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NMOMCK MEAJJEHHBIX CIIEKTPAJIbBHBIX U3MEHEHHWHM 3BE3/IbI T TEJBIA

H.X. I'YJIHEB
Lilemaxuncian Acmpogusuueckas Obcepgamopus
373243, lilemaxa, noc. Q. Mamedanueea

_ Tlo cnextpansHOMY Marepuasy 3seansl T Tenbua, nonysertosy B LIIAO AH AsepBaiinxana B 1971-1979 1T., nafneHe KBaIBNEPHORH- ¥
. YECKOE MIMEHEHHE IKBHBANEHTHEIX WHPHH AHeni Boaopoaa, H v K Ca I ¢ xapaxrepuniv Bpemesem t= 28-30 auelt.

Mpusonsares  pesynbratel  o6paBoTKR  CheKTporpaMM

' 3seanwl T Tenniza, nomytenusix & 1971-1979 1r. ¢ moMolueio

- 22-NpU3MERHOTC CTIEKTPOTPada, YCTAHORNEHHOTO B Kaccer-

pexoBckoM Qoryce 2-m Teneckorna IUAO AH Azepbafinxa-
Ha ¢ aMcneperel 93 A/mm y H,. Beero Guino ofpaBotano
168 cnertporpamm. HiMepeHul SKEHBANEHTHEIE WHPHHBL W,

- muuuit sonopona Hp, Hy, Hs, H 1 K Ca I1. Cpennexsanpa-
“muuRan ounbka onpemeneHHA W, SKRHBANCHTHBIX [IMPHH

cocTabuna £0.3 A, a mys¢Buix cxopoctell Vr & 20 mic_y H,

ﬂpenaapmenbnme PEIYNBTATH uccnenosaunﬁ CTICKTpA T
. Tenella Hamu npHBeacHel B pabote [1], rie AonyiueHa Bo3-

. MOKHOCTh CyliecTBoBaHHA 28-30 cyTousolt keazunepHoau-
" Yeckoit MEpEMEHHOCTH SKBHBANCHTHEIX WHPHH TUHUI BORO-

- pora, H w K Ca II. B paunoft pabote npuponurcsa Gonee

HORPOﬁI—IDE HCCIen0BaHS CI'IEKT[J&I‘[LHHX napaMeTpoR 3Bel-
1, ¢ NpHaRteYeHHEM MOTNONHRHTENLHOTD HabmoNATEALHORD
MATEpUANA.

Ha piic.1# 2 moka3zaHa 3aBHNCHMOCTSE CPEOHMX 3HAMCHHIA

'au aunmit Hy, H,, Hs, H u K Ca II o1 Bpemerd. B ckobxax

OTMEMEHO YHCNO CNEKTpoOrpaMdM, YCPEAHCHHBIX 38 HOMb.

. IMNCCHOHHBIE SUHWA Rogopora (xpome Hp) B 1971-72 T,

" HabJI0AARKCE ONEHD CTACKIMY, TOITOMY HE OblNH HIMEPEHHL.

" Ha prc.2 BHAOHO, MTO B 1971-72 IT. He MPOHCXOANIO CYIIe-

T T

CTBEHHOTO WiMeHeHns W; nuHud H n K Call. B ce3oHax
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Prc.| 3aBKCHMOCTH NYHEBBIX CKOPOCTEH W OKBUBANEHTHEIX WIH-
PHEH NHHHA BOAGPOAN OT BPEMEKH.
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Puc.2. 3aBHCHMOCTb NYYERbEX CKOPOCTEH H 3KBHBANSHTILLIX LIH-
pr H v K Ca Tl ot Bpemetn,

1975-79 rr. HaGmohaeTcA CHNBHOE YBRNHYEHHE K CYLUECT-
BeHHOE HaMeHenue Wy nuunii Hp, H, Hs, Hn K Ca IL

Pesynprathl UBV-porometpar speszbt T Temsua [2,3]
Tak e MOKAILBAOT, Y10 & 1971-73 rr. 3Be3na Geina Mano
AKTHBHA, MOKAIATENH IBETA NPAKTHYECKH TOCTORHHM. C
1973-74 rr. yeennuunack akTueHoCT T Tensia » yastpa.
¢duoneronoi oGnacTH CnexTpa. ITa TEHAEHIHA NPOOONKA-
nack W B 1977-78 11, 3Hatuenue (U-B) ymeRpunock or 0,7 ™
no 0,35 ™. Xapakrep usMenenuil Gnecka W mokazarenb UBETa
(B-V) 0CTaniCh NPEXHUMH,

H3 prc.l ¥ 2 BupHO, uto B 1975-70 [T. SKBHBANEHTHAS
wuprHHa AWHAN Hg, H n K Ca 11 B Teuenne 10 cyTok
{JD 2442762-772) ypendunpacTCA ApUMEpHO B 4 pada, a B
TIOCAENYIOWKE DaThl - YMEHbmacTca, B 1977 ru 1978-79
Hal/MIOZaeTCA CHEXPORHOE WIMEHEHHE W) IMHCCHOHHBIX I~
HHH B TeUeRHe HeckONsKHX cyTox. HabmonarenpHei Mate-
puan B 1977-78 rr. Gonee TUIOTHLIN BO BpEMEHEOM OTHOWIE-
HuM. M3 pac.1 u 2 Buano, wro nanuit Hy, Hy, Hg, Hn K Ca Il
B TeYeHue [5 CYTOK YMEHBIWIANOTCH RO CBOCTO MHHHMYMa
(JD 2443497), a 3aTeM CHOBA YECHHYHBAIOTCA B TeWeHHe 14-
15 cyrok. fipoMexyTok BpemeHs B 14-15 ¢yTOK MOKHO HH-
TEPTIPETHPOBATL KAK BPeMA MPOXOXKASHIA akTHBHOTO obpa-
30BaHHA N0 AKCKY 3Be3mbl. Toraa Moxem NpUMEPHO OLUEHHTE
NepHoA BpalleHHn aKTHEHOro obpazoeanus 28-30 cyTok.
OTMETAM, Y4TO NPOMEKYTOK BPEMEHH MEXAY MAKCHMANILHbE-
MH W COOTBETCTEEHHO MEXKIY MUHHMANLHEIMH THAYEHHAMK
IKBHBANCHTHLIX [WHpKH 692, 389, 329, 363 Tak xe npubnu-
IWTENBHO KpaTHbl YHCnaM 28-30.

T{o-pauMoMy, B IPEAENa% TOYHOCTH HECKONBKWX CYTOK,
CYILECTEYET KBAaIWICDHORMYECKOE HIMEHEHHE SKBHMBANCHT-
HEIX WHPHH B Teyerne 28-30 ¢yrox,

HomycTiM, CKOpOCTE BPALLICHHA AKTHBHOMNO 00pazoBanus
H 2BE3]%l OAHHAKOBL. TOrma npH NepHONie BPALLEHWR aKTHB-
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Horo obpazoeanns 28-30 ¢ M nepuone BpaLueHns 3830 2,8 d
(4) nonydaem, 4T0 akTHsHOE O00pa3OBAHHE HAXOMKTCA Ha
pACCTOAHHM TipUMepHO 10 R, OT 3Be3AM, rie R.- pausyc
age3nsl. B nocneAnee BpeMA GOABUIMHCTBO Hocneaosarench
RPEeANONAraI0T, HTO PANHYC OKO/IO3IBEIAHOIO KHCKA Y 3BCIObI
T Tensua cocTaBifeT 60Rn. Torna MOMXKHO NPEdNoNeHKuTh,
yTo ykasaHHble 00pasoBaHKA, NO-BHAHMOMY, HAXOIATCA BO
BHYTPEHHHUX COAX OKONOIBEIAHOTO BHCKA.

"IMUCCHOKHBIA cnekTp 3se3mnt b 1975 r (JD 2442772)
1978r (JD 2443511} aBnacTca Hanbonee aKTHBHBIM, MPHYEM
B DTH HOUH, [0 CPABHEHHIO CO CIIOKOHHLIM cocToAHHeM, W)
OTAEALHBIX JMHHIE BO3pacTain Gonee uem B 2-3 pasa. Cpen-
HKil X004 H3MEHEHHA V', OKA3HIBAET, YTO NPH YCHICHHH 3Ha-
yeuul Wy nuHnii Hp-Hy (pric.]1) namesaetes TeHASHLMA yBe-
NUUYEHHA TTONOKUTENBHBIX NYYEBBIX CKOPOCTEHl ITHX JTHHHIA,

370 0c00eHHO XOpOLIO HAOMOAACTCA B HHTEPBAAE BPEMEHY
JD 2443482-3568. Benpnneynwii Xapaxrep M3MeHESHAR k-
BHBANCHTHRIX WTHPHH H NIONOXKHTCABHEIE JEYMEBLIC CKOpPOCTH
IMHCCHOHRBIX JTHHKE CRHASTENLCTBYET 06 aKKPELMH Bele-
CTBA OKONO3EE3AHOTO AKcka. [To-BuauMOMY HIMEHEHHS Cpel-
KEro 3HaueHus 3KBRBANCHTHHIX LIHPHH B CEI0HAX MOKAILIBA-
€T HIMEHeHHE TeMNA AKKPELHH.

Takum 00pazoM, peynsTaThl CHEKIPANBHORG HCCNEA0Ba-
aus cnektpos T Tenbla, monydeHHeIX 32 nepuoa 1971-79 rr
MOKA3ANK, HTO CYMIECTBYET KBAIHNEPHOAHMECKHE HIMEHSHUA
IKBWBANEHTHBIX LUMPHH IMHCCHOKHBIX TuHWi Bonopoaa, H u
K Ca II B 28-30 cyrok. [Ipeanonaraenm, 4To Takne KBajune-
PHOAHYECKAS M3MEHCHHA MOXNHO OOLACHHUTL HANHYHEM aK-
THBHBIX 00pa30BanHil BO BHYTPEHHUX COAX OKOJIOSBE3QHOTO
JAHCKa, KOTOpPLI BpallaeTcs MeANeHHee, YeM CaMd 3Beana.

(1) HX Tynues. KuHemaTvka W $u3nka HebecHbIX Ten,
1991, 1. 7, Ned, €.51-53.
[2) [©.B. 3aiiyesa. Actpodusnka, 1978,1.14, Bbin. 1, ¢.17-3G.

{3) I'B. 3aiiyesa. AcTpoHOMMMECKHA UMPKYXAp, Ne 984,
1978, ¢.3-6. ,

[4] I.B. 3aiiyesa, K.B. Tapacoe u I'll. Yepnoea. IuceMa B
AcTporoMuyeckuit xypran, 1988, t. 4, Ne 7, ¢.610-615.

N.X. Quliyev

T BUGA ULDUZUNDA YAVAS$ (LONQ, UZUNMUDD®STL}) SPEKTRAL DOYISMONIN AXTARILMASI

T Bufa ulduzunun 1971-79-cu illerde $amaxi astrofizika resodxanasinda alinmis spektral miigahide matetizilari tadgiq
olunmusdur, Hidrogenin, H ve Ca Ii emissiya xetlerinin ekvivalent enlarinin 28-30 d xarakterik vaxtla kvaziperiodik deyigmesi

infiayyan olunmusdur.

N.Kh. Guliev

SEARCH FOR SLOW SPECTRAL VARIABILITY OF T TAURI

The results of spectroscopic investigation of the star T Tauri on the basis of the material obtained in 1971-1979 is presented. It is shown
that the equivalent width of emission lines of hydrogen, H and K Ca 11 varies with characteristic times of 28-30 days.

Hama noceymenusn: 16.05.00

Pedaxmop: A.C. I'yauee
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THEORETICAL CONFORMATIONAL ANALYSIS OF GLUCAGON MOLECULE

G.A. AGAYEVA
Rasulzade Baku State University
Baku, 370145, Z Khalilov str., 23

The conformational properties of the peptide hormone glucagon were investigated by the theorctical conformational analysis methed,
Two {amilies of lowest energy conformations were found corresponding to: a} conformations having « - helix within the ¢ - terminal resi-
dues 6-26 and b} conformations including two « -helices (residues 6-11 and 16-26) connected by a fF-tum. As previously investigated for
r¢lated peptide hormone secretin, a similar mechanism of the packing of the structural elements was found for glucagon by these energy cal-

culations.

INTRODUCTION

Glucagon is polypeptide with 29 residues. The effect of
glucagon is to release glucose from liver cells to boost blood
glucose concentrations. Its action is antagonistic 10 that of
another pancreatic hormone, insulin, which is responsible for
lowering unduly high circulating glucose levels. Glucagon
plays a central role in glucose homoegostasis and an under-
standing of this complicated process at the molecular level is
not possible without a detailed knowledge of the ghicagon
conformation. Its conformation has been extensively investi-
gated experimentally and thecretically. In previous studies
[1}, wimeric glucagon in crystals has been shown to have a
high content of a-helix. In dilute aqueous sclution, glucagon
exist as a monomer. Glucagon is flexible in dilute aqueous
sotution, but forms a well-defined largely helical conformer
in a hydrophobic environment such as organic solvents, lipid
bilayers and probably the receptor. a-Helical structure has
also been suggested for glucagon in chlorethanol and in the
presence of detergents or micelles [2]. Circular dichroism and
optical rotatory dispersion indicate that glucagon conformers
of 35 % a-helical content are induced in concentrated solu-
tions [3]. The sequence-predictive method of Chou and Fas-
man does support the presence both arhelix and Fsheet for-
mation for glucagon, and suggest that the conformation is
delicately balanced between these two conformations [4].

Pancreatic glucagon is a member of a large family of se-
quentially related polypeptidea, which also includes secretin.
Glucagon exhibits 52 % amino acid sequence homology te
secretin. The conformations of these hormones have been
investigated by nuclear magnetic resonance speciroscopy
under conditions of reduced water activity [5.6]. Both these
hormones were found to have a similar secondary structure.
In the case of these molecules the application of results of
NMR studies is much more difficult because precise infor-
mation on each dihedral angle is not available.

In earlier stady we have investigated the conformational
properties of secretin by the theoretical conformational analy-
sis method {7,8]. The spatial structure of secretin can be de-
scribed by two families of low-energy conformations, pos-
sessing relatively conformational valid (residues 7-22) and
variable (residues 1-6 and 23-27) fragments. One of these
families is comprized by five twists of the a-helix, while the
secand isoenergetic family possesses two short segments of
the a-helix, divided by a -turn.

Calculations produced the values of all dihedral angles of
the backbones and side chains of these structures as well as
intra- and inter-residue interaction energies. Therefore, in this

paper our purpose is to search for an energetically probable
conformation of the glucagon, satisfying experimental data
relating 1o physiological conditions.

LGLUCAGON H-HIS1-SER2-GLN3-GLY4-THRS-
II.SECRETIN  H-HISI1-SER2-ASP3-GLY4-THRS-

I.- PHE6-THR7-SER8-ASPY-TYR10-SER11-LYS12-
I1.-PHE6-THR7-SER8-GLU9-LEU10-SER 1-ARG 12-

L-TYRI3-LEU14-ASP15-SER 16-ARG17-ARRG 1 8-
IL-LEU13-ARG14-ASP15-SER16-ALA17-ARG 18-

L -ALA19-GLN20-ASP21-PHE22-VAL23-GLN24-
II.-LEU19-GLN20-ARG21-LEU22-LEU23-LEU24-

I. -TRP25-LEL26-MET27-ASN28-THR29-NH,;
.-GLY25-LEU26-VALZ7-NH,

Fig Comparison of the amino acid sequence of glucagon with
that of secretin.

CALCULATIONS

This investigation were carried out using theoretical con-
formational analysis method as described in Refs.[7-9].
Computations were carried out on the IBM386 using pro-
grams written by Godjayev et al [9] in FORTRAN. This pro-
gram calculates the conformational energy of a peptide a5 a
sum of nonbonded (E,,), hydrogen-bonded (£,5) and electro-
static energies (E,.) for pairwise atomic interactions and tor-
sional potentizl energies (Epog) for rotation about bonds.
Bond lengths and bond angles are fixed at standard values
{10), and only dihedral angles are allowed to vary.

For a stable conformation, the @ ¢ dihedral angles of
backbone chain are located in a low energy regions:

R(p.w=-180°0%, B(p=-180"0° w= 0180,

L(@, pr=0"-180" and P(p=0°-180", y =-180°-0°).

The conformational state of each amino acid residue is con-
veniently described by backbone ¢, ¢ and side chain
X6 2Y3- dihedral angles.

RESULTS AND DISCUSSION

Study of the data on receptor binding and activity of glu-
cagon suggest that almost the entire molecule is required for
full biological potency. [t is therefore of interest to examine
the conformational behavior of the complete molecule of
glucagon. The determination of the stable conformations of
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glucagon molecule, represented here, is based on the detailed
analysis of secondary structuse elements of the separate its
fragments. This analysis is need for detailed studies of the
seometrical and energetical features of the packing of these
strucrural elements.

Calculations of the glucagon molecule can be divided into
three stages. The three glucagon large regions: residues 1-12,
9-18 and 18-29 were investigated separately by minimizing
the energies of al! possible combinations of low-energy
structures of the component fragments and then reducing the
total number of states at each stage by cutting off the higher-
energy ones. By using combinations of appropriate single-
residue conformations it was possible to search the low-
energy structures of the di-, tri- and tetrapeptide segments
adequately. In each situations, the large fragments are built
up from smaller ones: di-, tri- and tetrapeptides.

The lowest structures of the dodecapeptide Hisl-Lysl2
are produced by various combinations of almost all favorable
states of the two partially overlapping fragments Hist-Thr?
and Phe6-Lys12. A comparatively large number of low-
energy conformations of Hisl-Lys12 make be attributed to
the fact that the five residues of the N-terminal region forms
relatively flexible structure, but the second part Phe6-Lys12
exhibits an a-helical segment. This is a conformational rigid
nucleation, which is observed in all low-energy conforma-
tions of Hist-Lys12 with no changes in its structure.

Conformational properties of the middle fragment
Asp9-Arg 18 have been investigated basing on the low-energy

structures of the three components tetrapeplide fragments
Asp9-Lys12, Lys12-Aspl5 and Aspl3-Argl8. This fragment
of glucagon has a few polar amino acid residues, five of
which are c¢harged (Fig.). A main goal of this research is 1o
find the position of the possible reverse wrn structure, This
calculation was used also 10 1est the important role of the
various ioni¢ pairs formation.

Calculation indicated only two most favorable conforma-
tionis for this central decapepiide of glucagon. First of them
structure RyR3R3R;zz2 Riz Razzy Rp Ry Rezee Riza
(Exe: = 0 kcal/mol) forms a-helical conformation, but the
second lOW‘Cﬂ'ﬁfg)‘ structure R, Ry Ry Bjy;z; Rz Buarse
Bz Ry Rjy2z0 Rizze (Bger=2.5 keal/mol) includes two a—he-
lical coils, connected by a fturn. At this conformation the
distance between the ¢* atoms of Lys!2 and Aspl$ is found
to be approximately 6.8 A, which indicates the presence of a
Ptum. A puun leads to the hydrogen bonds between the s
amino group of Lys|2 and the carboxyl group of Aspl5 and
between the carboxyl group of Asp9 and the guanidine func-
tion of Argl$. It is shown that the interactions between nega-
tively charged aspartyl residues and positively charged resi-
dues stabilize a-helical segments also.

The next stage in the analyses of glucagon comprises cal-
culation of stable conformations of the C-terminal dodeca-
peptide Argl8-Thr29 NH;. Combining all low-energy con-
formations of the separate overlapping fragments were cal-
culated sequentially increasing larger C-terminal segments:
Phel2-Met27, GIn20-Met27, Argl8-Met27 and, at last,
Argl8-Thr29NH, (Fig.). The results showed that among

Table. The geometrical {in degree) and energetical parameters of lowest energy conformations of glucagon. (r'x "¢ =80")

Aminoacid First family structure Second family structure
N 2 lv| o | 7 7o elolrdlr

HIS) 62«63 177 172 %4 62 -63 177 172 -94
SER2 -89 62 173 55 1751 -89 .62 173 55 175
GLN3 61 <33 83 T6 69| -5l ~33 183 76 59
GLYY 47 T 176 - - 83 -7l 176 - -
THRS -i32 162 173 60 179 | -132 162 173 50 179
PHEG <74 29 173 68 §2 | -1 -2¢ 173 68 £3
THR.7 60 -4] -172 36 182 ~50 -45  -i75 56 182
SERZ -57 -3 180 178 181 -56 -44 179 178 180
ASP9 -40 .43 184 180 30| -53 <47 183 130 89
TYRID -8 -34 -175 6l 35 -5 -25 180 -0 -90
SERI1 68 33 -180 60 180 -69 47 178 60 180
LYS12 =15 42 184 75 170 -8l 157 -172 72 185
TYRIY . ri i -171 §7 83 97 <70 184 178 60
LEU14 49 -3% 177 65 1W ] 120 112 174 180 &)
ASP135 49 -36 180 180 87| -113 154 173 182 38
SER1S6 -79 32 178 64 180 97 48 -173 i3] 180
ARGI7 -67 -4 182 180 179 -57 -47  -171 180 180
ARGIS -t 36 -173 73 179 -69 -37 178 70 183
ALAI9 -} -30 172 180 - -67 40 174 189 -
GLN20 43 53 -172 181 62| -51 53 .172 180 62
ASP21 18 .38 -172 6l 90 -78 38 138 6l H
PHE22 -57 -4 185 180 21 -57 -44 183 i8¢ 21
VALZ3 -85 -3 180 51 63| 83 -14 180 -51 63
GLN24 b8 62 =163 176 63 -68 €62  -163 176 63
TRP23 97 48 -165 60 103 -97 48 -163 -6} 105
LEU26 B0 47 -175 60 180 -80 -47  -175 60 105
MET27 92 154 -170 182 165 92 154 170 182 165
ASN2B -58 -5l 77 181 91 -68 -51 177 181 91
THR29 -72  -48 178 57 182 -72 -48 178 57 182

En ergy Em EE.'-’ EE ER;‘;.!‘_ EE_ Ep; Enn Epp1
{kealimeol) § -1913 169 287 1.5 -188.9 153 26.1 0.0

6

kb
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plausible spatial forms of C-terminal dodecapeptide a a-helix
is energetically the most stable structure. The global confor-
mation of this fragment Ry;2; K» Rzio Ry Rz Riyzz Rap
Rj;; Ryzzz Rzszz RaRp (Eger= 0 Kcal/mol) containg of a-
helical structure, siabilized by networks of regular hydrogen
bonds. All of other computed low-energy conformations have
partiatly helical structures with relatively variable C-terminal
tripeptide. This calculation strongly supports a model in
which the ¢-terminal region of the glucagon is helical. The
empirical method of Chou and Fasman has also been used to
predict several structures for glucagon, one of which has a
helical segment at aminoacid residues 19-27.

At the final stage of the investigation, ail combinations of
possible conformations of the separately overlapping frag-
ments Hisl-Lys12, Asp9-Argl§ and Argi8-Thr29NH; had to
be considered and then used as starting conformations for
computing the structure of the whole molecule. A number of
conformational states with the same backbone form and dif-
ferent orientations of side chains were also calculated for a
particular shape whenever reasonable.

The results of conformational calculations of glucagon
showed two families of lowest energy conformations with the
variable N-terminal (residues 1-5) and C-terminal (residues
27-29) regions. One of these families is comprised a great
@ -helical segment at the 6-26 residues, but the second iso-
energetic family contains two short a-helix segments (resi-
dues 6-11 and 16-26) connected by a Sturn at the
Lys12-Aspl5 level. The second family has an energy more
than 1.5 keal/mol lower than that of the first family. The low-
est energy conformation of the second family is stabilized by

TONAL ANALYSIS OF GLUCAGON MOLECU

two hydrogen bonds between oppositely charged side chains
of the Lys12 and Aspl5 and Asp9 and Argl8. The energies
of these medium- and long-rang interactions between Lys12
and Aspl5 and between Asp® and Argl$ are equal -11.9 and
-11.3 kecal/mol respectively. The conformations of the first
family with a high content of arhelix are stabilized by net-
works of regular backbone hydrogen bonds and hydrogen
bonds involving the charged group of side chains. Numerical
values of dihedral angles of rotation about the backbone
(@) and side (r.x2 bonds in the two lowest energy con-
formations of glucagon are listed in Table. There are repre-
sented its energetical parameters in this Table too. The re-
sulting conformations of glucagon were compared with the
known experimental resulis. It was shown that conformations
of the first family are consistent with the X-ray crystal struc-
ture [1], but the conformations of the second families are
similar to the proposed structure in NMR investigations [6].
These studies lead to the conclusion that glucagon can form
one of these calculating conformations depending on the
conditions.

The data in this paper show that glucagon molecule have
a similar conformational properties with secretin. As previ-
ously observed for secretin [7,8), a similar mechanism of the
packing of the structural elements was found for glucagon by
these energy calculations. This is not too surprising for fami-
lies of peptides with similar or identical functions and very
extensive amino acid homologies, such as the glucagon and
secretin. A more detailed analysis of these results and further
structure-function relationships investigation of gluacagon will
be presented elsewhere.

{11 K Sasaki8 Dockerill D.A.Adamiak 1./ Tickle, T.L Blun-
dell, Nature, 1975257751757,

[2} C Boesch, L.RBrown, K.Wuthrich, Biochimica et Bio-
physica Acta, 1980,603,298-312.

3] C.S.C Wu JT Yang, Biochemistry,1980,19,2117-2122.

(4] P.Y.ChouG.D.Fasman, Biochem, 1975,14,2536-2541.

[5] G.M. Clore, S.R. Martin, A M. Gronenborn, 1.Mol.Biol.,
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[6] W.Braun, G.Wider, KH Lee, K Wuthrich, J.MelBiol.
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G.0. Agayeva

QLUKAQON MOLEKULUNUN N9Z9Rl KONFORMASIYA ANALIZI

Peptid hormonu qlitkaqonun konformasiya xiisusiyyedori nozeri konformasiya analizi sulu ile todqig olunmusdur. Qlitkagon
molekulo igin iki tipli asag: enetjili konformasiyalar mileyyen olunmusdur: 2) C-tarof 6-26 fragmentinde e-spiral qurulusu emole
galiren konformasiyalar ve b) f-dénme ile birleson iki a-spiral quruluglan (6-11 ve 16-26 fragmentleri) emole gati ran konformasi-
yalar. Enerji hesablamalan neticesinda qlikagon molekulu giln ona oxsar peptid hormonu sekretin glin tadqiq olunmus quruivg
mexanizmi miayyen olunmugdur,

I.A. Araesa
TEOPETHUECKHI KOHGOPMAIHMOHHBIA AHAJIH3 MOJEKYJIB FIIOKATOHA

MeToAoM TeopeTHUECKOrO KONPOPMALIHOHHOTO AHATNIA HCCTISAOBAHL KOHPOPMAUKOHHEIE BOIMOKHOCTH MOACKYALL MILOKATCHA. Buinn
anpeflenedil JRa ceMeCTRA HHIKOTHEPTETHUCCKHX KOHPOPMALINA Fiokarona: a) koHGopmauny, GOpMHPYIOUINE G-CIIHPAILHYID CTRYKTYPY
Ha C-KOHUEROM 6-26 (hparMenTe MONEKYNbl # ) KOHGOPMALHE, CORCPRALME OBA A-CIHPLABHBIX yHALTKS {6-11 n 16-26 ), cosnunennix
Au3rndom vean. Ha ocnopatdiy FHEPIETHHECKHX PACHCTOS ANT TIOKaroHa 6117 BLIABICH NOX0KRHEA MEXAHHIM YKAAOKH CTPYKTYPHBIX 18-
MCHTOB KAK paee HailneHHbIil 1R pOACTREHHON EMY MONCKYNIB! CEXPETHHA.

Hama nocmynrensn:f1.03.00 Peoaxmop: M K. Kepusmos
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PAINYCHI U CTPYKTYPA COEPHUYECKHX ATOMHEIX SJEP

M. M. MUPABYTAJILIBOB

Asepbaiioxcancran Focydapcmeensnan Hepmsanan Axademus

2. Baxy, np. A3a0nei2,20

JMipdepeRUKAABHOE CEYEHUE YIEPYTOrO PACCEAHHA IRCKTPOHOB M POTOHOB Ha CPCPHICCKIX ROPAX BBIMHCACHD B HOKAKCHHD BOAHOROM
npubrxenuy. CopMecTHsill ananns TEOPSTHUECKHX PEIYNLTATOR NOTBONACT Bonee TOMHO ONPEaeNHTh CPeIHEeKBIAPATHYHLIE PATHYCE!
Eimpeﬁfﬂeusg [IPOTOHOB, HCﬂTpOHOBII: TOMMMHY NOBEPXHOCTHOIO CROR KALP. MIMEHEHHE ITHX NAPAMETPOR B AAPAX KIOTOIROR #Ca, **Ca,

Sn, "Sn, S0, a Take HI0TOHOR ST, T Zr OGLACHACTCA HE OCHOBS MOJSIH HEIABUCHMLIX SACTHEL H C TIOMOLILIO DPHACKEHHA TEOPHR

AAEPHOR MATEPHY ¥ 0GonoueHOR MOREN.

Hiyyenue cpearexsafpaTiamuix paanycos (CKP) asep »
ux H3MeHeHdH NpH AoBaBNeHMU HYRIOHOB ARRALTES ommoli
U3 UEHTPANLHLIX TeM MochieRHuX feT B aneproli dpusuxe. Ec-
JIK 2pATOBHIH panHyc XapaKTEpHIYeT AADO B USAOM, TO H3-
menenue CKP npu noGapneHHN HYKROHOB CBA32HO KaK €O
CTPYKTYPOH aTOMHBIX AAEp, Tak K ¢ MpHpoRoH 3PdexTHBHEIX
CHL

lenkso paGoTel ARNACTeA onpenencnke CKP pacnpeaene-
HHA DPOTOHOB H HEATPOHOB B CHCPHIECKHX ALpax myTeM ol-
HOBPEMEHHOrO BHAMM3A TEOPETHYECKHX ceveHuil ynpyroro
pacces HEA ANEKTPOHOB H NPOTOHOB.

C NOMOULEX TEOPHH MHOTOKPATHOMO paccesHuA mpoTo-
o8 {2] U ¢ yueTOM TPEXNAPAMETPHHMECKHX (pepmu-pacnipene-
AEHME WIOTHOCTH HYKIOHOB DPOaHATHIHPOBAHLI IKCTIEPH-
MEHTANLHbIE AAHHEIE NO YOPYrOMY pacceiliio APOTOHOB ¢

rapmoueli suepriei ~1000 MaB nHa anpax ;3 Ca, ;: Ca[3],

]
1gSr W Zng [4]. 3Hauenua napaMeTpOE INS 3ApANOBBIX

pacnpenenedull GpanHch H3 PCIYNRTATOR 1O YOPYroMmy
INSKTPOH-AEPHOMY paccearnio [3] ¢ nasawowel 2Hepruedi
~ 250 M>aB. TlapaMeTpst pacnpeAeneHHA ITOTHOCTH KelTpo-
HOB NoaGipandce TO METOAY HAWMEHBLIHX KBAApATOB W3
Tpe6oBaiKa HAHAYYIIEro ONUCAHHS SKCMIEPHMEHTANLHEIX CE-
yeHiil N0 YNpyroMy pacceAHHio MPOTOHOB Ha Apax.

CTpyKTYpHbIE HIMEHSHMA B RAPAX HIOTOMOB H HIOTOHOB
8 OCHOBHOM CBA3BIBAIOTCA C 3ROONHEHHEM AZEPHMX obono-
4eK, W 5TH H3MeHEHHS NPONCXOAST IMaBHeIM obpasoM Ha
nosepxHoeTH Azep. [ToSTOMY Lenk TAKHX MCCNeXOBaHMA B
QCHOBHOM 3aKIHOYAETCA B BLISBJIEHHH 1AKOHOMEPHOCTEH B
W3MEHEHHN PACIPEAENEHIA, Kax IPOTOHOR, TAK H HCHTPOHOD
npH 3ANOAHERHH 0SoRouek,

AHANU3MPYA Pe3yNLTATL] YMPYFOPO PacCesHua 3NEKTpo-
HOB W MPOTOHOB Ha PAAC CROKHEIX CEPHYECKHX ABEP. of-
HAPYKEHO, YTO UIMEHEHHNE AOCPHLIX TAPAMETPOE NPH ReEpe-

KOAE Meaay HWIOTONAMH H HIOTOHAMH MPOHCXOAHT HeOnHHA-

koeo. [1pH nepexone oT 10pa l;gSn K ';:Sn CKP nporon-

HOTO pacTipeaencHua yBerunsacted Ha 0,051 M, B TG Bpe-~
ma kax Heltpomebii CKP ymenbluaerca Ha 0,059 M. Tlpn
TOM TOSIWMHA CIOBEPXHOCTHOTO CAOA ANEPHOTO BELUCSCTEA
TOXe yMeusmwaeTcA Ha 0,077 ¢u. Onxako mph nepexone of

.
agpa l;: Sn x ';;Sn BCE 3TH NapaMeTPhl YBENHYHBAIOTCA Ha

0,022 gm ana CKP npotosnoro, #a 0,151 v mna CKP ned-
Tpounoro pacnpenencuuil u va 0,037 $M L TOMUKAL N0
BePXHOCTHOTO CAOA ANPA.

Mpw nepexone O 44pa gc-a ¥ H3OTONY ;ﬁ Ca CKP npo-
TOKHOTO pacTipeleacHHA yMmenblwaetcd Ha 0,024 ¢m, & nnA

HeliTpOHHOro — yBeawdHBaeTcA Ha 0,145 §M, npr 3ToM TON-
LIMHA TIOREPXHOCTHOTO CNIoA YRENHAHBAeTCA Ha 0,028 fm.

HiMedeHHe 3THX NapamMeTpoB MoxHO 00bACHKTE Ha Oc-
HOB¢ MOASIH HE3ABHCHMBIX MASTHL H ¢ MOMOLIBID NIPHICKE-
HRA TeOpHU AfepHOll MaTepuk Kk oBonousyHoH MOTEnM.

Manoe yeemuuenue CKP npoToHHOro pacnpencneHqs

- s
OpH NIEPEX0ae 0T WIOTHNA ';gSn K ';0 Sn MoXHO OOBACHHTD

TeM, 4To mofasneHHbic nBa HellTpoxa 3aHHMalT neacbo-
JouKy 2d;,; H 3BMBIKAIOT €2, a YIA08oH MOMEHT noneGo-
JOUKH 1 =2 HOBGTO H30TONA MEHBIIE, 4eM YTNORoH MOMeWT
sanonHeunol npotounol nopoSonouxH lIg.. (1=4). [lo-
aTOMY 3TH HeHTPOHB BLITANKHBAIOT MPOTOHBI B Hanpasne-
HHH MOBepXHOCTH fapa W ysemwiupaor CKP npoToRHOTO
pacnpenenednd. YmeHewenuwe CKP nefitponsoro pacope-
JESNCHAA H TOJILWHHM NOBCPXHOCTHOTO CII0A MOKHG Os‘b!lCF
HHTb TAK K€, Kax H ana I'IPOTOHOB: JaMbIKaHHEM I'IOD.OGOJ'IOT-I—
kM 2d;,; npd poGabneHMH IBYX HEHTPOHOB, BCNEACTBHE
Hero TOMUNIHHA TMOBEpXHOCTHOMO clof H CKP HeliTpoRROro
DAcTIpEAENEHEA YMERBIIAKTCA N0 CPABHEHHIO ¢ COOTBETCT-
BYIOLIAMH BEAWMHHAMH Tpeisilylunx wiotonos. Jobasne-

8
HHE WECTH HeNTPOHOR K '_1,0 Sn NpHBOLUT K TOMY, YTO HAYM~

HOET JAMONMATECA momobonouka 1hyy. (1=5), nostomy
TONIMHAA TIoOBEpXHOCTHOrO <nos W CKP veliTponHore pac-
NpeAeNeuns YBENHYHBAOTCA, 4 yeemwuedne CKP nporosko-
TO pacnpedeneans HACT MeieHHes., Y10 KacaeTcs HIOTOTIOB
KQ/IbUMA, TO NCOABNCHHE BOChMH HEHTPOHOB K MArHYECKOMY

4
APY 2, CA NPHBOIUT K TOMY, YTO HAYMHACT 3aMOJHATHCA

Hopan mopoBonouka IF£;,, (1=3). 310 BeReT K PEIKOMY
yeenmgeHmo CKP HelitponHoro pacnpeiefieHus 1 TONUAHES
NOREPXHOCTHOTO CNOA.

PaccMoTpHM Teneps namMencine CKP B NoBepxHOCTHOTO

18
mapaMeTpa B Aapax wiotoHos. [IpH Nepexone OT AAPa 4 51 K

o0
40 Zr CKP npoToHHOTO DAachpeleNeHHA YBERHUHBACTCA HA

0,003 dm, a neirrponsoro — Ha 0,098 ¢u. TomuuHa noeepx-
HOCTHOTO CNoA YMeHnmaeTces Ha 0,066 ¢m. HeanauHTenbkbIC
M3IMEHEHMA PAOMYCA NPOTOHHOTO DACNPEASNEHHA W YMCHb-
IWEHHE TOMUMHE TIOBCPXHOCTHOTO CAOA ONATE NPHBOAAT HAC
K 32K/MIQUEHITO, YTO NIpH A0OABNEHHN ABYX NpOTOHOR 3anof-
HALTCA BepPXHAA iomobononka 2p,) .. Yeenuuenne CKP nel-
TPOHHOPO PACTIPefieieHUs NMPOHCXOAMT 33 CHeT TOro, 4To
yrnopok MOMEHT Ao0aemacMelx NPOTOHOB 2pisz (1=1)
MEHBLIE, YeEM YINIOBOH MOMEHT HefiTpowuoH nopofonousu
1ggsz (1=4), H 2TO DPHECOMT K CYWECTBEHHOMY REépepac-
npeasnenio HeATPOHOS B RApE.

[
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Taxkoe HIMEHEHHE AflEPHBIX NApaMeTpos ¢ No6aBNcHHEM  GEHHOCTH CTPYKTYpPBI ALPa, NPHAGAMT K HOABN
BeliTPOHOB M NPOTOHOB XOPOLIO OGLACHASTCA NPWIOKCHHEM  UHANBHOMN YaCTH IHEPTHH CHMMETPHA.
TCOPHH ANEPHON MaTepiH K 3QPEKTaM HE3AMKHYTOCTH 0bo- Takum oGpaioM, aHWIHI IKCACPHMEHTANLH
NOMKH: BIAHMOACHCTBMIO HYKNOHOB BHYTPH noNoGOAGUKH,  YNPYroMy pacceaHHIo 3ASKTPOHOB Ha cdepHy
NONAPHIALNK OCTORA, CHAPHBAHWIO ACOARRASMEIX K Nonofo-  NPMBOANT K 2akmouexino, 4To CKP npoToHHO
AOMKe HYKNOHOR. NeHMA NS BhILIENepeYHCNeHHEX SAEp Pacnono

B MOIENW He3aRHCUMBIX YACTHU ¥Ta JAKOKOMEPHOCTH B
n3meneHHAX CKP pacnpepeacHda NpeTOHOE W HelTPOHOB B
anpax 0GDACHAETCA TEM, YTO B TAKENLX ALPax CYLISCTBOBA- ueﬁmonuuewcrnz »17%m(1,0120, 06) {2N-2
HIte HCHATPORHOrO W3GHITKA NPHBOMMT K HEOAHHAKOBMM  auaniia ne3yNTATOR MPOTOHHOrO PACCEAMMA ¢

CpeaHIM ROTERUKANGM, ACHCTBYIOWNM Ba HETPOHEI M IPO-  CKP pacnpenceHUR ANEPHOH MATEPUA JEKAT
TOHbI. DTOT 2hiexT, XapakTepu3ylOWWit Gonee TOHKHE 0CO-
(M}e * P P Y q,r:;’lfzaol g2 AJ!J ¢M.

OYIOWNHX npegenax: <.I": »i=(1,040,03) (2

[1] Cuenter Plunien and Gerhard Soff. Phys. Rev., 1996, [3] I [ Anxasoe u dp. [Ipenpunt JUAD Ne 153
AS53,4614. [4] A Arxaszos u dp. wpenpHrT THAD Ne 244
2] MM Mupabymarsbos. YueHwie 3anuckn,1996,4,48-35, (5] A.B. Jxcasados, M.M. Mupafymaritos. K3
AzepB. THA, Baxy. CCCP, 1978, cep. du3., 42, ¢.1875-1879.

M.M. Mirabutahbov

SFERIK ATOM NUVBLARININ QURULUSU VO RADIUSLARI

Elcktron ve protenlarin sferik nivelorden sopilmesinin differensial effektiv kasiyi tohrifolunmuy dalgalar yaxin
sablanmigdir. Har iki sapilms {igiin nezari hesablamalarin birlikde analizi nivelerde proton va neytronlarin paylag
kvadratik radiusu ve sath tabeqesinin gahnhfim daha degiq tapmaga imkan verir. Bu parametrierin izotop niivelords
1%5n, 11850, 14Sn, hemginin izotonlarda #8r, ¥Zr doyismesinin izahati asth olmayan zemaciklar va tabageli niive mod
ila verilmisdir,

M.M., Mirabutalybov

NUCLEAR STRUCTURE AND RMS RADII

Differential cross-section of the etastic scattering of electrons and protons on the spherical nuclei has been calculated in)t

wave approximation. The general analysis of both etectron and proton theoretical results allows to determine more precisely [ihg val

root mean square (RMS) radii protons and neutrons of distributions, aiso, the thickness of nuclei. The change of these parameters in{nug]

isotopes °Ca, #Ca and 'Sn, 18Sn, 5.0 as well as isotons **Sr, *Zr is explained by the models of independent particles and
application nucleus matter theory to the shelt model.

Hama nocmynnenua: 01.03.00 Pedaxmep: HII
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THERMOELECTROMOTIVE FORCE OF NONDEGENERATE KANE SEMICONDUél' ORS
UNDER THE CONDITIONS OF MUTUAL ELECTRON-PHONON DRAG
IN A STRONG ELECTRIC FIELD

M.M. BABAEV, T.M. GASSYM
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H. Cavidav., 33

The thermoeleciromeotive force of nondegenerate Kane semiconductors with due regard for the edectron and phonon heating and their
mutuai drag is investigated. The electron spectrum is taken in the Kane two-band form. It is shown that the nonparabolicity of electron spec-
trum significantly influences on quantity of thermoelectromative force and leads to the change of its dependence on the electron temperature
To a5 well as on the heated elecrric field. Under the conditions of strong mutual clectron-phonon drag, thermoelectromotive force mainly

consists of the phonon part. In these conditions for the parabolic case the thermoelectromotive force increases as -Tj" : . and for the strong

. 2
nonparabolic case as ~T,

The interest to the studies of thermoelectromotive force
in different systems under the conditions of carrier heating at
rhe high external electric field has recently been intensified
{1-3]. Lei 1], Xing, Liu, Dong and Wang [2] were diseussed
the thermoelectromotive force under the conditions of carrier
heating at the external strong electric field neglecting the
contribution of the phonon drag, which is very important at
low temperatures of lattice [4). The role of the phonon drag
in thermoelectromotive force of hot carriers was studied by
Wu, Horing and Cui [3], with taking into account only th:
drag of electrons by phonons (thermal drag), but the mutual
drag of electrons and phonons was neglected. The thermoe-
lectromotive force with regard for both the electron drag by
phonons and their mutval drag was studied in [5]. In all the
papers [1-3,5] the electron dispersion law was assumed to be
patabolic. In publication [6} the thermoelectromotive force
ol hot electrons in strongly degenerated semiconductors for
iwo-band Kane spectrum of electrons was discussed.

In this paper a thecretical study of thermoelectromotive
force of nondegenerate Kane semiconductors placed at strong
electric tield with taking into account both the drag of heated
¢lectrons by phonons and their mutual drag is carried out.
The phonons were assumed to be heated or nonheated. Two-
band Kane spectrum of electrons is assumed [4]:

1 £ 2
ple) = Cm e)z| 1 + = ) m

g

where m,, is the electron effective mass at the bottom of the
conduction band, £, is the band gap, p and £ are the electron
momentum and energy, respectively.

The considerad physical process is the thermoelectric

Seebeck effect in the presence of a heated electric field E
and an electron temperature gradient VT, , which can be pro-

duced by the gradient of £ or by a lartice temperature gradi-
ent VT,

The basic equations of the problem are the coupled Boltz-
mann transport equations for electrons and phonons. The case

of quasi-elastic electron scattering by acoustic phonons is
considered. For the considered case the distribution functions
of electrons f(p, r) and phonons N(q, r) may be pre-
sented in the form:

f@, I“) = fo(é‘, ;) + EI(E, ;)i |?z| << £, (2)

N(&; ;) = N,,(q, ;) + E;(q, E‘)%|§1| << N, (3)

Here f,and £, N, and N are the isotropic and aniso-
tropic parts of the electron and phonon distribution functions,
respectively.

If the inter-electronic collision frequency v, is much
more than the collision frequency of the electrons for the en-

ergy transfer to lattice v, , then £, |g, r)is the Fermi distri-

bution function with an electron temperature T.. We consider
the case, when for iong-wavelength (LW) phonons there is a
“thermal reserveir” of shor-wavelength (SW) phonons:

- r : L
Guax = 2P << —, where g, is the sound velocity in
Sy
the crystal, gu, is the maximum quasi-momentum of LW

phonons. In this case ¥ ,lg, r/ has the form {7]

: Gy

3. 5B

Yo (q! } Sed

where T, is the effective temperature of the LW phonons.
Starting from the Boltzmann transport equations we ob-

tain the following equations for £; and N; in the steady
state:

[N 3
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er. -B_%% v(g)f: +

2nmls) Of, "%

H;_)Vf E, n(e) 2e ErS e JN:(q)V(q)ﬁwqq"’dq =0,
S,UN, + BlgN; ~ i,j;{;) W(q)Ng(q)ql?zdp =0 . o ®

Here e is the absolute value of the electronic charge,

E: = E + Er, Er isthe thermoelectric field, m ¢e} is the
electronic effective mass, May=s,q is the phonon energy,
W{g)=W,q" is the square matrix element of the electron-
phonon interaction (t=] for deformation and t=-1 for pie-

zoelectric interaction), S iqg) and v(g) are the total phoron
and electron momentum scattering rates, respectively.

or the Kane semiconductors with the electron spectrum
{1) the expressions of m (g}and v () have the form [4]:

[1 + EJ , (7

89‘
we) = v, (T{-I—"‘—] {1 s 20 i] (fi) , ®)
T £, &, T l

m(e) =

AN

! where r=3/2,1=0 for the scauering of electrons by impu-

rity ions and r=-t/2, 1=1 for the scattering of electrons by
acoustic phonons. When LW phonons are scattered by SW

phonons or by crystal boundaries, #¢g) doesn’t depend on
the spectrum of electwrons and has the form [7]

4
dmph’s

where the indices » and b denote the scauering by SW
phonons and crystal boundaries, o and L are the density and
the minimum size of specimen, respectively, When LW

phonons are scattered by elecirons, #(g) depends on the
spectrum of electrons and for the spectrum (1) we obtain:

B.(q) = prerok L p.(q) = (9)

8rT, ) T

e

B.(a) = [‘“ . ]% W, [z :

where ¥ is the concentration of electrons.

Solving the coupled equations (5) - (6) by the same way
as in [5] it is easy 1o calculate the electric current density of
electrons [4]

253 Ifl(s)p (e)de . (b

Let us direct external electric field along the x axis, and
the gradient of lattice temperature (or the gradient of external
electric field) aiong the z axis. Under this conditions from
equation j,=0 we obtain the following expressions for the |

@ - 17 _ ¢
o= ja(x){x T +

o

y _
JE

Here (T} is the chemical potential of hot electrons,

e’  plx).

M) = T aG) "p[;{ - ]’“6’

2 Y[ Y,
q , (i0)
&, 250

é?a(x){l(x) + A8, o(x)}dx

electron (a.} and phonon («) pants of the thermoelectromo-
tive force (o):

{=) (0}
SR ViV VR

where

o, = ].a(xll + blx)Hx . x = = (3

[1 - %:):lb(x)}dx : (14)

T T
=—,8 ==,8 = £ (15)
T T

Y m(x) vix)
1-y(8.) m8,) v(g,)

_ 3+t VP(X 8. (Q')
) = ot L [ A

b(x) = (17

(18)
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_ 3+t m(xleo 2+e
1) = oy, ()Iﬂ()q -

vofx) is the electron scattering frequency by phonons. The
coelficient A ¢x} characterizes the efficiency of the thermal
drag, whereas y {x) describes the same for the mutual drag.

Because of the complexity of general analysis of expres-
sions {£2) - (15}, later we examine the dependence of electron
momentum on its energy in the form

ple) = (2m,& }y[ }

which for the spectrum (1) corresponds to the parabolic
(T.<<g,,s=1/2) and strongly nonparmbolic (T,>>z,, s=1)
cases, respectively. In these cases m (e}, vie} and Biq)
may be presented in the form:

(20)

b

mle) = Zsm [£ ]3
(25-Ii-r) -
vig) = 2sv9(i").9;[i] [%J .22

nas--—

{ ?] s
plg) = ﬂ(T)&S‘”’[%J (%] . (23)

where n=1, k=t for scattering of LW phonons by electrons,
n=0,k=0 for the scattering by crystal boundaries and
n=0, k=1 when LW phonons are scartered by SW phonens.

For the spectrum (20) from the expressions {12} - (19) we
obtain:

-1
a, = - i(}_ + C, A—-J {3 -8+ 2sr ¢r.) + [1 C(T’}]Ci Yo (24)
e - Yo 8 Te 1_ - ¥
Sk I
- -._ == ((¢2L=Kk=n}
al __ 16 4 (€, ¢l B+ t)22 28 {mys; ] ?[ 19, [8 2] o Jnﬂ : ra(T) 23
P e T+le, -1y, 3+t-k T g, ¢ g) "’
where
o - (1 + 3s + 2sr + 25t — sk) (1 + 3s 4 2sr + st — sk) 26
! (3 -5+ 2sr) T (3~ s+ 2sr)
ek} t- 2= Y2cestakenal)
- (3 + t)z ‘ [ n j] T‘g [ 2] ‘9:”'3 s [ isg ﬁ (T) VfU(T) an
0 e
3+22-k | T g, > AT v,(7)
For the spectrum (20} the chemical potential of non-degenerate ¢lectrons takes the form:
. s_l]
3r’w’N T J[ 2
(@) = -1 — N (28)
(1 + 3sXem,7V? \ &,
It is scen from (24) and (25) the nonparabolicity of lof phonon part of thermoelectromative force @, with

electron spectrum significantly influences on quantity of
thermoetectromotive force of hot carriers and leads to the
change of its dependence on the electron temperature. For the
all real scamtering mechanisms 4+¢-k-n>0, consequently
the nonparabolicity of spectrum leads to a more rapid growth §

o

e

-i 3 -5+ 25r -
&

12

<)
T

increasing of T,.
Consider the limiting cases y,<<! and y, —1. Under
conditions of weak mutval drag from {24) and {25) we have

(29

-c,(2-5+ Zsr)yo}




23k

[Cz + CII(-I - Cz)ya] (3 * t)-? i
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ONIMTIONS OF MUTUAL ...

IJ+t-Kk

Since C;>0 and 2-s+2sr20 for the all real scattering
mechanisms and for each spectrum of electrons with s21/2,
from {29) we obtain that the mutual drag leads to the decrease
of e, both in the parabolic and nonparabolic cases.

Let us consider now the thermoelectromotive force under
conditions of the strong mutual electron-phonon drag. This
takes place when the electrons and phonons are scattered
mainly by each other (k=¢t, n=1,r=-t/2,1<=1). In this

case 9,9, and from (27) we obtain , __ E% vfo((?)) .
HT) wolT

Consequently (24) and (25} takes the forms:

aa=—§{1—@} . 6D

T,
£3) oy
- _ii‘:’?@[l] ’ L’@ﬁsjmsz)

F e

33% Sg

The decrease of electran part of thermoelectromotive
force " tlaence o ioatual drag « . can see also from
the comparison (31} with (29). As it follows from (28) for the
nondegenetate electrons

(7Y {_T_]j[s-z] . exp[_ 5.('*"_}] >> 1.(33)
T |

BN e,
ﬁp + ﬂb
B.

v, b
t) << = 2) B, > ﬁb,ﬁ—"

£ e

The obtained results at &,=8.>>1 are shown in the
Table. As it seen from Table the nonparabolicity of electon
spectrum strongly changes the E - dependence of electron
femperature.

Using the Table one can easily obtain the dependence of
themoelectric power on the heated electric field in the
considered cases.For instance if in (35) inequality 1) is
satisified then @ ~E’ in the parabolic, and a,~E in the
strong nonparabolic ¢ases,

» (30)

( mﬂsf
T ¢ : A1)

g
land from the comparison (31) with {32) it is seen that under
the conditions of strong mutual drag a,>>a, . Qe the

thermoeleciromotive  force mainly consists of the phonen
part.

As it follows from (32) the nonparabolicity of electron
spectrum strongly changes the dependence of thermoeleciro-
motive force on the electron temperature. Under the condi-
tions of strong mutuat drag thermoelectromotive force incre-

ases as @ ~ Tj’rz for the parabolic, and as & -~ T: for
the streng nonparabolic cases.

The dependence of 3. on electric field intensity in the
absence of mutual drag (y.—0) were considered elsewhere
[6]. Here we investigate the E-dependence of &. under the
conditions of the strong mutual drag {3.—1). In this case

J,=J. and the electron temperature is determined from the
energy balance equation

-l s—-l-( *C=K=~n
]J 2(2‘1‘9’_]{ 2]‘1 ok )9311:-_—# Vrg(T)

[1] X.L.Lei J.Phys. Condensed Matter, 1994, 6, L305.

[2) D.Y.Xing, M Liu, JM Dong and Z.D.Wang. PhysRev,
B, 1995, §1,2193.

M. W WuN.J M Horing and H.L.Cui Phys Rev. B, 1996,
54, 5418.

B.M.Askerov. Electron Transport Phenomena in Semi-
conductors (Singapore: World Scientific), 1994,

2
Uu('ge)E = W, (Se) (34)
_ CTee pe et ane o Dyt 0 plens
10 the “thermal reservoir” of the SW phonons. Here we
eonsider the following limiting cases:
V.
> —=; P, << p’b,& S>> -t (35}
Ve B ¥
~
Table. Dependences of 3. on E in the conditions y, -1
5=1/2 S
Case 1) 9, g% .9;2“"
Case 2) 9'_"5!/3 9€~EI/5
Case 3) .9.?*5"'/“ Se'-f.'y’
[51 MM Babaev, T.M.Gusymov and A.A Katazov. Phys.
Status Solidi (b), 1984, 125, 421.
(6] T.M Gasymov. A.A. Katanov and M M. Babaev. Phys.
Status Solidi (b), 1983, 119, 391,
[71 L.E.Gurevich and T.M Gasymov. Fizika Tverdogo Tela.
1967, 9, 105.
[8] MM Babaev, T.M Gasymov. Fizika i Texnika Polupro-

vodaikov, 1980, 14, 1227, -

M.M. Babayey, T.M. Qasim

GUJCLU ELEKTRIK SAHOSINDS YERLOSDIRILMIS CIRLASMAMIS KEYN YARIMKECIRICILORININ
QARSILIQLI ELEKTRON-FONON SOVQU SORAITINDS TERMOELEKTRIK HORSKST QUvvest

Elcktron vo [ononlarn quzmast vo qargihql sdvgii garaitinde airlagmamiy Keyn yanmkegiricilorinin termoctek trik hafa!(al qi_i-.t'-
vosi 1adgiq edilmisdir. Elekironlarnin spektri ikizonali Keyn formasinda potirdlmiisdir. Gostarilmisdir ki, elekiron spekirinin geyri-

13
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parabolikliyi termoclektrik hareket quvvosinin qiymating gicli 12'sir edir va onun elekiron temperaturu T.-dan, ¢lace da qizdirict
elekirik sahasinin intensivliyindon asilibglanm deyigdirir. Giicli elektron-fonon sévqii jeraitinde termoclektrik hereket givvesi,

dsason, (onon hissedan leskil olunur. Bu garaitds parubolik halda termoeiektrik hereket qiivvasi ~1":“2 kimi, gichi geyri-parabolik

halda isa ~ T: kimi arur.
M.M. BaGaes, T.V. Macwim

TEPMO3AC B HEBLIPOXKIEHHLIX KEAHOBCKUX TONYTIPOBOAHUKAX, HAXOISIIUUXCS B
CHABHOM IJEKTPUMECKOM IMOJIE B YCNOBUAX B3AMMHOIO YBJIEYEHMS JJEKTPOHOB
H POHOHOB

Hecnenonana TepModiic B8 HeBLIPOXkICHHEX KEHHOBCKHX NONYNPOBOIHHEAX © YHETOM Pasorpepa eKTPOHOB H (JOHOHOE, a Takke HX
DIAHMHOCO YBACUEHUA. CnekTp 3MEKTPOHOB npeanonaracTcs KeHHoBCKMM b AByX30HHoM mpuGamxkecHus. [Mokasano, uto denapaBonuy-
HOCTL COLKTPA SHAYHTEALHD BAMACT Ha BEAHIHHY TEPMOIAC H HIMEHART JABHCHMOCTH TEPMORAC OT MNEKTPOHHON TEMIEPATYPHI Te, @ TAKKE
OT CPELOWIEro 2AEKTPHAECKOTO Mo, B yCIOBHAX CHABHOTO BIAMMHOTO YBACHSHHA TEPMOIAC, B OCHOBHEOM, COCTOHT M3 doHoHHOH vacTh. B

3z

3
ITHX, YCTOBHAX B uapaﬁonmecncou CAYYAE TCpMOIOE ~ Te » 4 B CHALHO chapaﬁonwlecmu Ciryyac — Te .

Hama nocmynaenus. 28.04.00 Pedarxmop: .M. Nawumzade
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BJHSIHHE TEPMOOBPABOTKH NOJJIOKEK Pb,.Sn,Te HA CTPYKTYPY

SMUTAKCHANBHLIX IIEHOK PbTe,.,Se,

M.HA. ABAYJUIAEB, H.P. HYPHEB
Hucmumym Domosnexmponuxu AH Asepbaiidocana
370141, 2. baxy, ya. D. Azaesa, 355-t keapman

I.IAJEKIIEPOB, PM.CYJATAHOB
Hhiecmumym @Quzuxu AH Azepbatiosicana
370143, 2, Baxy, np. I. Hoxcasuoa, 33

Metoramn pesTTeoaANdPAKTOMETPHH U 3RCKTPOHHON MUKPOCKONUM HCCNENOBAHO BAHAHKE TepmooGpaboTin noamoxe
{x=0,2} Ha cTpYRTYpY 3nHTakcHanLuux nnenok PbTe,,Se, (v=0.08). YCTanOBNCHO. 4TO INHTAKCHARLKLIE NAcHKA PbTe, ,Se,
42 noanexkax Pb,..Sn Te, noapeprapoHxcs kPaTKOBpemeHROR TepMooGpaGoTre npu Temnepatype 500 °C, obnanawor Gl

CTPYKTYPHBIM COBEPILIEHCTBOM.

B nocrensee BpeMA 3NHTAKCHANGHOMY BHIPALLMBAHMIO
TOHKMX [ONYTIPOBOOHAKOBLIX {INEHOK YIENRETCA TOpasio
BoMmblue BHUMAHKHA, YeM KOMAa-nubo, BCAeacTBHe HX WHpO-
KOro NPHMEHEHHA B CO3AGHWH Pa3iWuHmX NprGopos u e
MEHTOB MUKPOMICKTPOHUKH, CTPYKTYPHEIC COBEPIUEHCTEA H
INEKTPoPHINYECKNE NapaMeTpel TMACHOK, B CBOIO OYEpPEAD,
TeCHO CBAIAHBI € KPHCTAIHYIECKOM CTPYKTYPOH H COBeplLIeH-
CTBOM ROBEPXHOCTH Noanoxex. B HacTosee ppems MpAMbl-
MK MOTOMAMH HCCNENOBAWMS CTPYKTYPHBIX XAPAKTEPHCTHK
KPHCTARNOB ABNAIOTCA PEHTTEHONNGPAKTOMETPHA, INEKTPO-
HOTpadHA, MEKTPOHHAA H HOHHAR MUKPOCKONAA, BHpaKLAA
HEATPANLKBIX H 3APAXKEBHBIX YACTHL K T.0T.

B naunHol paGoTe METOHOM PeHTEHOAHPAKTOMETPHI N
IMNEKTPOHHOA MHKPOCKONHH HCCNEAOEARO BIHAHUE TepMooh-
paboTkn nownoxkek Pb, ,Sn,Te (x=0,2) Ha cTpyKkTYpHOE €O-

0'7 ) 0‘7 E s
. OTH.68 Paomn.en
0,51 0,5
0,31 0,31
0.1 0,1
o {0-0: 4 yra.c. o ) (0-0;} yrore
-?IOO 0 200 =200 0 200
a) 6)
Puc. 1. Vrnotee 3aBHCHMOCTY koM bUUHEHTOR OTpaKEHHA ok PbTe ), Se, (¥ = 0,08), pulpalllcHHLIX Ha [TOAN0KKAX
Pby.<Sn, Te (x= 0.2).
a) Ao TepmooSpaboTky noanokex { Wli,lg =30)
6) nocne repmoobpadorks noanokex npu 500¢C (WI?; =60 }.

BEPLIEHCTBO MMTAKCHAILHLIX neHok PbTe,,5e
Heenenosanya NPOBOMMNKCH H8 TPEXKPHCTANY
HoBckom crekTpoMeTpe TPC {1] B neyxkpuctans
Me H ManorabapHTHOM PacTPOBOM INEKTPOHHOM
ne 09HO7-100-005. ¥notpebnanocs Cuky - wam
penrrenosckoli TpyGkn BCB-24 (U=25 kB, J=1
HECTRE KPHCTANA-MOHOXPOMATOPAa HCNONE30
tanaut Pb,,Sn,Te (x=0,2} nnockcerero (100).
PEHTTEHOBCKOTO TYYK2 MO BLICOTE H LUNPHHE
Nach NpH NOMOLUY [OPUICHTANLHON H BEPTUK
B naweM cAyyae naouialb KPHCTANLE, OCBELLS)
HOBCKHM JTyM0M, coctaBiana ~ 0,5 MM,
3nutakcHanbHbie AneHkn PbTe,Se, nonyy
noxkax Pb),Sn,Te B chepXphicokof BaxyyMHOH
BeIMACNAHON OTKAYKON, METONOM “‘ropayeil cTe




Cnenyet 0TMeTHTE, YTO napameTpsl pewetox Ph,.,5n,Te
(x=0.2) u PbTe,,Se, (y=0,08) HMEIOT ONIMHAKOEBRIE IHAYEHHA
v paeabl @ = 6,44 A, Takoi BbiGop OBYCNOBACH TEM, 4TO CO-
TRACHO [3] BNA NOAYHEHMA INKHTAKCHARLHLIX neHok ¢ Goaee
COBEPLIEHNOIT CTPYKTYPOd M BHICOKHMH MekTpodHIHYecKu-
M}t napaMeTpaMu  HeobXOZHMO HCNONBIOBATE TOMIOKKH,
HMEHLUHE HIONEPUONKUECKYIO CTPYKTYPY C BhbipalidBaeMo
nnedkon.

Kak w3BecTHO, GAHHM H3 BOIMOKHBIX AKTOPOR, RIMAI-
WHX HA CTEReHb COBEPLUICHCTBA KPHCTAMTHYECKOH CTPYKTY-
pbi INHTAKCHAIILHBMX C/IIOEH, RBAACICH CTENECHb “HCTOTHM RO-
BEPXHOCTH AOBAOKKH., OCTATOMHOE JANPAIHEHHE Ha NOBEpX-
HOCTH KpHCTﬂJ'U'Ia-I'IO}U[O)KCI( HPHBOAHT K 06]38305&1““0 pa)-
ARUHEX  AederToB B BBIPALEHELX HA HUX naeHkax. O6biy-
HO, TAKHMH EEI'pSIEHEI{HHMH ABAAIOTCA TOHKE OXHCIIb], 06[)3-
30BAHHLIE HA MOBEPXHOCTH KPHCTANNOR B BRIE BRAKHCHNS,

B €334 ¢ BHILIEHANOKEHHEIM, € HENLIO OYHCTKH NOBEpX-
HOCTH MOLMOKEK 0T YKAIAHHBIX JAFPAIHEHUHA, MOHOKDHCTAN-
JIMMECKHE MAACTHHE Pby,Sn,Te, ¢ nonywdpuko# kpusoit ka-

“AHHA PeHTreHOBCKOR Anppakun W 7"=40+45", nepen

NPOLLCCOM BBIPALIMBAHHA Ha HHX IMHTAKCHANBHBIX IUICHOK
PbTe,,Se, nonpeprankck kpaTkoBpemMeHHON Tepmoobpalor-
ke. MeTogaMn peHTreHOAN(PAKTOMETPHH H INCKTPOHHO-
MUKPOCKOMHH O6lT0 HCC/ICAOBAHO BAHAHAC YKAJaHHOH Tep-
Mo0BpaboTki nOZNOMEK HA CTPYKTYPHOE COBEPLUCHCTBO
MUTEKCHATLHWX {UIEHOK.

Chavana snuTakcHaTbHbIE Tekkd PbTe, ,Se, Goutd no-
AyqeHsl Ha nognowkax Pby,Sn.Te npu T,..=400 °C, bez ux
npenrapuTensHoi TeproofpaGorkn. lanee 3TH mreHkd OuuTH
nony4eHsl Ka nomnoxkax Pby.Sn.Te mpeasaputensHe noa-
BEpPraBUIdcCA KpaTKOBpeMeHHol TepmooGpaboTke npu pas-
JNHUHLIX TeMaepaTypax (450, 500, 550 °C).

HccneaoBanuA, NMPOBEOCHHBIC BHILIEYKA3aHHLIMH METO-
ZAMH, NOXA3and, YTO IMHUTAKCHAAEHble micHxH PbTe,,Se,,
nomyveHHste Ha poinokkax Pb,,SnTe, nomseprapuuxca
HPATKOBPEMEHHOMY OTHKHIY npu TemnepaType 500 °C B Te-
UeHHe 3-5 MUHYT, HUMelOT Gonee COBEpLIEHHYIO CTPYKTYPY,

T.e. WX CTPYKTYPHOE COBEPIEHCTBO IHAYUTEABHD YNy WaeT-
in
ca (no TepMoobpaboTt noanowek Wy, =807, nocxe TepMo-

obpaloTky noaiokex W J:,I'; =60") (puc.1 a,6), m NOBEPXHOCTD

NIEHOK CTAHOBHUTCA 3¢PKANbHO-rnamkol, ©Gei bprmoueHuii
(puc.2).

Puc. 2. IneKTPOHHOMUKPOCKONHYECKAS KAPTUHA NOBEPXHOCTH
nnenok PbTe,.,S¢,. Bupalilenibix Ha Pby.,Sn,Te nocae
TepmoobpaboTks noaneskex npu 500 °C (x 15000 ).

Taxum 00GpaloM, YCTAHOBNEHO, uTO NpeABApPHTENLHAS
Tepmoobpabotka monnowex Pby,Sn,Te npn Temneparype
500 °C npHROAMT K YAYYLIEHHIO KPHCTANNWYECKOrO COREp-
WEHCTBE BhIPALEHHBIX H3 HHEX 3IMHTAKCHANBHHIX TNEHOK
PbTe,.,S¢,.

[1] MB. Kosmwwyx, 3.1 Kosees u dp. TITD, 1976, Ne 1,
c. 194 - 197.

(2] H.F Hvpiues, 210 Caraes, M.H ABGdyrnaes, J.4. Ax-
sedos. [pnknagsas funka, 1999, Ne 3, ¢. 126 - 129,

(31 AL Mexmuee. M H Huxonraes u op. ©TTN, 1986, 1.20,
Ne 8, c.1388-1391.

M.I. Abdullayev, H.R. Nuriyev, E.S. Dlakbarov, R.M. Sultanoy

Pb1,Sn.Te ALTLIQLARIN TERMIK E'MALININ BU ALTLIQLAR UZSRINDO ALINAN PbTe:,Se,
EPITAKSIAL TOBOQALORIN KRISTALLIK QURULUSUNA TO'SIRI

PbiaSnaTe (x=0,2) althglanin termik e'malinm bu althqtar iizerinde alinmis PbTerySey (y=0,08) epitaksial teboagalorin kristallik
qurulusuna @'siri rentgendifraktometr v elekwronmikroskop metodlan ile tedqiq edilmisdir. Te'yin edilmisdir ki, 500 °C tempera-
wirda qsa muddadi termik ¢'mal olunmug althglar Gzarinda alinan PbTe,Sey epitaksial tebagalorin kristallik mikammalliyi

yiiksalir.

M.I. Abduitayev, H.R. Nuriyev, E.Sh. Alekberov, R.M, Sultanoy

INFLUENCE OF THERMOTREATMENT OF Pb,.,Sn,Te SUBSTRATES ON STRUCTURE OF EPITAXIAL
FILMS PbFe,,Se,

The influence of thermotreatment on propertics of Pby,Sn.Te (x=0,2} subsirates is investigated by means of x-ray difractometry and
¢lectron-microscope methads on the structure PbTe, Se, (y=0.08) epitaxial films.
It is established that under centain regime of substrate thermotreatment (short-term thermotreatment at T=500 °C) the epitaxial films of

PbTe,.,S¢, obtained on its base, have higher perfect structure.

Hama nocmyrwenun; 24.02.00

Peoaxmop: FO.I". Acados
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BJIHAHHE OPOCTPAHCTBEHHOT' O 3APSJIA HOHOB HA TUCHEPCHOHHBIE
XAPAKTEPHCTUKHN 3HEPTO- H MACC-AHAJIH3ZATOPOB

. K.3. HYPMEB, H.A. MAMEJIOB, T.K. HYPYEEHJIH
baxurckuii locyoapcmeennviii Yuusepcumem um. M Pacyrzade
3701435, baxy, yn. 3 Xanurosa, 23

B npeacrannennoii paboTe NpeANPHHATA MONBITKA YMETa BAMAHNA COGCTBCHHOTO JAPANA HCCIICAYEMbX HOHOB Ha XAPaKTEPHCTHKM Bpe-
MAMPONETHOTD MACC-CIEKTPOMETA ¢ OCECUMMETPHUHEIM YUacTKOM Apefitoboro NPOCTPAHCTEA H LHAHKHIPHIECKOTD JHeproatanulaTopa. B
padoTe OMPENENCHE! KDUTHUCCKIE IHAYECHUA TOKA HOHOB, BHIABACHO, YTO NIPH TOKAX HOHOB HHXE KPHTHYECKUX IHAYCMEAN NIpEaCTaBIaeTCs
BOIMOKHOCTE HIGEHATE HpperTOR, 0OYCAOBNEHHMK MPOCT PAHCTBEHHEIM 32PAAOM.

Pa3BHTHE HEKOTOPHIX HANPaBAeHUH HAYKH Hepelko cbs-
338HO C HEOOXOAHMOCTEIO H3YYEHHR OOBEKTOB HCCNENOBAHHA
HZ MONEKy/pHOM YpoBHe. B pelleHud rakoro pofa sajay,
CBAJAHHBIX € H3YMCHMEM INEMEHTHOrO H MOJEKYRAPHOTO
COCTABA BEIWIESTRA, OTHOCHTENLHONO CONSPHAHMA aTOMOB M
MONIEKYJ] H KHWHETHKH W3MCHEHUA YKA3AHHHIX XapaKTepUCTHK
BO BpeMeHH MACC-CIEKTPOMETPHNECKUI METOA NPEROCXOANT
ApYrHe METonbl CBOEH WYBCTBHUTENBHOCTBIO, OHICTpOHEHCT-
BHEM M BOCHPOH3BOOHMOCTEIO PEIYIBTATOB. B CBAZH C 3THM
MAcc-CTIEKTPOMEIPHYECKHE METONB RONyuwni GypHoe pai-
BIITHE, NOABKNOCH GORBINGE MMCMO HAay4HeIX paboT, noceA-
IEHKEIX AMOAPATYPHEIM H METOAHYCCKHM acnexTaM [1-5].

Heemotpa Ha GonbioR NOTOK MAcC-CMEKTPOMETPHYES-
xofl HHGOPMALIH, MAO BCTPEHAIOTCS CBEXEHHA O Bo3TedicT-
BU'H DA3AHYHLIX GHIHYECKHX npoueccoB WnH 3QexToB Ha
XBQPAKTEPHCTHKH JHEPNO- M MAGC-aHANAIATOPOB, YTO HE MMo-
IBOAET QUEHHTD MX PEANbHBIC BOIMOKHOCTH W NPUHLMHIH-
a7bHbIC OTPAHHYEHHA MeTOAA.

Tak, nHanprMep, oiHofl M3 APHUYHH, OrpaHHUYHRAGIMHX
pazpellasILyIc CNocoBHOCTL BPeMANPONETHEIX MACC-CNek-
TPOMETPOR, A0 HENABHETO BPEMEHH, CUMTAICA HauanbHbIH
pazBpoc CKOPOCTEH HOHOB. B HAacToALIEEe BpPEMA M3BECTEH
psl METOHOB W YCTPOHCTB, 0GECneYHBAIOWMK IHEpPreTHYe-
cky10 OKYCHPOBKY R YUMTBIBAOWIWX KpaeBhie 3ddestol
aHANNIATOPa, HCKAXKAIOWAE TPaekTopHH vacTau [6-9]). Mpn-
MeHeHHe ITHX METOHOB MOIBOAHAC MOCTPOHTE NMPHEOPH! ¢
AOCTATOMHO BHICOKHMH PpaspelseHdeM H YYBCTBHTENBHO-
eThio. JIAMbREMIUNA TYTh YAYYLWIEHHS AHCMEPCHOWHBEX Xa-
DAKTEPHCTHK TAKHX YCTPOHCTS, HA HAW B3CNAL, EKHT HEpe3
YYET M YCTpaHeHHe (hakTopos, ¢BAAHHBIX ¢ (PHIHKO-IHHA-
MHUSCKHMY MAPaMETPaMH HCCTICAYEMLIX HOHOB,

OfHHM ¥3 TakaX NAPaMeTpos ABNAETcAa cobcTeeRmbii
obvemubit 33pan HoHob. [JeicTBHTENEHO, npi GonbHIMX
ANOTHOCTAX TOKA HOKOB cOOCTBEHHRI 3apaAN Myuka (NakeTa)
PEIKO BOIPACTAET H HAUMHACT 3AMETHO BILMATH HA XapaKTep
ux newkenua. B pesynrTate AecTBMA 00BEMHOrO 3apada
[APOMCXOAMT, ¢ GIHON CTOPOHM, PaclUMpCHHE NAKeTa HI-la
KYROHOBCKHX CRA OTTANKHBAHHA, & ¢ APYTOR - BOSHEKaIOILIee
cOOCTBEIHOE TONE NAKeTA HCKAKAST pacrlpeneneuue Anek-
TPHUECKOr0 MONA BHYTPH ananu3atopa. B satepatype BCTpe-
yakTea PAGETLE NO Y4eTY TAKOTO BIHARUA HA YOHO-ONTHYEC-
KHE XapaKTePHCTHKH 3/IEKTPOCTATHYECKHX AHANH3ATOPOB
[10-11]). Onwnako, aBTOPAM HEH3BECTHbI PaboThl, rae Gbl Teo-
PETHULCKI HITH IKCTICPHMEHTANBHO GbINO OLEHEHO BJAMAHHE
NpOCTPAHCTBEHHOTO 3apAAa  HAa AWCNEPCHOHHBIZ  Xapak-
TEPHCTHKY 3HEPro- Y MACC-BHANWIATOPOB.

B npeanaraemoli paboTe NpERNPHHATA NONBLITKA YHETa
BAMAHUA COGCTBEHHOTO 3apiia HCCHELYEMbIX HOHOB HA Xxa-
PAKTEPHCTHEH BPEMANDPOETHONG MACC-CTISKTPOMETPA € Oce-

CUMMETPUHYHBIM YYACTKOM le'EﬁqJOBON NpOCTPAHCTEBS U LH-
NHHAPHYECKOrD IHEPTOAHANKIBTOPA.

PaccmoTpum apeiidhoBbli AYTH, COCTOAIINA M3 Gecnone-
BRIX MNpsMonHHediHex £, 0 £, (pue.l) u xpusonuHeitHoro

{ry o) YUGCTKOB € OCCCHMMETPHUHLEM DASKTPHUECKHM [10-
nem, [IpeanonoanM, 4To B AHANHIATEP Yepes Lenb o BXOONT
TakeT HOROB ¢ MacCcol M H CO CKODOCTBIO Up, KMEHOLIMA
GOpMYy NPAMOYTGILHONG NApANCACANNICAa ¢ CeYCHHEM S W
TomuHHEH 2xo (OCk X HanNpaEncHa BAOAE CPEOHEH TPackTo-
PHY HOHOB).

Puc 1. Cxema Mace-CNEKTPOMETPA ¢ DCECHMMETPHYMBIM NONEM.
HH - iCToMHHK HOHOB J - NETERTOP HOHOR.

HanpaxeHHOCTE NOAA NMPOCTPAHCTBEHHONO 3apala HOHOB
Ka nepenHed H 3amned TpanHuax (MACCKOCTAX) TaKeTa Ha
BCEeM NPOTAKeHMH MyTH GyaeT pabeH

L, - Ne
£, 26,58

E =

rae N - KORHYECTB) HOHOB B [IAKETE, ¢ - 3apAA JNEKTPOHA
(APEANONAracTCA, YTO MOHbI OJHOZAPAAHME), & — AMIACK-
TPHYECKAR NOCTOAHHAA BAKYYMA.

CunTas nakeT CHMMETPHYHLIM OTHOCHTENLED TNOCKOCTH
K=Xm paccuorpuu }'IJJHPBHHC NaKeTa B Hal’lpaBJ'[eHHH ABH-
xeHHg. Torna ypaEHeHKe ABIDKEHHA Nepeanero dpouTa na-
KETa OTHOCHTEABHO CepeiniB Moj NeilcTakeM nona £ Gyner
VMMETEL BHI

d’x Ne® m

dt’  2Me,S5 .

roe M- ycpeAHeHHas Macca HoHa. Pewan (1) npH HauaneHLIX

yenosuax x|, = Xo | o o, nonyduM NOTYLIHPHHY
dtl,_,

naxeTa B KoHUE MyTH ¢




x=1/2(2x0+At]} | )
_ Ne? p oo L
2Mzg,S Y,
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M3 yCcnoBHMA pAIAencHUA ABYX MACCOBLIX MUKOB MOXKHO
Hanncats [1]
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3aBHCHMOCTL  YAERALHOH AWCHEPCHH M paspeantueti
CTIOCOOHOCTH dHanHIaTopa OT MNOTHOCTH TOXa HOHOB HMCET
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rae Rp— paspeularuias cnocoOHOCTs aHaH3aTopa Ges yueTa
APOCTPAHCTBEHHOTO 3ApHaA.

Ha puc.2 npeactasncHa 3aBHCHMOCTE YACHLHOR AMCnep-
CHH aHANH3aTOpa OT BENHYMHE! 06HLEMHOTO 3apana Ing pas-
HBIX X,

Kak BUORO H3 PHCYHKA XOA KPHBLIX Ka4eCTBEHHO OAHHA-
KOB, i NPY 3HAYEHHH TOKZ, OOpeaenieMoro MAHHOH npelido-
BOFO OYTH (5) M HauyaNbHLIM JIHEPIreTHMECKMM pa30dpocom
(xp), ynensHan OHCTICPCHA NPHORHKEETCA K L, 4TO COOTBET-
CTRYST HapyLIeHIDO yoaosua (9), JTo cornacyerca ¢ 0CHOB-
HBEIM yCHOBHeM paﬁoru BPCMSII'IPOJ'ICTHOI"D Macc-cnekrpoue'r-
pa BHicOKOTO pajpewenns. Tak, Hanpumep, ecau npu
xp = 1,74.10" M II0THOCTE TOK2 KOHOB, COOTBETCTBYHOLNAR
Hapyienmio ycnobss (9) pasra 4,76-107 AM’, TO npH
Xo = 2-107%m, J = 3,8.107 A,
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Puc. 2. 328HCHMOCTS YIENBHOA JHCNCPCHH OT TIIOTHOCTH HOHO-
T0Ka X -%g=1,7-10%, 4 - 2,410 0-7.0-10",

Ha puc.3 npusenena 3aBHCHMOCTE R/Ry OT T0KA HOHOB B
nakeTe A4 palMMHLIX CEUEHH NakeToB {5). Kak BUAHO U3
pUcyHKa BeNMUYHHA ROHHOMO TOKA, NPH KOTOPOM BITHAHHCM
NPOCTPAHCTBEHHONO 3apAfa MOXHO nperebpess (R/Ry »0,7)
CMEeNaeTcA B GONBUTYIO CTOPOHY C YBENNYEHHEM 5.
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TOpa TaK M nonell, o0YCIOBNERHBIX COGCTBEHHMX 33pAnos
YOHOB.

HspecTHO, 4TO Ha HOHHLIA Naker, ABKWKymalics 8 paau-
ANLHOM NONIE UMMBHAPKYECKOTe NOAA, AEHCTBYET KBAIHYN-
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K3 HYPHEB, HA, MAMENOB, 7 K, UYPYBERIN

HAGTCA, M M2KET CTAHOBKTCA HEYCTORUHBLIM. ITe 0OycioB-
NEHO TEM, YTO BHYTPH DAKETa Pe3yAbTHUPYHOWAaA <HAd
Fp=F,+F. Kanpap/cHa OT paBHOBECHOR MOBEPXHOCTH Ar={
i BO3PACTAET C YBEMMHMEHHEM Ar (pHC4).

.I I i

Puc.4 Cunml, USHCTRYIOWAC HA HOHE! B QCCCHMMETPHYHOM
) ‘jJ'IEKTpH"lECKOM nome.

Ecid Fo>f, . TO MOJIOKESHUE HOHOB CTAHOBHTCA HEeyc-
TOA4HBBIM, M oHH GyAyT OTTANKLBATLCA OT LUCHTpa Makera.

Onxako, 3a NpeaelaMu NAKETa HapacTaHHE PACTAIKHBAKK-
WeH CHABE NPEKPallacTeh, TOMAA KEK BO3BPAWE@ILAA CHNA
NpoLCRXaeT pacTh. B Wrore nonyuaetca RRe ycToiluuBble
TOUKM, 23", B OKPECTHOCTH KOTOPRBIX PEIYARTAPYHLLAR ClNa
HaMpasAcHa K THM TOUKAM H BO3PAcTAET M0 MEPe YAMICHHA
OT HHUX. JTO O3HAYAeT, 9T0 ABWNYWHACA B 3GKCHANLHO-
CHMMETPHYHOM 3NEKTPHUSCKOM TIONE HOKHBIA NakeT 1OM#eH
PACIUENNATLCA HA ABA YCTOHUMBLIX TIAKETa, kOTOphie cobi-
paloTca e0NHIN NOBEPXHOCTEH, MPOXOORIIMX YEpes TOUKH

“aa” (oM. prc.d).
z 2
Takum ofpazoM, yCHORHE &, = 2w, ABARETCA KpuTe-

PHEM NEPEXOAA K PEHHMY, B ROTOPOM MYHOK PaciUeniseres.
OnpenenseMblil U3 5TOTO YCNOBHS KPUTHYECKKH TOK paBeH
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1
Ug M, I,
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DKCNEPHMEHTATLHNE HCCASOOBAHHA AMANHTYAB MACCO-
BhX NHKOB HA BLIXCHE aHa.nmaropa NOoKA3anu, 410, HAYHHAA
€ HEKOTOPOrG 3HAYSHUA TOKa HOHOB, HaGMIOAAETCH YMEHb-
HIEHHE AMIIHTYALI C YBeAm4eHuem ;. [IpH noCTiDkeHuH
KPHTHYSCKONO 3HAYEHHA HEKOTOPBIE NHKH CNCKTPA HCHEIAOT
BOBCC.

Takum obpazom, utobe wibexate 3¢dexron, ofycnos-
NEHHBIX MPOCTPAHCTBEHHEIM 3apAioM HeobxoanMo paboTaTs
[EPH TOKAX, HE TIPEBLILIAICUIHX JHAUEHHE, ONPENENAEMOE Bbl-
pameHHeM (15).
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pHueckiX  NpHOOPOR H DEKTPOMATHHTHBIX YCTaHO-
Bok™, M.; AnexTpoaTomnsmar, 1983
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[10] A.J T Hoimes Beam Transport. Radiation Effects 1979.
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(11] K.Z Nuriev, N.AMamedov, T.K Nurubejli. Second in-
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tatuonnal Application Baku September 1-3 1999, p.84.
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K.Z. Nuriyev, N.A, Mommadov, T.K. Nurubayli

JONLARIN HOCM! YUKLORININ ENERJI- VO KUTL® ANALIZATORLARININ DISPERSIYA XARAK-
TERISTIKALARINA T2'SIRL

Taqdim olunmuy megaleda, todqiq edilen ionlann hacmi yiiklorinin, haraket vaxtina gore farglanan kiitla spektrometrlerinin
dispersiya xarakteristikalarima ta'siri 6yrenilorak, mieyyan edilmisdir ki, ion careyamnin miyyen kritik giymetinden asafs: qiymet-
larinda hacmi yiiklerin (@'sifi ile elagedar olan cffcktler miigahide clunmur.

K.Z. Nuriev, N.A. Mamedov, T.K. Nurubeyly

THE INFLUENCE OF THE SPATIAL CHARGE OF IONS ON THE DISPERSE CHARACTERISTICS OF
ENERGY-AND MASS-ANALYZERS

In this article the influence of own velume charge of ions on the dispersion-characteristics of the time-span mass-speclrometer and the
drift space which includes axial-symmetrical electrical field arc considered. It is shown, that the field of own volume charge in the ion packet
causes the broadening of the packet in the longiwdinal direction, which i turn leads to the deterioration of resolution and specific dispersion

of mass-analyzer.

The expression for the value of maximal density of ion curvent, of which the selection of two mass paaks is vet possible, is obtained.

JHama nocnymennn: 05.04.00

Pedamop: A M. Fowunioa
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JJNEKTPHMECKHE XAPAKTEPHCTHKH 'PAHHIIBI PA3TENA H3O0OTUITHBIX
JMEHOK MOHO-IIOJHKPHCTAJNJIHYECKOI O KPEMHHA

s.10. TYCEHMHOB
Baxuncrxuii Tocyoapemeennviti Yuueepcumem um. M A. Pacyasaoe
370148, . Baxy, ya. 3. Xanunoga, 23

Hccnenoaanu MHICKTPHYECKRE xapampuc"mkn OJHOBPEMEHHG BHIPAMIEHHABIN AOKANbHLIX TUICHOK MOHO-NOANKPHCTANIH-
YECKOre KpEMHHA n-Tina npoeoasMocTH. Hamepenuem BAX, npoGuBHLIX HANPsXEHHA W TAHTEHCA YINA AMDACKTPHYCCKRX
MOTEPb YCTAHOBMEH?, YTO UX MOKHO HCTONL308ATh 112 G0KoBOR H3onIuMy sneMentos HC,

Co3panne uHTeTpaNEHLIX cxeM (MC) cTano BOZMOXHEIM
GNaroaaps MOABREHHIO MNAHAPHOK TeXHONOTHH W paspaboT-
ke Ha 5Toit ocHoBe ¢mocOBOR ANeKTPIUeckoH HICHALHK COo-
CTABNAIOUINX ee 3NeMeHTOR. B HacToMILee BpeMA OCHOEHBIE
MeTonsl HionauHy HC MOXKHO pasReNHT: Ha TPH OCHORHBIN
Knacca - H30MAUUA OOpaTHO-CMEWIEHHBIM D=1l ACPEXOMOM,
[TONHAA WIONALLHA TOHKOH IUNEHKoH AMEKTpHKa H KoMOH-
HUpoBaKHaA w3omaLma [1].

H3onsauna ofpaTHO-CMEILICHHBIM P-N TNICPEXCHOM HMEET
pAI HeNOOTaTKOB, NofyauBiunx paspaloTHHKOB HA4aTh HH-
TEHCHBHbIE TTOHCKH HOBBIX METOAOB M30onz0HH. OCHOBHLIE 13
HIEX CeOyIOLIKE; HeODXOAMMOCTL NONRMH 06paTHOrO Hanps-
JKEHNA CMelleHHd Ha H3OMMPYIOWRMI p-n nepexod, HATHUDE
(pOBORMILEH NOMWTOKKY, OONMBIIME NIpaINTHRIE eMKOCTH,
orpaHYuHEaoLERe GrcTpoNeHcTENE, 1 HH3Kad YCTOMHBOCTE
K BO3NEACTEHIO pamHauui [2].

KoMBuHUpOBAHHAS W30MALMS codeTaeT GOKOBYIO au-
BNEXTPHULCKYI0 H3ONAUMIO ¢ HAONALIMEH P-n TIEPEX0JIOM Me-
HIY SATAKCHANLHOMN meHKoi W mounoxkol. Takas xomGa-
Halkd A3AET BOIMOKHOCTE MOBLCHTH MIOTHOCTE KOMNOHOBKH
MO cpaBKeHHio ¢ A3oNAHell Tonkol nnenkol Si0; u ymys-
Wity GeiCTponedCTEHE 32- CHET YMEHbBIIEHHA EMKOCTH pas-
BOOKK H2 MOMIOKKY. CYHIECTBCHHO YAYHLIANOTCA TakkKe H
YCI0BHA TENROOTEOAR, NO CPABHEHAIO ¢ NONHOH ANANCKTPY-
YecKoH HIOMALMEH, MOCKOJEKY B JITOM CAYTae IJICMEHTL
OTAENEHDBI OT KPeMHHEBO! NOATOKKH He TICHKOH, a p-n ne-
PEXOAOM.

OHHHM H3 TAKYX METOHOB fABMAeTCH kOMOHHMpOBAHHAS
H30NALNA, B KoTOpoil GOKOBAA MIONALMHS NEMEHTOB MOXET
OCYWECTBIATLCA ¢ HOMOLIEIO TUIEHOK TIONHKPHCTAINIHYECKO-
ro kpemuna (TIK), nokamno cHOpMHPORAHHEIX B NIpoLEcce
IMUTAKCHANLHONO  HAPAIUMBAHHA  MOHOKPUCTATHYECKHX
fineHo k. BosMoxHoCTs TaKkoH waonaunu 6Lina nokasala B [3]
Ha NpMMepe HHTETPaNbHOH CXeMbl W', 8 KoTOpO#k Npume-
HAMACH MUTAKCHATLHAA {UIEHKA C YASASHBIM CONPOTHRIICH!-
em p= 5 Om-cM, noaroMy conporasnenns IIIK, sbipauien-
HbiX COBMECTHO C Hefli, SLUTH A0CTATOMHO BRICOKHMH.

Mpy¥ HW3KKX YACABHBIX COMPOTHBISHHAX JMHTaKCHanb-
uoil maedky (0,2 OM-CM), NpUMEHAEMOH 1A NOTHYECKHX
CXeM, fONY4EeHHE BLICOKMX NPOGHBHEIX HANPMKEHAR HE Oe-
BUIHO K TpebyeT MONONHHTENBHBIX HCCIEA0BAHNKA.

Ilna 3TCH UENH B KauecTse 00BbEKTa HCCHCACBaHAA Gblna
IICNORL30BAHA Pa3palOTAHHAA W BHEIPEHHaA B CepHiiHoe
npoussoacTeo norwteckas HC 155J1H2, npencramnsiowsas
coB0i WECTh HHBEPTOPOB ¢ OTKPHTHIM KOMNEKTOPHLIM Bbl-
XOAOM. DbIfl HIrOTOENCH AOMONHITEALHbIH, HeraTHRHLIA do-
TOWABAOH, 3AMEHAICILAN ONepalliio BCKPHITHA OKOH noA
pasgenurenbiy:e Inpdy3Hio Ha NPOTUBONONONKHYKD, Ha
THX MecTax ocTAaEmuIHes Macku Si0; , HA KOTophie 3aTeM

HAHOCHIIMCE 3ATPABOYHEIE CNICH, W BHIPAWIMBANCA 3MHTAKCH-
ankueE c1ol cOrmacHo TexHosorsu [4].

TIOCKONBXY TONOKHA SNHTAKCHANGHOM IUICHKH h=6 MkM,
TO MMHUMANEHOE PACCTOAHKE Mekly HIONEPYIONIMMH p-h
nepexofaMi NpH GOTOHTOTpadHYECKOM PaMepe OkOH NoJj
paslenuTeibHylo AHdGYIo 6 MKM, cocTapmaer 18 MkM.
Yuureieag pasroxky §asbl B GOKOBOM HANPaBNEHKHH HA TAaKoe
e PAacCToAHKe, KAk W B TOyGHHY (2,5 MKM), a Takke ¢oTo-
nuTorpadieckde AQMycKH, Kpal GaloBofl ofnactn Tpan3n-
€TOpa ClefyeT pacnofarare Ha PaccTOAHMA, paBHOM RBOH-
HO TONWHAHE [VICHKH, oT Kpaa $oTonHTOrpadHueCkore okHa
RO pasAenHTENbHYI0 Auddy3mo.

[pnmenenne [IMIK mns wsonauun snemenror HC we-
KNKOYaeT M3 TeXHOAOTHYECKOTC MAPLIPYTa AJHTENLHBIA W
BLICOKOTEMNepaTypHLi npoliece pasnenuvensHoll audgy-
3MM ¥ 3HEYUTENLHO COKPAIAET MIOLAAL KPHCTANma, Mo-
ckoneky Gopmuporakmne IIIK Ha Macke ABYOKHCH kpeMHUs
npoucxoIuT He3 6okoBOro pocra. ITO NO3ROALET pacnona-
raTh oOmacTH Oa3nl Ha PaccTOSHMA DABHOM BCETO OOHOM
TOMLKHE MNEHKH OT POTONETOrPadHYECKOTY OKHA H30MA-
UMK,

IR HecAenOBaHMsA MONYHEHHBIX CTPYKTYp Obna H3rTo-
TOB/IEHA TECTOBAA Pa3sBoOMKA, MOSBONAIOILIME HIMEPATL NPO-
ONBHbIC HANPAXCHRA, TOHTEHC YrHa IRIICKTPHYCCKHX 1IO-
TEph M TOKH YTe4KH B JHAMA3CHE palouX TEMNICPaTYp Mex-
Ay KapMaHAaMH ¢ pasnaTHol mHpHHol wioaauuun. B rabnuue
NpHBE/ICHE 3HAYeHEA NpOOHBHBIX HATIPAKEHHH MexDy kap-
MaHAaMH N-THNA, paaieneHHBIX Mexkay coboli TTK.

Tabnuua. TIpoGHBHEIC HANPIKEHHA TICPEX0A0E (I0SH-MOHOKPEMHUHA
[pH Toke YTeukd 1 MxA,

Monoxurenshoe | Orpuuarensioe | Tlepexons
Ne CMEILCHHE Ha CMELICHHUE HA MOHQ-
MOHOOGNACTH MotoobaacTH MITK-mono
l 35 26 19
p 37 25 27
3 50 23 32
4 27 22 30
3 75 26 20
6 ] 14 32
7 35 2 52
B 60 24 25
9 10 14 21
10 70 17 19
11 20 25 25
12 23 19 30
13 20 26 27
14 35 22 28
15 32 22 23




A.10. T'YCERHOR

JasHCHMOCTE TOKOB YTe4KH OT HaNpAXeHHA B AHANAIOHC MSMBPEHHG 3ABHCHMOCTH TAHMEHCA ¥YrRa [NHJIEXTpHYE-

reMneparyp Munyc 60-150 °C ana cTpykTyp, cocToawmX U3 ckux notepe [IK nokasano, yro £gd o6nanaer MankiM 3Ha-
nRyX MOHOKPHCTANANYECKHX Kapmanos, pasneneruniX [INK,  wenuem, craGo 3apueaulsM OT YACTOTEl W BIUIOTH A0 200
npuEeeHa Ha pUc.l, U3 KOTOPOro BHAKO, 4TO RO BCEM AWa-  MITL ocraercs mewee 0,1 (phc.2).

nazoHe TeMNEPaTyp NpoGHBHLIE HANPAXEHHA HA YPOBHE TO-

Ka .!0 MKA OCcTa0TCR He MeHee 35 B. 1g, &
10 +
1, MKA 35B
0,1+
10
0,011 _—
8 -
. l T ] |
10 10 10° 10° f, T
4 -
Puic.2. 3dBNCMMOCTE TAHIEHCa YIIIa AHICKTPHYGCKHX TIOTEPE
. OT YaCTOTEL
4B
_ }P_ Bricoxne NPOOUBHBIE HAMPAMEHHAA W HEIHAYHTCABHHIC
] 17B OHANEKTPHYECKHE MOTEPH YKA3BIBAIOT HA BO3MOXHOCTH HC-
N none3osaHA IITIK ang Gokosof H3ONALHH aKTMBHEIX HJie-
mentoB waupokore knacea HC cpeanero Svictpone#icTamna.

40 0 40 80 120 T,°C

Puc. 1. JaBHCHMOGTE TOKOB YTEHKH OT TEMIIEPATYpLl NP pa3-
HBIX HATIPRKEHHAX.

[I]. HE Edumoe, H.A. Koswipe, 10.H. Ioptyros. Mukpo- [3) R.D. Davies, J.A. Meindl. IEEE J. Solid-State Circuiits,

3nexTpouuka, M.: Beicias ukona, 1986, c. 464. SC - 12,1977, p.367-375.
2] C.A.lapsunos. [M3NEKTpr4ecKan H3oARIUA HHTerpans- (4] A.G. Abdullayev, F.D. Kasimov.Thin Solid Films, 1984,
HetX oxem, M.: Cos.Paano, 1975, c. 120, v. 115, Ne 3, p.237-243,
Ya.Yu. Hiiseynov

1ZOTiP MONO-POLIKRISTALLIK SiLISTUM ToBoQOLaRININ AYRILMA SORHODDININ ELEKTRIK
XARAKTERISTIKALARI

Eyni vaxtda yetigdirilmis n-tipli lokal menopolikristallik silisium tebeqslarinin ayriima sarhaddinin elektrik xasssleri {edqiq ol-
unmugdur,

Volt-amper xarakteristikalarmun, desme gorginliklorinin ve dielekirik ‘itkilerinin tangens bucaguun esasinda milmyyen olun-
mugdur ki, onlan inteqral sxemlerinin yan izolyasiyas: G¢iin istifade etmak olar.

Ya. Yu. Guseinov

ELECTRICAL CHARACTERISTICS INTERFACE OF ISOTYPE MONO- AND POLYCRYSTALLINE
SILICON FILMS

Electrical properties of interface simultancous locally grown monc- and polycrystalline silicon films was investigated.
On the base of investigation of the [-V-characteristics, breakdown voltage and tangents of angle dielectrical losses come to a conclusion,
that theirs suitable for lateral insulation of components integrated circuits.

Hama nocmynaerun: 24,04.00 ’ Pedaxmop: 3.H. Hexenoepzade
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SOME PECULIARITIES OF THE PARAMAGNETIC RESONANCE FORMED IN VARIOUS
INDUSTRIAL RUBBERS DUE TO TECHNOLOGICAL FACTORS (I)

S.L. MEHDIYEVA, R.L. BAYRAMOVA
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H Cavid av., 33

In shis study some peculiarity of the paramagnetic resonance are examined in some linear and slowly branching polymers SKN-26,
SKN-40M divinylnitrate, bromined, chloroprens, isoprene pure and doped rubbers. In SKN-26, SKN-40M divinyhitrate rubbers ESR spec-
trum is singlet, when we pass on to chloroprene rubbers, it gets more complex and becomes multicomponent, which is explained as the forti-
fication of the mutual interaction with the side groups of the polymer chains of unpaired electrons. It is also evident that this process is more
powerfill when there are more electron sensitive groups on the sides. At the same in the study, the ways of weakening of the free radical pro-
cess by antioxidants are given. It is also shown that the collecting kinetics of the free radicals, has an extremal character depending on the
temperature and the amount of antioxidant, and that the technological parameters of the resin production prepared under extremal conditions
ameliorate maximally. The result obtained indicate that in the structure of the polymer, due to various factors, ordered groups form having a
certain magnitude and the speed and character of the free radicals and oxidation reactions eccurring in the polymer depend on these groups.

INTRODUCTION

During the receiving of the production, treatment and ex-
ploitation, polymers subject to various processes, most pro-
minent of which are the mechanochermical and thermal proc-
esses. [t is shown at the end of long investigations that pro-
duction and treatment of polymers and ¢lastomers take part
through chain-like free radical (FR) processes and the starting
point of these processes is the distribution of macromolecules
[1-12} during which they subject to oxidation in environment
with oxygen and wearing (due to photo- and thermal effects
and radiation). All these processes, along with secondary
effects might change the molecular and supramolecular
structure, dissolution and reaction capabilities of elastomers.
It can be concluded that the wearing of elastomers proves
experimentally the FR conception.

Yet the effect of the prehistory and the conditions receiv-
ing of production on the properties and the structure of the
elasiomers is poorly understood. The reactions with free radi-
cals after these effects have not been obtained, nor have been
compared the intensity of its fom3ation, physical and me-
chanical properties and the exploitation parameters. Some
results of these researches have been explained for synthetic
polymers [161 such as the following, in References [16-27]:

1) Much prior to the production of the polymer materials,
that is during the synthesis of the polymers, in the all cases,
the first “information” is obtained about the structure. This
information is taken as basis according to the influence of
supramolecular formations of various sizes on the structure
and properties of the polymer in later processes;

2} Mechanochemical processes and thermal treatment are
chain-like free-radical processes that start on the surface of
the sample and the supramolecular formation. The dynami-
cal-mechanical properties and exploitation parameters are
proportional to the intensity of these free-radical processes.

However, for elastomers, there is no systematic explana-
tion of the electron spin resonance (ESR) of the free radicals
(FR's) formed within the above mentioned limits, except a
few summaries that we presented [17-19, 22-24). Here, it can
initially be asserted that rubbers, as in other polymers, pos-
sess 100 much "biographic™ defects, doping groups and for-
mations having low molecular weight and that rubbers are not
such systems of one type. These processes become more
complex if simultancously there are mechanical, thermal,

chemical affects or radiation during treatment. With this in
mind, we think that the “information” used in the polymer
structure we have just mentioned, played an important part in
the formation of its characteristics and the exploitation pa-
rameters of the products.

In this study, the results of the ESR investigations are
given, that prove the validify of our view stated for some
rubbers and resins.

EXPERIMENTAL METHODS

In this study the test substances used are pure divinylni-
trate, (SKN-26, SKN-40M), chioroprene, isoprene and bro-
mined rubbers, and also the resin mixtures on these base. The
pure rubbers used are selected specially as undoped on pur-
pose and taken from the raw materials used in factories. The
bromined rubber is taken by some notable metheds [14]. The
reason why this type of substances are used is to specify the
role of the side atoms in the chain and to explore the types of
side groups and how they displace. Yet, to study the effects
of the side atoms more profoundly, S (like a vulcanizing
agent), Se, Se0; and a silicon organic compound are used in
some samples, according to methods cited in literature
[16-24]} (0-0.8 mass fraction). The ways they are added are
given below and the sizes in the doped samples are explained
briefiy in this paper where necessary. The silicon organic
compound and the ingredients of the standard mixtures are
mixed in the form of the powder in the laberatory-rolling
machine at the temperature of 323+5 K during 35 to 38 min-
wies. The temperature and time of vulcanization are respec-
tively 423 K and 5, 10, 20, 40 and 60 minutes, while the
pressure under press during vulcanization is 1.2 MPa. The
resin mixtures are taken in standard presses under neutral
conditions (having no oxygen or any other gas content).
Since sulphur is a vuleanizing agent samples having 3% mass
of S are used as controlling samples. The thickness of the
samples was 50 to 100 pm for IR spectra. For ESR measure-
ments, samples have been cut from different parts of the film,
their masses measured, and spectra examined in the R3-1306
spectrometer at 77 and 300 K. Depending on the concentra-
tion of the paramagnetic centers, the mass of the samples has
been 5-100 mg, but for 0 of them, the concentration has been
caleulated for 1 gramme or 1 ¢m’. As is seen from the
graphics, and stated in the text,proportions such as N/Ny, or
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I/1s, are used, which imply that the amount of sample has
no meaning. Measurements of both bulk samples and thin
films have been performed and same correlations taken. As
we state below and the literature indicates, the destruction
and wearing processes start always from the surface. In both
mechanochemical reactions and thermal processes, as a result
of the breaking of the polymer chains or side branches, free
radicals form. To explain the effect of temperature during the
vulcanization, pure samples obtained from factories have
been evacuated down to a pressure of about 10°-10 mmHg
and sealed, then heat treated in stages of quartz ampoules at
temperatures around 293 to 433 K and afier every stage (each
one lasting 1 hour) ESR values have been measured. We
think that during the 1-hour heat treatment, the processes of
destruction and of structuring of rubber terminate and it is
thought that the rubber wears completely at temperatures
greater than 443 K. In industry, the direct vulcanization of
resins takes place in this way. The samples and standards
have been measured together, The mechanical strength and
proportional elongation (that is deformation, £) have been
measured in a device that keeps the value of the tension con-
stant, at fixed temperature from the loading of the sample
until the breaking (method of lever mechanism) [15]. IR
spectra are measured in a spectrometer UR-20 (Karl-Zits,
Germany). The simultaneous distribution of the doping sub-
stances has been controlled by a polarization microscope.

EXPERIMENTAL RESULTS AND
INTERPRETATION

In all the divinyinitrate rubber samples, roughly a sym-
metric singlet with AH, = 0.4-0.5 mT and ¢ =2.003 is ob-
served (Fig.1a). The concentration (¥) of the paramagnetic
centers (PC) varies between 10'%- 10°7 spin/gm. Depending
on the time of vulcanization, the intensity of ESR signal at-
tenuates and the signal disappears, a phenomenon which oc-
curs at a faster rate in case that there are ingredients such as
ZnO, stearin, coptax in the contents of the rubber. In the
bromined rubber, a five-component spectrum is observed to
take place superimposed on a wide central component with
A= 290 mT and g = 2.07 (Fig.1b). The distances between
the centers of the lines (components of superfine structure of
spectra-SFS) are 18.1: 4.3: 43: 18.1 mT. As one passes on to
bromined and chloroprene rubbers that is the side atoms of
the chain replace with the bromine (Br), chlorine (Cl) respec-
tively, the spectrum gets more complex and as a result, it
trns into a multi-component, spectrum, at the centre of
which a component of less intensity exists (Fig.1¢; g =2.014;
AH,= 1.1 mT). According to the decay of the outermost part
of the spectrum, some parts are observed and a seven-
component pure spectrum is appered (Fig.1¢). The constant
SFS, not being isotropic for all lines, takes the values of 4.0:
4.0 4.0: 4.0: 6.0: 4.0 mT. At room temperature, all the com-
ponents except the central line am asymmetric all both
asymmetry and anisotropy are well observed in high mag-
netic ficld region. At liquid nitrogen temperatures the side
components of the spectrum become approximately symmet-
ric, and more discernible, the SFS anisotropy decreases in the
low magnetic field region but increases where magnetic-field
is high (Fig.1d). In addition to the seven-components, two
more are observed and for them, the SFS constant is signifi-
cantly high. The intensity of the central line
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Fig.1. The ESR spectra for different rubber: a) The untreated di-
vinylnitrate SKN-26 and SKN-40M rubbers at room tem-
perature { T, ,.a);b)Bromined rubber at T, ;¢) Chloro-
ptene rubber at T, d) Chloroprene rubber at liquid ni-
trogen temperature; e) Isoprene rubber after being treated
in the rofling machins.

increases as expected from Curie’s law, which exhibits that
the FR is at ground level. The stage by stage heat-treatment
of the chloroprene rubber causes the intensity of the low field
components to drop, of some to disappear at the heat treat-
ment temperatures T, ..., 0f around 383 to 393 K and of high
field components to increase somewhat. Then in the high-
field region, a new ESR line is observed where g = 2.003 and
whose intensity rapidly increases as Type,.. gets higher. In
addition to this, a weak line is observed at low T, ... tem-
perature and low magnetic fields. The typical ESR spectra
following the heat-treatment of chloroprene rubber at tem-
peratures of 383 K (a) and 393 K (b} are given in Fig2.
When the chloroprene rubber is vulcanized with soot at 77 K
and 300 K a six-component isotropic spectrum (SF5=8.2 mT)
superimposed on a symmetric line of high intensity and
linewidth {AH, = 24.3 mT, g = 2.003) is observed (Fig.2c).
Hence from the experimental data the following situation is
observed: as one passes from doping the rubbers with oxygen
to the replacement of the bremine (Br) with chlorine (Cl),
first a widening in the signal (provided that the narrow com-
ponent is detected) then formation of the spectra of initially a
wide and unnoticeable and later a relatively narrow but no-
ticeable components (such as Br) and finally the disappear-
ance of the wide signal and a completely discernible multi-
component spectrum are observed (such as chloroprene rub-
ber).

It is known that, upon the appearance of FR's and ions,
the mechanical strength causes the destruction of the mo-
lecular chains, and they in tum enter the reaction that is a
mechano-chemical process starts {1,2,6]. Since the sizes of
the elastomer molecules are large and linear, the binding en-
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Fig.2. The ESR spectra for chloroprene rubber at T, oo
8) Tirear % 383 K; b} Trpear =393 K;
c) after the vulcanization.

of the chemical bonds in the chain. According to this such a
high tension forms in the molecular chains that, the valence
energy between these atoms becomes smaller than the bind-
ing energy [1,2,4,6}, a chemical breaking occurs, polymer
FR’s form which in turn participate in the chemical reactions
belonging to the alkyl or alkenyl radicals. With the addition
of the oxygen and elongation of the heating time, these reac-
tions becomne more intense.

According to the above mentioned and we presented
equation some thirty years ago {27], the formation of the free
radicals depends on the surface area of the sample,the amount
of oxygen and also on the surface of the supramolecular for-
mation in the sample and also depends exponentially or the
ratio of the surface area to the volume (N~5/7).

As reported above, while producing the resin and later in
the laboratory rolling-machines and passing to the pressing
processes, the rubbers are subject to the effects of tempera-

ture, high pressure, and mechanical forces and with varying

degrees of displacement forces, high local tensions and
through them molecular destruction {mechanochemical reac-
tion) occurs. According to this, the formation at the ESR sig-
nals is explained by the breaking of the chemical bonds under
these conditions. Besides, the existence of the singlet in
SKN-26 and SKN-40M rubbers can possibly be explained by
the breaking of C=C bonds in the monomer unit of the rub-
ber. This view is proven by both our previous investigations
[16] on the effects of the ESR and IR absorption of Se and Te
doping in SKN-40M rubber and by the present experimental
results,

After the direct treatment,in the 2550cm™,2900-3600 ¢m™*
regions of the IR spectra of rubber, lines occur which in tum
are related to the C=N, NH and OH groups. At the same time,
an intense neutral scattering is observed that indicates
changes of supramolecular formation -and molecular origin
in the structure of rubbers {25, 26]. If these are assumed to be
true, our resulis also verify the results of the examinations on
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the dynamical-mechanical and electric strength of the same
rubbers performed previously [16-24], If we take into consid-
eration the influence of doping through the side chain atoms
in rubbers, then we can explain the effect of the dopings to
the ESR Spectrum by the mutual interaction of the unpaired
electrons (UE) and UE's of O; by way of the spin-orbital
bond and by the formation of the second peroxide radicals.
Here, unlike the divinylnitrate rubber, the breaking of the
oxide compound and the delocalisation of the UE away from
the carbon atoms towards the side atoms occar. This delocali-
sation increases as the affinity of the side atoms towards the
electron increases. It is obvious that electron affinity in-
creases from lef to right in the Periodic Table, but in small
groups from top to bottom Then, since the electron affinity
increases in the order O, Br, CI, the localization in the side
atoms of the UE gets higher, the mutual interaction between
the atoms at the sides of the chain becomes stronger, which in
turn causes the ESR spectra to pass gradually from the wide
line to the completely discerned form.

The form of the spectra shows that they are composed of
the two multi-component spectra oecurring due to the mutual
interactions of UE's with both some equivalent protons and
the nuclei of Br and Cl having unpaired nuclear spins
(I=3/2). When the electron affinity is less (such as Br,0,) the
UE's participate in other mutual interactions that cause a wide
spectrum to form. In fact, at liquid nitrogen temperatures
since the system of the UE's is frozen, due to the weakening
of mutual interaction, thermal motion and with the feeble
effects of the near protons, and bromine and chlorine nuclei,
the asymmetry and the anisotropy disappear.

In the isoprene rubber, the doublet structure of the ESR spect-
rum is observed (Fig, 1€)(AH,,,70.4+0.05 mT, AH, 042005 mT
and g, =2.003£0,005, ¢7=2.004+0.0005). The N of the PC's
decreases rapidly, depending on the processing temperature
(Fig.3a). When the antioxidant is added, N varies extremally
(Fig.3b), passes from the doublet on to the singlet with
AH, = 0.8 mT and g = 0.003, and where N, the concentration
is always less than that of pure rubber. The width of the line
(4H,,) first decreases at T,.,,,~333-353 K then rises abruptly
to 1.2 mT but later drops again (Fig.3b). The factor g and the
form of the ESR spectrum do not change related with T......,
that is the formation mechanism of the PC's is the same.

The ESR specirum in the isoprene rubber probably forms
differently at different proportions of the structure of the rub-
ber and composed of several lines belonging to some stabi-
lized FR's. From the observation of the doublet in the non-
heat treated rubber, one can conclude a very heterogencous
structure, whereas from the presence of the singlet in the
doped rubber, a homogeneous structure is observed to pre-
dominate. Upon the addition of the dopings, a more ordered
supramolecular formation consisting of macromolecules of
almost the same size comes up. The breaking of bonds and
the formation of FRs take place in the amorphous part of the
polymer, that is at the border of the suptamolecular forma-
tion, therefore, a difference in structure possibly causes a
difference in the ESR spectrum This situation also verifies
completely the measurements of the mechanical properties of
the same resin mixtures similarly, the same kind of measure-
ments confirm our ideas for the resin mixture basically of
chloroprene rubber [23]. For example, we observe the fol-
lowing: 15 % extremal increase in the mechanical and elec-
trical stability; 30 % increase in the glass formation tem-
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Fig.3. In the isoprene rubber, the & (2) and line-width (b) are
plotted versus Terpa:.

perature, and 60 % decrease in the elongation at a tempera-
ture above the glass formation temperature.

As is reported above, the comparison of the spectroscopic
data with dynamical-mechanical and electrical strength cha-
racteristics is of high importance technologically. The vul-
canization causes the UE's to be localized in the network of
the rubber, the dipole-dipole interactions to be stronger and
lets a wide symmetric central line be observed.

Consequently the experimental data given in the paper
prove the following conclusions: | - The dopings added to
the polymer come into mutual interaction with the side bonds
of the monomer unit, 2 - Upon the addition of highly electro-
negative atoms to the side atoms of the rubber, the localiza-
tion of the UE's the newly added atoms takes place and ac-
cording to this, a certain amount of oxidation and destruction
processes are impeded.

In the second part of the article, the effect of the large
scale and oxygen containing dopants on the paramagnetic
resonance mechanism in rabbers will be held.
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PECULIARITIE! IE PARAMAGN NAN F D IN YARIT RIAL RURBERS DUE ..
- st Mehdiyeva, R.L. Bayramova

TEXNOLOJ{ FAKTORLARIN TO'SIRt ALTINDA TOKRAR ISTEHSAL V ISTISMAR OLUNAN MUXTSLIF
SONAYE REZINLORININ PARAMAQNIT REZONANSININ XUSUSIYYSTLORIE

Bu moegalede, ba'2i saf va alavelerle xetti vo az saxelonmis polimerlerde moselon, SKN-26, SKN-40M divinilniteilli, bromiu ve
xloroprenli kauguklarda paramaqnit rezonansin ba'zi xiisusiyyatleri tedqiq olunmusdur. SKN-26, SKN-40M divinilnjtrilli kauguk-
larda EPR-in sinqlet spektri milgahide olunur, hemginin xloroprenli kauguka kegid de mirekkeb ve ¢ox kompanentli olur ki, bu da
polimer 2encirinde buxarlanmayan elektronlanin yan gruplarla qargihiqh te'sirinin giiclonmesi ilo izah olunur. Bu proses, yan gru-
plann polyarhih va elektromsnfiliyi giclanerse, daha ¢ox nezero garpir. Eyni zamanda maqaleds serboestradikall proseslarin an-
tioksidanilarla gecikmosinin ba'zi misallan gosterilir. Diger terefdan gosterilir ki, serbest radikallarin artim sayinin kinetikas: tempe-
raturdan ve alavalerin miqdarmdan asih olaraq ekstremal xarakter dagiyr vo optimal seraitde hazirlanan texnoloji parametrlerin
migdan maksimaldir. Ahnan eksperimental noticelar gostarir ki, sorbast radikallann miixtelif faktorlann te'siri ilo olan tekrar
istehsalda mileyyen struktur vo migdan formalasir ki, bu da polimerds oksidlesme reaksiyalanna giiclit ta'sir edir.

C.H. MexTnena, PJI. Baiipamosa

OCOBEHHOCTH ITAPAMATHHTHOI'O PE3OHAHCA, HABJIIOZAEMOI' QO IIPH NEPEPAFOTKE
A IKCIUIYATALIAH PAIJIMUHBIX HHAYCTPHAJILHLIX PE3HH IIOA AEMCTBUEM
TEXHOJOTHYECKHUX ®AKTOPOB

B rofi cTaTse H3YMEHB HEKOTOPHIE OCOUEHHOCTH NAPAMAFHHTHOTO PEIOHAHCA B HEKOTOPBIX WHCTHIX M ¢ M0OABKAMHE NUHeHHLLX U Cha-
GopazgeTBneHHBIX nonkMepax, Takux, kak CKH-26, CKH-40M anssinuuTphinbeis, GPOMHDOBAHHBX B XNOPORPEHOBOM Kaydykax. B
AMBUHHIHUTPHIBHEX kayuykax CKH-26, CKH-40M nabmonaeres cumrnerntit cnextp I11P, oxuaxo, npy nepexone x XA0ponNpeHOBOMY
KaydqyKy OH CTAHOBUTCS CNOKHBIM MHOTOKOMIIOHEHTHLIM, Y4TO OGLACHAETCH YCHNEHHEM B3aUMONCRCTBHA HECTIADEHHLIX 2NEKTPOHOE ¢ §0-
KOBLIMH TPYRIAMH NOJHMCPHEIX Uenell. ITOT Npouece ¢iue Gonce 3AMETEH, ECIY NOJAPHOCTE INEKTPOOTPHLATENLHEX GOKORRIX rpynn
yeraupactea., OAHOBPEMEHHO B CTATELE NPHBOLSTCA HEKOTOPLIS CBEACHUR O 3AMEANCHNH ¢ROCOIHOPAIVMKANBHEIX NIPOUCCCOB AHTHOKCHAAH-
Tamu. C Ipyroft CTOPOHEL, MOKa3RO, YTO § 3ABMCHMOCTH OT TEMAEPATYPLI H CONEPRANKA N0BABOK KIEHOTHKE BOIPACTAHHA KOHUSHTDALIUH
CBOGOAHBLIX PALKKATIOB HOCHT IKCTPEMANbHb XapakTeDp, H BEAHYHHA TEXHONOPHYECKHX MADAMETPOR, HITOTORNSHNLIX NPH OTITHMANBHLIX
YCACBHAX MAKCHMaabHa. [TOMyHCHHBIC HKCTICPHMEHTANBHBIC PEIYALTATH MOKA3LIBAIOT, YTO N0 AcHCTBHEM PasiMMHLIX GaxTopos mepepa-
GoTki OpMHPYIOTCA ONpencneHtas CTPYKTYPA ¥ KONMUYECTEO CBOGOAHEIX PAAHKANOR, KOTOPHIE CRIBHO BANAIOT Ha OKHCIHTEABHLIS PeaK-
ItHH B NOAUMeEpe.

Hama nocmyrnenus; 05.06.00 Peoaxmaop: M.K. Kepumos
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SURFACE SPIN WAVES IN A SEMI INFINITE FERROMAGNETIC SUPERLATTICE

V.A. TANRIVERDIYEV, V.S. TAGIYEV, S.M. SEYID-RZAYEVA
Institute of Physics of Academy of Sciences of Azerbaijan
3700143, Baku, H. Javid, av. 33

A semi-infinite superlattice consisting of alternating layers of two-simple Heizenberg ferromagnetics is considered. Using Green function
method the dispersion equations of surface spin waves are derived for semi-infinite systems. The numerical results are shown graphically.

Surface acoustic and optical waves of periodic structure
or magnetic superlattices have been analyzed theoretically in
many special cases [1,2). In the short-wavelength limit,
where the exchange coupling is daminant, comparatively
fewer studies have been done. A surface spin wave is an ei-
genstate, in the spin-wave approximation (magnon-magnon
interactions are neglected) of a finite or semi-finite crystal for
which the amplitude of spin excitation is localized principally
at or near the surface. The bulk spin wave has constant phase
a spatially varying amplitude, For optical surface spin-wave
the spins on adjacent layers are 180° out of phase and the am-

We consider here the following Heizenberg Hamiltonian:

7
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where Iy - represents the exchange between the spins S
and S; of the nearest neighbors. Hp is an applied magnetic
field in the superlattice z direction.

From this Hamiltonian, assuming that surface layer is of
the material 1 (1=1,2} and the second layer is of the material

plitude decreases with increasing distance into the crystal. I (1, + LD = 1,2) one obtains [3] the following set of
In this paper, we study a simple cubic ferromagnetic Gions:
semi-infinite superlattice model in which the atomic planes of ~ *U100%:
material 1 alternate which atomic planes of material 2. Each
atomic plane is assumed to be the [001] planes. l
( &
(E = ‘Asblm + -g g2,n = 25151;5 ’
£ £ "
“g In t+ (E - Ar)gz,n + E Fin = 25252,n ’ Q@)
& 1 _
‘"(1 + _)gz,n + (E - A )gs,n = 25.9,,
] X -
where g=61,5<<5* ;58" >>, E=(w-guHy) /6115, x=exp (-idk,)
The set of equation (2) may be written under the following matrix form
£
& - a,) = 0
6 8 gl;ﬂ 25151;:!
&
E E - AJ‘ E gz.‘ﬂ = 2325zlﬂ (3)
& 1 J 3, 25.86 g
0 —-(14--)3—-;11 »» 3730
& X

We also use the following equation [3].

(£ - a,)E - 4,) - [g)z(l + x{l + i] = 0 (4)

The dispersion equations of surface waves are obtained
using equation (3) and (4).

E=a +2(a, -a), Q=12
X
x =ptp®+0.

For the acoustic surface solutions x>1, x<-1 for the op-
tical solutions and bulk solutions have | x|=1 [4]. We find
that in the expression of x (5) plus sign for acoustic modes
and minus sign for optical modes are taken, respectively. In
general, the surface wave may be characterized by one or
more complex decay constants, but the amplitude envelope
decrease rapidly with increasing distance from the surface. In
many instances, a surface wave branch may not exist for all
values of g. In some cases surface acoustic and optical bran-
ches exist only for g greater than critical value g, while in
others g must be less than g. . Such truncated branches are
usually terminated at value of g for which degeneracy with
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the bulk continium occurs, i.e. E; {q.) =Ez {q.). One obtains
the following expressions of critical value of g when assum-
ing surface layer is of the material 1,

(3 + a - 4¢,)

% = a1 - e X6, ~a - 1)
F -3 (6)
0 _ £
R
and when assuming surface layer is of the material 2.
g &3a + 1 - 4¢,)
7 Ya - e N2, ~a 1)
C-eXor, —a-1
0 _ &
Tz 4(83 - a) ’

acoustic

acoustic optic

acous. g (0. 733
qll, 993

The number of surface waves as a function of &, are
shown in fig.1 for a particular choice of parameters. The re-
sults show that all surface branches may disappear, For ex-
ample, when surface layer is of the material 1 and a=2
e=1,5 and g,=1.2 acoustic waves appear in the range
0 < g =0.625,0ptical waves appear in the range 1.875<g <2
and all surface waves disappear in the range 0.625<g< 1.875.
We may also investigate the behavior of ferromagnetic su-
perlattice when surface exchange constant is negative.

From fig.2, we can also see clearly how the surface and
bulk waves change with g for different values of £and &,. All
optical branches are between two bulk bands. Both optical
and acoustic branches move upward with increasing ¢ Trun-
cated or complete optical and acoustic branches occur for
various values of £and &,.

optic
q}1.5

Gaptie
Q0.3

acouzt w‘acnust Jc\i/

g’ g optic

q>q°

4
1o
P ]
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LoaB .75
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optie optic q¥e
acoustic acoustic q (q“ -:-pt 1c acaustic g q;‘:_
optic optic .optic optic q9 ¢ q;c
= -
1. 625 2.1875 é
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Fig. 1. Number of surface waves as a function of g, a) surface layer is of material 1, b) surface 1ayer is of material 2: in bothcase @ =2,

e=15and0s q <2.

&=0. 5

[
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Fig.2.

The surface and bulk waves in the superlattice as a funclien of g. A—acoustic; O-optical: lhe bulk bands are shown as shaded

areas. a) and b) surface layer is of material | and ¢ =2: 2} £=1.5, q;c (2.5)=0.625, q;: (1.4=0.937; b) £=0.5, qlac {2.2=0.282

q?c £1.25)=0.5; c) and ¢} surface layer is of material 2 and
gl (2.15)=1.026, q3_(37-0.208, g3, (2.15~0.833.
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=2:c) =15, q5.(2.5=1.125, q5.(2.2)=1.87%; d) £=0.5,
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APPENDIX:
‘The terms appearing in the equations (1-7) are
£ 2 1
A = —+ —¢ , = 1- —\lcosk,a+ cos k. a
e felig,qm1-1 )
g 2 J J J
A =—+Z¢eq,6=-2,66=—;a=—-"2
3 3 d, J, J;
g 2
A, = —+—=0aq ,
: =373
8 2
P = ?(I—SSX(Z—SShQ +;q(1+a - 2¢,) ,
36(a, - A
Q = ( — ) @ =122

[\] Feng Chen and HK .Sy .J. Phys.: Condens., Matter, [31 V.S. Tagipev, V.A. Tanriverdiyev, SM. Seyid-Rzayeva,
1995, 7. M B. Guseynov. Fizika, 2000, 6, Nel, p. 33.

{2] RE. DeWames and T. Wolfram. Phys. Rev., 1969, 185, [4] Sydney G.Davison. «Progress in surface science», v.2,
752. part 4.

V.O. Tanriverdiyev, V.8, Tafiyey, S.M. Seyid-Rzayeva
YARIMMAHDUD FERROMAQNIT IFRAT QO9F9SD® SOTH SPIN DALGALARI

Iki sado kubik Heyzenberg ferromagnitdan tagkil olusmus yarnmmohdud ifrat qefess baxilir. Qrin funksiyasi metodundan
istilude edarak yarim meshdud ifrat gefes tgiin seth spin dalgalarnin dispersiya tenliyi mileyyan cdilmisdir. Notice qrafik tasvir ol-

unmusdur.

B.A. Tanpusepanes, B.C. Taruer, C.M. Cenn-Pracea

MOBEPXHOCTHBIE COHHOBBIE BOJIHBI B IOJAYOIrPAHUYEHHbIX QEPPOMAL Hit i HLLX
' CBEPXPEIHETKAX '

PaccMOTpesa NOMYOTPAHUYEHAAN CBCPXPELLETEE, COCTOALLAS 3 ABYX THIIOB APOCTHIX KyOmieckux [eAsendeprosckux Qieppomarnern:
koB. MeToaoM QryHKuwiH ['PHHA HAAAEHE AMCNEPCHOHHBIC YPUBHEHHA, OIHCKBAIOLING PACTIPOCTPAHSHUE NOBEPXHOCTHLIX CMHHOBLX BOIH B
NoNyOLpaHNIEHEBIX CBepxpeweTkax. Pesymurarsl npeacTasnenst rpafuuecku.

Hama nocmynaesun: 07.09.00 FPeoaxmop: .M. lauweumsade
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H3IMEHEHHE ®H3HYECKNX YCJIIOBHH B rA30BOI1 COCTABJBSTIOINEN YACTH
HOBOM HR Del.

M.M. BABAEB.
Lemaxuncras Acmpogusuveckan Obcepsamopus AH Azepbaiioncana,
Llemaxa, noc. IO, Mamedanueea, Obcepeamopus

Mpoaomximentrvie nabmonenna Hoeofl Jenuduum 1967=HR Del (1968 1991 IT.) yka3stBAIOT HA HIMEHEHHE OTHOUIEHHH HHTCHCHE-
HOCTEH 3aNPEWICHHEIX MMHRA xueopoRa-[0 11T} AA4959 u 5007 k mumman sonopona -Hy u renns — Hell 4 4686, Dro mossonser caeaats
HEXOTOPHIE BLIBOABL O PHINYECKUX YCNORHRX B rasonofl cocTarnseomel vactn Honodl b Teuenne nocredimx 23 ner. Hamenenns coorHome-
uvi [OIIT) Hy Hell/ Hy ykaseigator Ha 1§ nerHnil GHEN aKTHBHOCTH, XOPOIWO COPNACYIOMMACT ¢ TEOPETUYECKHMH BEIBOAAMM O UHKIHYE-

ciodi axrusHocTn Comnia n 3BC3A.

K Hactosilemy BpemMeHH MMeercA GOJNBIIOE KONHISCTBO
Hab:momaTeABHEX paloT U 0MeHb MaNo TeopeTHyeckux pabor
no zee3naM Hosodl Jenedmusl 1967=HR Del. Oxanako, enu~
Holi Mojeny, oObACHAIOLIEH BCIO COROKYNHOCTE Habiuona-
TeMbHEIX A3HHBIX, HE CYLRIECTRYST. BO MHOTHX cay4asx kap-
THHA NEPEMEHHOCTH CNOXKHA M MHorooGpasia. € 1ol ToHKH
IpeHin kpaliHe keNaTeNbHbl ONHOPONHBIE MoApo0HBIC Ha-
Garozenna >Toli 3BE3AE ANA YCTAHOBAGHMA OGIMX CYIUECT-
BEHHLIX 3AKOHOMEPHOCTEH MEKOY paiiiiHbLIMH XapaKTepH-
ctHkamu Hosoll.

B Hacrospeit pabore npoBesero n3yvenMe 3se3ar! Ho-
soif HR Del, npotoTHna Knacca ynbTpaMenReHuLIx THOsM-
Eelx Hoeeix 2Be3n.

PaHee, HaMH ¥ OPYTHMH aBTOpaMy, [1=5) GBINK H3YHeHE
CTPYKTYPHL IMHAA BOBopoaa cepiu Bamsmepa, TRHEKD renus
A 4686 v gp. Bce 3T HaGNIOAEHKA NOKA3ANH, YTO HMEETCH

HIMCHEHHE CTPYKTYPL! M NapaMeTpoB JHHWH KRcaopoma
[OMHI] A2 4363, 4959, » 5007, sonopopa - Hs, resms - Hell
A 4686, cOOTHOMIEHKA IMHCCHORHEIX KOMIIOHCHTOB, JKBHBA-
TISHTHLIX  WHPHH-FY, LEHTPATLHEIX WHTEHCHBHOCTEH-/,
V/R-8apHAaiis H Ap. NEPEYHCTEHHEIN IMHUF <O BpeMeHeM.

TiponomxurensHbie - HaBMIONEHHR TMOKA3ANH, YTO KpoMe
3THX HIMEHEHRH npoduneli criekTpanbHLIX NUHHI B CIIeXTpe
Hopoit HR Del, nonyuenneix B 1968, 1975, 1976, 1978,
1979, 1981, 1984 -1989 rr. xopome HabnOAAOTCS Rpyrie
OCOUEHHOCTH B HIMEHEHHH OTHOLIEHHS HHTEHCHBHOCTA—W)
JaNPEEHHBIX AHHHA KUCNOPOaa K JINHAAM BOLODOAA W Te-
fIMA, KOTOPBIC NO3BOAAIOT CYARTE O QH3HMECKHX YCJIOBMAX B
Fa30BbIX COCTABNANIOHNX HacTell Hobol B Te4eHHH nochel-
HHX 23X JeT.

TabGasua 1
Hara Wroau Wronn Wnoay Waonn
4861 H, 4636 Hell . 4959 [O1I1] 5007 [O1I1)

1 2 3 4 5
22-23.07.68 101.50+2.10 - - 3262+
23-24.07.68 580.30x8.70 - - 143.18+1.20
30-31.07.638 188.50+6,52 43.0844.35 41,804 .35 279122725
06-07.08.68 315.00+4.31 - 39.38+3.38 127.50+2.81
14-15.08.68 - 10.29+1.02 19.03£0.77 42.94+].05

- 147.60+1,63 11,09+ 0,31 50,75+ 0,73 193.94 2,04
26-27.08.68 565.25£3.26 119.62+ 5.18 119,62« 5.08 33350 711

- 435.00+ 7.47 3512+ 0.68 112,50+ 5.10 685,12+ 7.83

Cp.3HAY. 333,3114.86 43.84%2.31 63.83+3.24 230.49+3.84
26-27.07.75 - - 48.25+ 3.20 120.00+5.20
27-28,07,75 6,10+0,25 5,25+0,22 44,32+1,90 135,00+6,40
29-30,07.75 19.15+0,52 8,850,45 $0,38£4,50 171,75£540
02-03,08,75 24,80%1,25 20,10£1,05 18,50%1,40 107,2542,30
04-05,08,75 - - 49.70+3.10 297.5145.40
05-06.08.75 - - 33265130 139.60+3.50
10-11.08.75 27.21%1.20 - 46.64+3.20 220.504.80
cp.3HAY. 19.324:0.81 - 11.40£0.57 48,7142.66 170.2324.71
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Jlara Wpony Wroay Wnom Wronu
4861 Hg 4686 Hell 4959 (OliI] 5007 [Oill)
1 2 3 4 5
05-06.07.76 - - 45.60+4.20 125.00+5.20
28-29.07.76 16.00+0.35 - 40.00+5.30 L13.00£5.40
29-30.07.76 11.00£0.42 28.25£5.00 60.00+5.30 160.00+4.90
Cp.auay, 13.50£0.38 28.25£5.00 48.53£5.10 134.335.17
12-13.07.78 15.5440.36 12.26+0.35 62.80+3.97 171.15+4.89
13-14.07.78 15.5440.37 11.74£0.37 58.88+3.92 211.92+4.32
26-27.07.78 8.51+0.52 9.35x0.29 66.72+£1.96 195.6143.67
28-29.07.78 11.1040.30 4.84x0.31 54.95£3.92 163.00+4.48
30-31.07.78 8.88:0.22 6.32+0.24 35.32+3.14 138.55+4.72
cp. 3Had. 11.91£0.35 8.90=0.31 55.73+3.38 176.0414.42
13-14.08.81 9.90+0.25 15.96x0.23 10.46+1.41 29.95+1.13
21-22.08.81 9.54+0.26 10.12+0.19 36.08£1.43 $2.9420.84
22-23.08.81 8.30+0.21 10.80+0.24 40.80+1.16 78.50+0.65
€p. IHau. 9.25+0.24 12.29£0.23 29.11+1.13 63.80+0.87
06-07.08.84 30.00£0.47 13.10£0.70 - -
07-08.08.84 9.62+0.25 £.00=0.40 - -
Cp.3HAM. 19.81£0.36 10.55£0.55 - -
29-30.08.85 4.00=0.55 4.00+0.45 16.000.62 38.70£0.74
30-31.08.85 10.25+1.00 3.85=0.40 12.50:0.53 38.52+1.80
01-02.09.85 6.50+0.65 £.25+0.62 18.30+0.52 40.00+0.52
Cp.3HAY. 6.92+0.82 5.36x0.49 15.60+£0.55 39.07+1.15
13-14.08.86 8.0520.42 6.101.20 17.60+0:040 43.00+£0.45
Cp.3ua. 8.05:0.42 6.10=1.20 17.60:0.40 - 43.00+0.45
24-25.06.87 ‘ 1.75+0.30 12.70+0.40 9.20+0.65 42.50:0.65
25-26.06.87 2.80+0.25 5.35+0.65 10.600.65 18.50%0.75
12-13.07.87 2.520.32 6.00xm.58 8.4020.68 23.80£0.62
cp. 3Hav, 2.36+0.29 8.02+0.54 9.4040.66 28.27+0.66
28-29.08.82 6.25+0.48 7.50+0.40 11.2040.50 49.0110.75
=" 3.700.30 5.80+0.40 10.20£0.36 36.00£0.53
29-30.08.88 5.3420.35 3.00+0.26 10.60+0.60 26.00+0.70
22-23.09.88 4.65:0.32 4.75£0.30 - 29.00+0.90
Cp.ZHaY. 4.98+0.36 5.25+0.34 10.67+0.49 35.0020.72
13~14.06.89 8.40+0.50 5.50+0.25 7.30+0.70 18.50£0.90
04-05.07.89 4.65:0.46 4.5040.13 11.00+0.35 12,20£0.32
cp. 3HaY, 6.52+0.438 5.00+0.20 9.15+0.52 15.35+0.61
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Tabnwna 2
Jlata 4959[0111] 007[OTI1 4959{0111] 3607[01 4686Hell
Hp Hp Hell Hell Hg
1 2 3 4 5 6
22-23.07.68 - 0.32 - - -
23-24.07.68 - 0.25 - - -
30-31.07.68 0.22 1.43 097 6048 0.13
06-07.68 0.12 0.40 - - -
14-15.08..68 - - 1.85 4.76 -
=*- 0.34 1.31 4.58 17.40 0.03
26-27.08.68 0.21 0.59 1.00 .79 2,12
== 0.26 157 3.20 1951 0.08
Cp.anau, 0.23+0.04 0.8410.23 2.3210.69 10,21£3.40 0.6310.06
27-28.07.95 7.26 2.13 844 57 $.86
29-30.07.75. 4.20 897 9.08 19.4} 0.46
02-03.08.75 1.55 4.32 152 5.34 0.81
10-11.08.75 1.71 8.18 228 6.02 -
Cp. znan. 4874128 16.756.02 6.43+0.64 16.22+1.62 0.71+0.07
28-29.07.76 250 738 - - _
29-30.07.76 5.45 14.54 212 5.66 2.57
Cp. 3Hau. 31.98+1.47 " 10.9643.58 2.12+1.50 5.66+1.52 2.570.06
12-13.07.78 4.04 11.01 512 13.96 0.70
13-14.07.78 3.79 13.64 5.02 18.05 0.75
26-27.07.78 .84 22.98 AL 2092 1.10
28-29.07.78 4.93 14.68 12.27 39.63 0.44
30-31.07.78 3.98 15.60 5.59 2192 0.72
Cp. mmau 4.92+0.76 16.5822.00 7.03£1.36 21.70:£3020 0.76:0.08
13-14.08.81 1.06 3.02 1.76 5.02 0.60
21-22.08.81 3.79 87 3.56 8.21 1.06
22230881 4.92 9.46 3.78 1.27 1.30
Cp. 3Hay. 3.26+1.14 7.07£2.03 3.03x0.64 6.83x0.98 0.98:0.09
06—07.08.84 - - - - 0.44
07-08.08.84 - - - - 0.83
Cp. nad. - - - - 0.64+0,06
29-30.08.35 4.00 9.68 4.00 9.68 1.00
30-31.08.85 {22 3.76 3.25 10.11 0.3%
01-02.09.85 282 6.15 .22 4.85 1.30
Cp. 3naxu. 2.67£0.80 6.53£1.72 3.1620.52 8.18+0.82 0.89:0.09
13-14.08.36 2.19 5.34 2.88 7.05 0.76
C3. 3Hau. 2.19+0.80 5.3410.60 2.88+0.50 7.05%0.50 0.76+0.08
24-25.06.87 526 24.23 0.72 335 7.26
25-26.06.87 378 6.61 1.98 346 1ol
12-13.07.87 333 9.44 1.40 3.97 238
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Jlara 495910111 5007 4939[0111 0075010 4686Hell
Hp Hp Hell Hell Hy
1 2 ' 3 4 5 6
Cp. 3nan 4,1220.58 13.44£5.47 1.3740.36 3.5940.19 3.85+0.40
27-28.08.88 198 4.89 3.53 8.67 0.56
28-25.08.88 1.79 7.83 1.49 6.53 120
- 279 92.73 1.76 6.21 157
22-23.09.88 - 6.24 - 6.11 1.0z
Cp. 3HAY. 2.18+0.23 7.18+1.04 2,26+0.62 6.88+0.60 1.09+0.12
i3-14.06.89 0.87 2.4 1.33 136 0.65
04-05.07.89 236 2.62 2.44 )| 0.97
Cp. 2HaY. 1.62+0.74 2411021 1.8840.55 3.0420.32 0.81x0.08

HabniozaTenbHele JaHHBIS, KOTODhIe MpUBEXEHH! B Tab-
nuiax 1 i1 2, Mo3BORAIOT CKA3ATE HECKOMLKO CIIOB © 30HE, g
BosHuxatoT 3anpewtenaste UMK [OINT] A4 4959 u 5007.
310, DO-BAZAMOMY, €aMad XOMoAHAS 30HA TazoBoli cocTas-
nsowedi B Hosodl 38e31e. OTHOWIEHUA 3THX THHEN pacTyT C
1978 r. (cM. pHc. a H B), 4TO NO-BUAHMOMY, CBHUETRILCTRY-
eT 06 OTHOCHTENBHOM OXMAXKIASHHH WIM YIIOTHEHHH 3TOH
soner. Tlocne 1978 . 3TH OTHOMICHMR HAMHHAIOT ¢ Konela-
HHAMH ocnabesaTte, 2 ¢ 1987 . OHH ONATH CTANH BO3PACTaTh.
DTO O3HAMAET, 4T0 B 3T0i ra30BOH COCTABNAIOIIEH 4aCTh
TIPOH3OLLIO UIMEHSHIE PUINYSCKHX YCIOBKIL

H3BECTHO, MTO JHHHUH H3NydeHud B obonouxax Hoseix
3B¢3 B HeOYNAPHON CTaAHy BOSHHKAIOT B PE3yNbTare nepe-
paﬁOTI(H BRICOKQUACTOTHOIQ H3NYHCHHA 3BCIOH B Bonee
BHIKOYACTOTHOC H3NYHEHHE 3BE3HBL BHCOKOYACTOTHOS H3-
NYHeHUE IBEIBL UX HOHUIMPYET U co3haeT ¢eoboaHLIE Inek-
TpoHs. CTOAKHYBIIMCL ¢ HOH2MHU, 3MEKTPOH 33XBaThIBAETCA
URH, IpIYeM 00A3ATENEHO HA BEPXHUA YPOBEHD, NIOCNE YEro
KACKAOHO OMyCKAeTcs BHH3I, HA Mepehiil YpoBeHB, HITYYaA
Npd KacKamHeX Nepexofax B NMuuax. [Tepexon 3neXTPOHA B
ATOMe BOAOPONA ¢ TPeThero YPOBHA Ha BTOpON (3—>2) Naer
unyvenHe B auHAn H, , nepexoa (4—2) naer nunuio Hp 1
T.I. TaKk BOIKHKACT HIMyycHHE B NMHUAX BONOPOAA, NEHA H
EPYTHX. 3anpelleHHble THHAK 06pasyloTck 1o HHOMY. JIn-
KuH “HeOyns”~ HoHEL [O III]-UMEOT TOHKYD CIPYKTYDY
SHEPTETHYeCKHX ypoBHeH, T.K. Ham OCHOBHHIM - (OH TpoOifi-
HOH) YPOBHEM HAXOOWECA O4YeHp Onu3ko HepBblil BO3OYK-
AeHHLIf, Yro6p "3a0pocHTs” SACKTPOH ¢ HHKKHEND HA BO3-
Gy®OeHHBH YpoBeHb, TpefyeTcd o4eHb HeOonbmwas INeprua-
2.5 3B, B obono4xe Hosoll 3pe3aEl MPBCYTCTBYIOT MHOTHE
ceofoarble onexTponsl. Ilpu cronkuorcrann noHa-{O IIT] K
anektpona, noH-[O III) Bo3Gywmpaerca, T.e. coGCTREHHLLI
snextpou 6 notie- [O 1) nepexoaur Ha Onmwralimiuii Bo3By-
MAeHHLI YpoBeHs ¢ OCHOBHOTO. OAHAKO BOICYKOCHHBLIH
YpOBEHE ABAACTCA METACTAOWILHLIM, T.e. BpeMs KHIHM Ha
HEM B MIJDIHOHL! paz MPEBEIIIaeT BpeMa ®H3IHH Ha O0RIMHOM
yposHe. H3-3a 3T0U0 YPOBEHL CTAHOBHTCA “MOBYIIKOH™. Ha
HEM TIPOHCXOAHT HAKOIIEHHE 3MeKTPOHOE. Yepes 38 cekyHa
BOIHMKAET HINYYEHME B 3aNpetleHHblX NHEHAX AA 5007 u
4959 A. VIHTeHCHBHOCT NHHMH NOCTHCAcT 3HAMHTEABHOH
BEAMYMHBL, JTOT MeXaHH3IM HINYYCHHA HA3BLIBASTCA MexXa-
HH3MOM YAAPHOTO BO3OYANCHNA,
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Ananormmuo mimyyenino [O I11] Bozuuxaer B oGonouke
Hogolt mamydenne b 2anpetneHusx gunuax Ne 111, O IL N 1L
¥ Bonmopoia H reniif HeT MeTacTaGHIRHBIX YpoeHedt, Hamako
PACTIONOXEHHBIX K OCHOBHOMY, MOBTOMY HET H X 3ampe-
IMEHHEIX THHHA,
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Pue. a) HaMCHEHHA COOTHOIICHHA WHTEHCHBHOCTH JNPELICHHBIX
nunnli xucnopoaa—{OIll] 414959 w 5007 x AuAKHH BOROPO-
as — Hg co spemencu; 6) Toke camoe K NULHH FEnHA —
Hell 24686 co spemeHes; e) HaMeHeHua CooTHOMICHHA
HHTeHCHRHOCTH AMHED rerus-Hell 46286 x numuft Bono-
poaa~Hg co speMenem.

Hseectro, uTo ¥ Beex HoBeix 3Be3f HeGynapHaa cranua
HalMofacTed, KOrAa 3B€3a YHKe AOCTATOUHO ¢Kanack U ee
Temneparypa npesstiaet 30000°K 1 nancuue Gnecka Hosoit
cocTaBAfeT 6-7 3BE3AMBIX BCAMYME, MPH ITOM XapaxTep H3-
MeHEHHA KpuBOi Gnecka He wMeer Gonblmoro 3xaueHus. B
3TOM CRYyuae riaBHag o6onoyka HAXOAHTCA B YCTOBHAX, aHa-




n

H3M HHE ®HIAYECKH

NOTHYELIX TUIBHETAPHBIM TYMaHHOCTAM, MOCKONSKY TIO Mepe
ocnabnenua Snecka Hosoll ucyezaror cHawwia AkGidy3Ho-
HCKpOBOHi, OPHOHOB M, HAKGHEW, MMaBHBIH CNIeKTp Nornomie-
HUA. 2T0 O3H2YAST, YTO CHAYANA MPEKPALIACTCE HCTEUSHHE
BellecTBa, 3 NOTOM CTAHOBHTCA TIpo3padHo¥ rnasHas ofo-
JIOMKA KaK Y TN2HETapHbIX TYMaHHOCTeH

H3 puc. a), 6) H B) TaKKe BUAHO, YT TAKHE CHIBHbIS HI-
MeHeHHA HalRIOHATCA B COUTHOILCHHAX HHTCHCHEHOCTH
BOJOPOOHBIX, TENHEBHX H 3aNpPeIICHHBIX nuuKit kBCNOpOaA B
1975, 1978, 1985-1986 u 1987-198% r.. Takum obpasom,
pHc. a), 6) u B) CPUASTENLCTBYIOT O TOM, YTO HA APOTAKEHHY
nocnesnux 23—x ner B rasoeofl cocTarnmomei vactH Hosoil
HR Del 1967 Bee BpeMS MPOHCXOAAT 3aMETHBIC HIMEHEHNA
OTHOCHTENLHEIX MHTEHCUBHOCTeH 3anpemeHERX JHUHMA Kif
cnopopa [OIII] A4 4959 n 5007 x nmeuE ronopoia—Hg
renua—Hell 1 4686 ,a Taxke OTHOCUTENIEHLIE HHTEHCHBHOCTH
renuensix—Hell 4686 x munun sonopoma-Hp W3 3THX Tpa-
$HKOB XOpPOWID 3aMeTHE! 1] JieTHRE WHKIHYECKHE AKTHBHO-
£TH W3MEHeHUt COOTHOLEHMA 2THX AHHMA. Taxue WHKNHY-

BHI B I"A30BOE COCTARJAIOIEL U

11 HOBOK BR Del

HOCTH XOPOIIO COTNACYHOTCA C TEOPETHYECKUMH BRIBOAAMH O
nuKAngeckoii akTABHOCTH CONKLA H 38e3A.

K HacroalieMy BPEMERH LEHKIMHHOCTE 3KTHEHOCTH YCTa-
HORJIEHE JUIA HEKOTOPEIX KAPIMKOBBIX 3Be3l. Creayer oTMme-
THTb, WTO HaliicHKhle ANHTEABHOCTH UKKNOB XOpOWO XOp-
PEMMPYIOT € TAK HA3LIBACMBIMH inciamn Poccbu. Yucno
Pocclu: — 3T0 OTHOLIGHHE CKOPOCTH KOHBCKTHBHBEIX HBHMKE-
Hhit B noadorocdephEIX ¢10Ax, KOTOpaa oNpensNseTca Teo-
PeTHMECKHMH pacieTaMi BHYTPEHHEro CTpOeHHA 3Be3nsl W,
nomyyaemol 13 HaGmiofeHult ckopocTH BpallleHHT 3Be3fbl.
Uucno Pocebu, npexcae pcero, onpenenser CTeneHs BIaHMO-
JeHCTBIA KOHBEKIHHM W BPALIEHAA H, CNEROBaTensHo, 3¢~
(EKTUMBHOCTh FEHEPRUMH 3RE3AHOTO MarHuTHOre nons. To
06CTOATENLCTEO, YTO WIHTENLHOCTE HNKIA aKTHBHOCTH Kop»
PENIHPYET, B KOHECYHOM CHETe, ¢ 3(GEKTHBHOCTLIO FrEHEPAUNy
MaTHHTHOTC NONS, CNYKHT apryMEHTOM B RBOJNE3Y BPEACTaB-
nennit 0 BEYTPEHHHX NpPHMHHAX UHIIHIHOCTH B aKTHBHOCTH
3pe3n H Consua [6]. '

[1} M 5. Babaes TinceMa® AN, 1983, r. &, Ned, ¢, 233,

{2} M. 5. Babaes ActponLlupkynap. 1987, Neld98,¢.2.

[3) M B Fabaes LUnpkynap LIAO AH Aszepb., 1989,
HMeB3. 0.24.

(4] J. S Gallagher Astrophys ). 1976, v 203,p. 625.

{5] J B. Hutshings, W.A. Fisher PASP., 1973, v.85, p. 503.

[6] P. E. Iepubepe Kocmowartuka, Actporomua, 7/1990,
Ha. "3naung" -M. 64 C,

M.B. Babayev

YENI HR DELFIN ULDUZUNUN QAZ ORTUYUND® FIZIKI $6RAITIN DOYISMOs]

HR yeni Delfin 1967 ulduzunun uzun milddatli misahidelari (1968-1991) qadagan olunmus xetierin, hidrogen ve helium xatlari
arasindzak: nisbatlorin deyismesini gosterir, bu ise son 23 ilde Yeni ulduzun gaz 6rtiyiniin fiziki geraiti haqqinda mihakimeler

yiriimeye imkan verir.

Xottlor arasindaki nisbatlarin deyigmasi 11 illik sikllik deyismalarin mévcud oldugunu gostarir ki, bu da Giines ve ulduzlann ak-

tivtik sikileri nazoriyyesile iam vzlagir.

M.B. Babaey

VARTATION OF PHYSICAL CONDITIONS IN THE GASEOQUS PART OF THE
NOVYAHR DEL

It is shown that during 19681991 the essential variation of the relative emission lines intensities in the part component of Nova HR Dei
took place, indicating the variability of its (O U1/ Hp, He Ii/Hy) point to 11-year cycle which good agreement with the theoretical conclusions

about cycle activity of the Sun and Stars.

Hama nocmymrenun: 24, 12. 99

Peoarmop: A.C. Kynues
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SJIEKTPHYECKHE CBONCTBA AMOP®HBIX [VIEHOK TBEPAOTO PACTBOPA
Geg 90 Sig,10: Hx

E. A. HAIZKAD®OB
Cexmop paduayuornblx uccredosanuii AH Asepbaiidocana
Bary 370143, np. I Jocasuda, 31 "A”.

AMOPJHLIE INEMKA TREPHOFG DPACTBOPA Gy o Sip 10 © HX (x =1.3 +23,7 a1.%) Oiny Aonyselbl B ATMOCHEDE € PAIIHUHBIMH NAPLIHAIL
HbIMM JasneHKIMd BoJOpoLa A0 TOMuMHE 0,5 + 1,0 4m METOA0M NITAIMOXHMHYECKOIO OCaXECHIA. CKOPOCTE OCANCACHHA cocTaBAAna 0,3
+0,5 A/c . Hameperus SnCKTPONPOBOAKOCTH FREHOK NPOBCASHD! B TEMIICPATYPHOH ofnacti or 100 ac 420 K. Takke HIMEPEHA TEMHOBAA
APOBORMMOCTE (o} MNEKKHM, pH TeMnepatype 100 K paccynTaHbl JHEPrua akryBauMn ApsikKa (E), LnWHA RPLEKER (R), TOABHEHOCTE (Hp,

He) HMEKTPOHOR @ YPOBHAX &5 H £, , A TAKNKE JHCPTHR aKTHRALNY 11POBOIANMOCTH AE,

BBEJAEHHE

B nocneguue roau mpoasaxerca Gonnwoli uMTepec K
aMOp(HbIM TEEPALIM PACTEODAM FEPMAHUA ¢ KPEMHEM. 3T0 B
OCHOEHOM BLIIBAHO MEPCMEKTHBHOCTLIO X HCROL30BAHHS B
NONYNPOROIHUKOBOH JNEKTPORNUKE.

TuaporeHH3HPOBAHHEIE aMOPQHLIE TBEPALIE DACTROPH
{Ge:8i) - H obnagaioT ONTHMANELHON MUpHHEOL 3anpereHHod
soHel (1,1+1,85) 3g nng npeoBpazoraHusd coNHeuHol 3uep-
THH B 3NEKTPHYECKYI0 M NIYYIIHMH ONTO3NCKTPOHHEIMA
CBONCTE2M Y B IUTHHHOBONHOBOH 9aCTH BHIHMOTO CIIEKTPA, &
TAKNKE ABRAOTCH TEPMOAHHAMIECKY Gonee cTabHNEHEIMH H
Pa[HALHOHHO CTOHKHMH 10 CDABHEHHIO ¢ APYTHMH amopd-
HEINH MATCPHARAMH, ITC [MO3BONAST HCNOIEIOBATE HX ANA
co3A3tH% conHedHpx aementos [1,3). Hueerca pan pabor
[4,6] nocsALIEHHBIX H3YYEHUIO INEKTPHUECCKHX CBORCTD THA-
porekmsipoBaHHEIX amMopdHLIX mnénok Ge.x Six : H. Ofxa-
KO, CAM2BLE ¢ MANBIM COASPHAHMEM KPeMHHA W3YHEHR! Cla-
60, XOTA U TPeACTABNIOT 3HAYUTENLHEIH HHTEpEeC B Hidpa-
kpacHofl ¥ OMKHEH SWAMMON YacTi coexipa. HacToAuwlad
naBnTa gocnAIIeHa HCCNESAOBAKHED BAHRHIE KOHLEHRTPALHH
BONOPOAA HA IAEKTPUYECKHE CBORCTBA aMOPPHBIX NAEHOK
Gegoo Sio. 10 : Hx. M3BecTno, uto amopdusie mignke Gey.x Six
fe3 rugporenusauns oSnaNaloT DOBONBHO BEICOKOH IUTOTHO-
CThI0 COCTOAHHH B 3anpeuleHHoH 3one. UroObl yMeHBIINTE
KONHYECTBO 2THX COCTOAHME B rnZHKM KoSaBItioT BOLOPOL
UK nonywenne NA¥HKY OCYIIECTBAAIOT B BOZOPOAHOIl cpe-
ne.

IKCMNEPEMEHTAJILHBIE PE3YJbLTATEI

Inénku a — Gegeo Sig e @ Hx OBUTH NOXYHCHB METOLOM
MNAIMOXHMEYECKOrY OCAKIOEHHA (B (PHIHKO-TEXHHYECKOTD
nuctnTyta uMmedn A.®.Hoppe AH Pocchn). Mnwensio
CAYAHIH IUIRCTHHKY KpHCTaNtirieckoro ciasa Geggso Sig o
anameTpom 60 — 63 MM. OcasueHie MATEPHAT HY MOAIONK-
KY APOHIBOAHAH B aTMochepe BOAOPOJA NpH PAVUYHBIX
papacHuAx. Ha ocHoBe MpoBeAeHHBIX KCCheAoBaHui ompe-
AeNeHEl ONTHMANLHBIR peskiM pachulIeHus M FHApOIeHH3a-
tuuy Mateprana. Temnepatypa noasoskd {(NaCl } cocTasns-
na 420 K, ¢kopocTb OCRKOSHMS MaTepHana HA NOANOXKY
§uina ~ 0,3 0,5 Ale, a paccTOAHHE MEXK/LY MUILEHBIO H NOA-

aoxxol €=~ 25 cm, Hapamusanse NEHOK MPOHIBOAHNOCH
NIpHMEPHO B TEUEHHE OOHOTY 4Yaca. Hanpameuuocﬂ. 3MeK-
TPHUECKOr0 NOJMA BPH HIMEPEHHAX He Tpessiana 10°B/em.
B kauecTBe HCTOYHHKA CBRET2 MCTMONL3OBANACE NAMMA HAKa-
THBAHHS MOLHOCTBIO Hanydenua = 90mBr/cm 2. Kosddu-

eHT nornoweHus () B H3YNCHHOM HMHTepsane 3Hepruu do-
ToHoB socTuran 10%cm™ [4). Besrunna &c- & M3MEHATACH B
3ABHCHMOCTH OT KOHUSHTPALHKH BONOPONa B HHTEDBANE
0,83+1,17 3B, koTopas cBAIAHA ¢ YMEHBUISHHEM MIOTHOCTH
NOKANHIOBAHHBIX  COCTOAHHH B WENH  NOABHKHOCTH,
AmophHOcTE IIEHOK a - GepeSip o0 H KOHTpONHpOBaNach
MEKIPO-HOTPAPHICCKHMH KCCASI0BAHHAMH. TOMUKKA Mg~
Hok a - Gegeg Sig 10 : Hx cocrasnana 0,5+1,0 gan 1 onpenens-
nack HHTepdepeHUHOHHEIM MeTogom [7]. KomuenTpauwms
BOJOPOAR B TIEHKAX BRIYMCHAnace metogoM >hdysnn M ¢
MOMOIULID CREXTPOR NorolleHuA [8, 9] u cocrasasna ot 1,3
o 23,7 ar%.

OBCYXIEHHE PEIYJLTATOR

Hamepenne TemueparypHOi 3aBHCHMOCTH MIEKTpoORnpo-
BONHOCTH B HIYMAEMOM MHTEPBaNic NOKA3bIBAET, MTO O(T)
nMeeT ABe 00nacTH. Huskotemneparyphslii y4acTok onpeae-
JIACTCH I'Ipbl}KKOBOﬁ NMPOBOAHMOCTRID TI¢ NOKATIHIOBAHHBIM

COCTOAHHAM B 3a30p€¢ IOABHXHOCTH, O Y€M CBHUCTEALCTRYET'

NHHEHHAA 3aBUCHMOCTS 1g O OT ™ (puc.1).
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Pur. 1. TeMneparTypHule 12BHCHMOCTH TCMHOBOH NPOBOINMOCTH

ofr) ot "™ amopdrex wieok a - Gegpp Sig 10:Hx.
X{am.%) - 1.3(1). 5,1 (2), 8,7(3), 142 (4)n 234(5)

1

BrlcoxoTeMnepatypHetH yuacToK o (7) Onpelenaetca
30HHON MPOBOKAMOCTHIO H OMHEHIBACTCA HIBECTHOH dopmy-
Aot

o, =o,exp{—AE/ kT) )
2

e
o, =cons th_ s Bsiure npy  T=300 K.
o

.



Mpurnmaa const =0,026 m a =84 , Torza nomydaem
op =750Mem™. AE - Dna anexTpoHOB XapakTepH3yeTcA
AE =E.~Ep , A€ e — 38pAA 2MeKTPOHOR, /- NMOCTORHHAA
TMnaska, a - KOHCTAHTA 3aTYXaHHA BOJAHOBOH QYHKILIH 3NIEK-
TPOHOB B JOKANH3ORAHHBIX cocTonnmAX [10). Bo Beex me-
CACAOBAHHBIX HHTEPBANIAX TEMIEPATYP ¢ POCTOM COLCPHA-
EHA BOAOPOA2 B NNEHKE 3N1EKTPOOPOBOTHOCTD YMEeHbBIIAETCA.
HimeHeHHe SNEXTPONPOBOOHOCTH € POCTOM COREPXaHHA
8080pOMA HA BLICOKOTEMMEPATYPHOM YuacTke o6ycmoBneHO
YBEMMEHNEM NOTHOCTH COCTOSHMA Y MOTOJNKa BANEHTHOMN
30HbI, 3 HA HHZKOTEMIEPDATYPHOM YUACTKE 3T0 MOXeT OTh
CACICTRMEM YMEHBLIEHUSA KaK FMOABHEHOCTH HocuTenel 3a-
pPANa B TOKANH3IOBAHHBIX COCTOAHUAX , TAX M AJQTHOCTH CO-
croauns B3N yposHA DepMH (£g).

Qpo-
=
=
as0 -
04D . . .
t0 20 30
H. at 2%

Pric. 2. 33aBHCHMOCTS SHEPTHH AKTHRALNK AE OT KOKLCHTPALHHK
8010pOa AN aMophHbIX mneHok Geg oSia, 1o7H

fIpy CpaBHUTENBEO HU3KUX TEMNEpaTypax HabmopaeTes
MepPeMERHEA JHEPrHA AKTHBALMM, YTO HHTEPNPETHPYETCH KaK
BRIROAHEHNE JaKoua MotTra [10].

1
c=0 1exp[(— T,/ T)?] @

rae

!

T, = [18a3/kN (&p )F 3)
3pect o;- NPOBOAUMOCTE NAEHKY NpH TeMOeparype ab-
COMIOTHOO HYSA W ANA onpefeNeHHA HCIONB30BAIACK IKCT-
panonaums saerchMoctelt lg @ or TV, k — noctoauHas
Gonvumana, N (£p} - NNOTHOCTS COcTOAHNMMA Ha yposne dep-
MU (£:). Kak misectao [10,12], B GonbIKHCTEE aMOPHBIX
MATEPHANIOR KOHCTAHTA a-1=104 n mnoTHOCTL coCTOAHMI
N{(g;) cocTaensior 22-10"cm *3n! u 2:10"%cn*ap™ cootmer-
CTBEHHO, AHANN DKCREPHMEHTANBHEIX TAHHBIX MO 3pdexTy
nons Takke ¢ nomoulsio TP uecneaosanns {4,135,16] noxa-
IbIB2ET, UTO B IAEHKAX Gegon Sip 1o 1 Hx NMoNyueHHbIX TWIA3-
MOXHMHKUECKHM OCaKAeHueM N (&) = 7-10° -10Y%cm?8”
(rAe KOHUGHTPALMA TAPAMATHHTHRIX UEHTPOR Ns=¥N(&r)
«T). Heenenosanne nokazano, uro B ofpaiuax aMOpdHBIX
nnérwox Gegog Sigre 1 Hx (x =1,3+23,7 ar. %) HaOMOIAETCR
ACRONLHO WHTEHCUBHBIT 3TIP CHrHA, CEHASTENLCTRYIOLIMMA
0 HANMMMM BBICOKOIl XOHUERTpauHx OOOPBAHHBIX CBA3CH,
KOTOpbIE CTAGHAM3NPYIOT HEYNOPANOUECHHEIE CYPYKTYDLI,

37

DA D

NpHYEM C POCTOM COREPAHNA BOAOPOAA oT 1,3+23,7 aT1. % B
TIEHKEe UIOTHOCTL NAPAMarHHTHHX LEHTPOB YMEHBLIIAETCA
OF N3=2-10%-3-10"em?ss” [4,6]. 310 naet ocuosamme
TIPeINONOKUTE, 4TO NPH BBEJIGHHM B TNEHKY A0 23 a1 %
BONOPONA TNPOHCXOAHT 3aNeyupanie oCOPBAHHEBIX CBA3ZCH,
KOTOPOE TPHBOOUT K YMEHBUICHKIC MIOTHOCTH NOKanuio-
BAHWBIX COCTORHMI B 3anpellenHol 30He, Takum obpaiom,
YMEHBMEHHE BNEKTPONPOBOOHOCTH NNEHOK C POCTOM CO-
AepKaHHe BOOOPOSA MPH HH3KHX TEMIIEPATYPaX B OCHOBHOM
OBYCNOBACHO HKIMEHCHNEM ILTOTHOCTH COCTOAHRI BOMMIA
ypopns Oepmi, Ha ocHOBaHEH BLIIE YKa3aHHBIX Napamer-
pOB YCTAHOBNEHO, 4TO B MNéHKe a - Gegg Sigip NPOBOAN-
mocte o (300) nagaer ot 1972 no 107 Om e, C mecnoneso-
BAHHMEM NHTepaTYpHHX Aannsix [10,13] a take Apyrux ma-
pPaMETPOR IUIEHXY MOKHO ONEHHTL SHeprimi0 aKTMBALHH H
AnuHY npoikka (E,R) M Takke TNOABHXHOCTh 3IEKTPOHOB
Hr Jtic Ha YPOBHIX & M & . Ilpn Temneparype 100 K anep-
rid aKTHBALAE NPLIKKA PACCYATAHA NO caeaylemeil dopmy-
ne.

2 1y 3
E= gaRkT ={T,/3r¢|T* e)
InnHa npbixka
=R= [Q/BxaN(eF)kT]i (%)

Orcrona HABAEHO, YTO B 3aBHCHMOCTH OT KOHUEHTPALMY
BOAOpOAa NpH Temnepatype 100K R=110+1504
CoOOTBCTCTECHHO HAXGAMM

k)

E=|0,03+0,012T¢ |sB

Kax mirectho [9,10]

£, —<g

kT

o=uN(g,)ekTex (6)

o - GhNla onpeleReHa NpA GHKCHPOBAHHON TEMNEPaTYpe
(T=100K) u3 3apucuMocTH ofT) ~1/T H paBia
10°+10% Om™ oM™,

Foe N{s.) - IUIOTHOCTE COCTOSHUIT ¥ KDas B WHTEpBATE
kT, koTopas B HaleM cnydae N (g )=10 Tep 587" [12,10]
Torna NOABHXKHOCTL HA YPOBHAX & MOWCHO OTPEAESiHTE H3
ypasHeHus (6) B creny:oueM Buae

-

AHATOTHUHO, MOKHO HAHTH MOARMXHOCTE HA YPOBHAX
OepMy, Tak Xak NpH E. = E, , 0=0, o, Oul;1a onpeze-
JieHa ¢ IOMOILBK) YpaBHEENA (1).

B pesynsTate noayvaercia Wi (7) Crenyioliee Brlpame-
HHE:

sc _65'

kT

=—-\>~88xXm-
He eN(e ) kT p{



NEKTPHYECKHE QBQﬁCFBA AMOP®IELIX IAENOK TBEPAQIQ PACTBOPA Ge)w Siyjer 11x

UO CHMOQCTH or KOHUCHTPAUHH Boaopona CQCT& BIIACT

= — (8)  4B~(0,4140,59) 3p. 3asucumocts AE OT wHpHAbI 3anpe-
eN(&:) kT wedHoil 3omm (Eg opt.), H3sMepeHHOH oNTHYECKHM METONOM,
BO BCEX HCCACAOBAHHBIX IUIEHKAX MOXKHO ANNPOKCHMHDO-
Tak KkaK B J4BACHMOCTH OT KOHUEHTPAIUHY BOAOPONA YKa-  gatp ypasHeuneM AE5=0,5 Eg opt., uTo COFNacyeTcs ¢ ua-

He

JaHHBIC NAPAMETPBI HIMEHAIOTCA B Mpeacnax necTioll g a-Ge:SitH. 3asucHMocTs paccuuTanHON aHep-
TUH aKTHBAMNH OT KOHUECHTPALHH BOLOPOAHALIX aTOMOB Ha-
Mo =(1 0%+107") eMm’B ™ XOMAIMUXCA B MAEHKE B HHTEpBAIE TeMnepatyp 300+420 K

uMeeT nuHelnerii xapaxrep (puc.2).
Cnenyet oTMeTHTH, 4TO napaMeTphl TAEHOK, MONYHEH-
HLIX Pa3HYHBIMH CNOCOBAMH MOryT OTAMYATLCA LPYF OT
Taknm 00pasoM MOKHO KOHCTATHPOBATb, HTO BAPBHPYR ApYra, YTO ¥ HAGMIOAAETCA B HALIHX KCHEPHMENTAX [12,14].
KOHUCHTPALMIO BOAOPOAA B IASHKE a - Gepon Sin1o , MOXKHO  TTonydenuuie PE3YABTATE! NPEACTABNAIOT HHTESPEC HRA CO3-
B ZOCTATOMHO WHPOKHX NPERCIAX HIMCHATE JCKTPHYECKHS,  JaHHA CONHEYHLIX IMEMEHTOR ¥ WHPAKPACHBIX NPHEMHHKOB
a Tawke onTHYeckue coofcraa [4]). Beille KOMHATHOK TeM-  wanyweHWs Ha ocHose a-Ge:Si‘H.
nepaTyphl 3HEPTHA aKTHBALIMH SREXTPONPORCHHOCTH B 32BH-

He =(3+9)em’B ™

(1) G Nakamura, K. Sato, K. Shiranata and K Fujivara. [9] Y. Catherine and G. Turban. Thin Solid Films, 1980, v.

Japan. J. Appl. Phys., 1981, V, 20, p. 291- 295 70, Nel0i, p. 107-115
{2) R.Duita, P.K. Banerjee and S. 5. Mitra. Non - Cristall . {10] H. Momm, 3. Heauc. B ku "INeKTPOHHBIC NPOUECCH B
Solids,1983,V. 55, p. 148-157 HeKpUCTAINHYECKHX BewecTnax , * Mup *, 1982 .
[3] @ C. Hacpedounos, A.A. Andpees, O.A. Nonuxoaa, A.H, 662,
Kypmanmacs, ILI1. Cepecun. ®TILI98I T, 15, 8. 10, [11) M Swpilks, P. Viscer. Philosophigal Magazine (B),
¢.1871-1873 1982, v. 45, p.485-496
[4] B.A. Najafov, M.Ya Bakirov and V.S. Mamedov. Phys, [12) A.A. Awopees, OA. Fonuxocea, MM. Kazanwun, MM
. Stat, Sol. (a), 1991, Ne123 k. 67-71, Meszdpozuna, OTIL, 1986, T. 14, 8. 12, £.53 - 55
3] 4. Xoxros, AH. Mawun, A.B. Epwos, HH .Mawaun,  [13) S.K. Bahi, SM. Bhagat. Journal of Non-Cristalline Sol-
E.BAapuna. QTIL, 1985, 1. 19,8. 12, .2204 - 2208. ids. 1983, v. 17, p-409 — 427
[6] 5.4. Haoweapos, H. 1. Baxupos, B.C Mawedos , lloxn.  [14) M. Ya. Bakirov, B.A. Najafov. and V. 5. Mamedov, R.S.
Axan. Hayk Asepbaiinxana, 1989, T.XIV, Ne2, ¢.30-35. Madatov, Phis. Stat. Sol. (a), 1989,v.114 k.45-49
(7] A.B.Paxos. "CnexrpooToMeTpus TOHKMX mnéxok “, [15) RJ. Loveland W.ESpear, A.4i{Sherbaty. Journal of
M.” Hayka " 1975, C. 175 Non-Crystalline Solids. 1973 / 74, N13, p.55-68
(8) # Shank L. Ley M Cardona. FJ. Demond and (16) Awc. Jucoynnyroca u Hoc. Mhoxosexu ¢ xn : "Ouinka
S.Kalbirzer. Phys. Stat. Sol. (b), 1980,v.100 Ne 43.p.17- THAPOreHUW3HPOREHHOIO aMopdHoro kpemuns *, “Mup”,
29 1988, c. 447
B.F. Necefov

GeosSiogo:HX (x=1,3+23,7 at %) BORK MOHLULUN AMORF TOB9QOSININ ELEKTRIK XASsost

GeosSio,:Hx bark mehlulun amorf tebaqesi (x=1,3-23,7 at%) 0,5-10 m qahahfinda hidrogenin miixtalif atmosfer tezyiqlerinda
plazma-kimyevi metodla ahinmugdir, Tebaqenin elektrik kegirmesi 100 ve 420 K temperaturda miixtolif temperatur oblastinda
apantilmigdir.

Hemginin tabaganin qaranhq elektrik kegirmesi (o) T=100 K temperaturda tullanmanin aktivlegme enctjisi (£), tullanma
masafasi (R), £ ve & saviyyelarinda elektronun (4, 1) enerjisi, homginin kegiriciliyin AE aktivlogme enerjisi dlgilmiigdiir.

B.A. Najafov _
THE ELEKTRICAL PROPERTIES OF THE AMORFHOUS FILMS OF SOLID SOLUTION Geg 0Siss5:Hx

The amorphous films of solid solution Geggg Sip 1otHx (x=1,3+23,7 am %) are formed in atmosphere with different portions of hydrogen
pressures till the thickness 0,5+1,0 Opm by the method of plasma-chemical precipitation, The measurements of the film electro-conductions
are caried out at temperature interval 100+420K. The dark-conduction (o) of film is measured too, at the temperature 100 K. It was calcu-
lated the energy of activation of the jump (E), length of the jump (&), mobility (s, 2} of the electrons on the lavels &g bnd £, and energy
of activation of conduction 4E.

Aoma nocmynnemn: 24,03,2000 . Pedaxmop: M.H. Arues
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JUAOOY3HOHHDBIE p-n MEPEXOALI HA OCHOBE Cd, Hg;., Te
(x = 0,2 + 0,23), TOJYYEHHBIE JIETHPOBAHHEM - Cu, Ag ¥ Au.

AA PAJUKABINA
Hucmumym Qomoanexmponurxu AH Asepbatioacana,
Faxy, 370141, yn.D.Azaeea, 555 xeapman

B nacrosieil pafioTe npoReASEO MCCASNOPAKUE INEKTPHYECKHX U (hOTOINERTPHNECKHX cBoilCTE p-n nepexonos ka ocHose Cd,Hg, Te
(x=0,2+0,23), monyueHHLIX MeTon0M Andihyanm Meau, cepefpa H 3010Ta.

Ha 0cHOBS BEOAHEHHOTO PABHHTENBHOIO AKANK3A XAPAKTCPHCTHK DOTOAMOAOB, NOAYHEHHBIX TIPH PA3HEIX TIPHMECHX, BRIOPAN OTTTH-
MANLHBIE BAPHAHT AN NONYYEHHS BECOKOKAYCCTBEHKER NpHbopon Auddy3noHHLIM METOADM.

1. BBENEHUE

Y3xo30HR0¢ NONYNPOBOIHHKOBOE COeNUNERNE Cd Hg, Te
ABNAETCA Ga30BEIM MATEPHAIOM NS WITOTORNCHHA MpHEM-
HHKOB RH(ppakpacHoOro HTydernusa. PaGounit auanasox nnax
BOJH Npufiopos, HITOTOBNEHHEIX HA OCHOBE ITUX MaTepua-
JIOB, NePekPLIBAET NONOCH MOTNoMEeHNAs CONBLUIHHCTRA razos,
HMEIolUXC B aTMOCheDHEIX OKHAX HHpaKpacHol o0xacTi
crekTpa 3+5 n 814 MEM.

C Hay4HO}i TOMKM 3PEHMA 3HAYHTENBHBIH MHTEPEC NpEl-
CTABIACT MCCASNOBAHME AHQQPYIHOHHBIX P -nN-NCPEXOA0B H
Q}OTOIIHOII.OB Hd MX OCHOBE, NOAYYEHHLIX NpH PaMiHYHBIX
[IPHMECHEX. K HACTOALIEMY BPEMCHH HAKOINACH 3IHAYHTCAL-
Hbli 3KC]‘ICDHMCH’I‘&.‘[$HHﬂ MaTepHal Mo K3YHYCHHID XapaKTe-
PUCTHK 3THX $oTORHOI0B [1]. TIpeAcTaBAAETCA KHTEPCCHEIM
Ha HALl BIrAAL H3YYHTE BAHAHHE PA3SHMHBIX npnmeceﬁ Ha
XAPAKTEPHCTHKH D-11-NEPEX0ACE H DOpOBCACHHE CpaBHH-
TENbHOIC AHANHAA ITHX PEIYALTATOB.

Ini
2 /
?
] J
3t
0z 04 06 08U,8

Puc.]. BonuT-ammiepras xapakTepucTHka ¢oToaHoa (mpamas
perse) 1 -Au;2-Ag;3-Cu;

B Hacroswed paGore OpoBSHEHO HCCNIEAOBAHHE JMek-
TPHYECKUX U (POTOINCKTPUIECKNX CBOMCTE p~n NepexoloB
Ha ocuose CdHg,Te, nonyveHHuX MeTogom auddrysun
MezH, cepefpa H 301074, 2 TAKXKE BLHIOJIHEH CPaBHHTEALHLIH
AHANM3 XapaKTEPHCTHK THX YOTOLHOAOR.

2. DQKCHEPUMEHT
B xayecTe¢ noanoxexk Ang GHOPMHPOBAHKHA  p-n-
MepexonoB  HCMOAB3OBAMACL  UIACTHHBI n-Cd,Hg,Te

(x=0,2+0,23) ¢ xouuewtpaumneii Hocutened n = 4107 +
5.10" oM™ w momemkHocTRI0 = 3-10%12:10°cM’/Be npu
200 K, '

Jina nomyqenna p-n-nepexofop fuddysneii meau (Cu)
H cepebpa (Ag) na mosepxHocTe MacTHHE Cd,Hg,, Te Ha-
NBUIANHCE, COOTBETCTBEHHO, cnod Cu Man Ag, Tonumaol
1500E; nna andby3nn A Ha CeexeTpaBieHYIO NOBEPXHOCTE
nmactHas CdHg,.,Te nposoaunocs ocaxaenne AuCly u3
pacTBOpa 30NOTOXMOPHCTOBONOPOAHOH kHcaotsl. B Gonp-
WIMHCTBE OMBITOR Mepen TepMuueckoi ofpabGorkoil Ha no-
BEPXHOCTEL MOANIONKKH ¢ HaHeCceHRBIM cnoeM Cu, Ag HIH Au
Hamuinaned cnoil ZnS Tomuusol xo 100 v, MackHpyoWMi
HCTOMHHE AMGDYIUN OT PTYTH.

inl
AT J
-2.8f 2
|
-3.5
«1 0,5 0 Inuw

Puc.2. BonbT-aMIcpHaR XapakTepucTHEa Poroanona (0dpaTnan
Bereb): 1 -Au;2-Ag;3-Cu;

Mopnoxkka, NOAroTOBASHHAA K ANpGYINH, NOMELLATACH B
KRAPLERYIO aAMIYNY, CONEPKANYIO PTYTh B KONHHECTBE,
ofiecriedyalolleM HACHILIEHHOCTR TAPOR MPU TeMMepaType
nehyY3IHOHHONO OTHKHUra, IOCNE YETD aMNyNa OTKa4HBANACDH
¥ 0TNanBanach. PEKHMBI TEMREPATYPHOrO OTKHIA AT Kax-
LOTO THRA ASTHPYIOIEH NPAMECH K reOMETPHYECKHE pasmMe-
pol oGnacreft p-n nepexoaa noxasausl B Tabanue 1.

Tabnnua 1
Tun Temne- | Bpems FnybrHa Wwpsea  30HL
fpH- patypa OTHUIA JANETaHMA CcMEIanHOoRA
MecH | oTkHra HAPBOAHMOCTH

{K) (MHR) {MEM) {mrM)

Cu 573-597 2-10 80 - 150 40 - 60
Ag 573-597 6-10 80-130 25-30
Au 593-593 j«6 80 - 120 10-15

BAX ¢oToanonos, copMHPOBEHHBIX HE OCHOBE MONY-
MEHHBIX D-Ni-CTPYKTYP v3Mepanuchk npu 80 K. Kpome toro,
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NPOBOAMIHCE WIMEPEHHS TEMIEPATYPHLIX 3ABHCHMOCTEH
HanpaxeHHs GOTOCKIHANA U IIYMA, HA OCHORE YEro paceyH-
TLIBANACE TEMNEPATYpHAA 1aBUCHMOCTL OTHOLIEHMA CMP-
Han/wym 3T QOTOOMROLOE NPH HANPAKEHHH CMELUEHHA
7..=150 MB B TeMnepaTypHOM AHanazoHe 50 - 220K.

" 3, PE3YJBTATHI H OBCYXAEHHE

B taGnnue | npeacTaencHel TeMNepaTypHO-BpeMeHHOH
peXHM OTKHEA, TAYOHHA 3ancranHf AndQy3noHHOro cnos
£ - THNA NPOBOAMMOCTH H TOMUHHA 0OMACTH CMEWANHOH
NPOBOARMOCTH B MIACTHHE,

Ha npo6nom obpaite, 0Tpe3aHHOM OT OCHOBRON MIacTH-
Hp! ¢ p-n-NEpPEXoAcM, CO CTOPOHBI pP-CA0A CO3AAPANACEH
cTyneHyaTan cTpykrypa. OTAENSAM KAXAYIO CTYNSHBKY OF
npobHoil nKHeAKY H NPOBOAHNH HIMEpeHHe BLICOThI KAMAOI
cTyneHbkH. UsmepenneM (QOTOOTRETOR OT kaX 0/ M3 CTyNe-
Hel CTpYKTYpEl {pakTHueckH, ‘“3neMeHTapHLIX” GOTORNO-
IOB), 0 BEAMYHHE MAKCHMANLHOTO JHAUEHHS OTHOLIEHHS
CHrHAN/INYM BHIRBAATH ONTHMANbKYIO TIyOUHY 3aneraHvs
YYBCTBHTERLHOTC CloA. T YeTOM MONYYESHHbIX DAHHLIX Ha
NNacTHHE ¢ P-n-MEPEeXoAoM OCYIIECTBALTHCE, Me3aTeXHo-
JIOTHYECKHE ONEPALUMH 1A BHIACAEHHA (POTOYLYBCTBHTEL-
HBIX ANEMEHTOB.

UC.MB’ %MB
12501 - 1100
'
woo} 8o

750

800

100 120 144 180 180 200 TK
Puc 3. TemnepaTypnas 3AaBHCHUMOCTL Harnpaxenus goTo

currana O -Au; A- Ag; O-Cu v wyma, @-Au;
A-Ag; W .Cy - yanpamennn cmewenus 150mB

HeoGxonnmo ydects, yto B Cd,Hg,.,Te (x=0,2+0,23) 30-
noto  uMmeer Gonee  mudkall  kospduuuent muddyann
(Da=7-10"7 ml/c), uem cepebpo (DM=1.6'ID'3 mic) u Mepp
(D, =5-10"*w%¢ ). 30n070 HMeET CPABHUTEALHO HUIKOE 3Ha-
YeHHe SHEPrHY akTHBALMH (Eyiay) =0,6 3B) v anddyunupy-
€T N0 MEXY3EIBHOMY MEXAHHIMY, 8 ¢epebpo (Eyqag™1,22B )
1 Meab {Eyqcny=1,42B) - no eaxancuonnomy. [lodtomy
EMgdy3uonsbie npodunH Au MOTyT OuITh JOCTAaTONHO pe3-
kMH. B pe3yneTare 3KCNEPHMEHTOB NONYUEHH COOTBETCT-
ByiOHIHe FaHHBIG MO TONIMHHE OGNacTH CMeWaHHOH TIpoBo-
aumocTH. Tak xak npx aadPy3un Au TomuuHa OBTACTH
CMElAHHOR  MPOBOOHMOCTH, KAk  NPaBRID, MeHhIe
(l.=10+15 Mkm), uem y Ag (L,=25+30Mxm) m Cu
{l,=40+60 MKkM), npuMeHeHHe 3TOH npuMecH ROIBOAAET
nonywuTh pe3kuil p-n-nepexon 8 Cd,Hg, . Te. Takum ofpa-
30M, p-n-néepexodpl Ha ocHose Cdy:HgegTe, nomyuenHnie
auddiyael Au xapaxTepusyiorca Gonee caabeiMm audhyu-
OHHBIM PAIMBITHEM, YeM B CIyuan npuMecy Apg i Cu. Mexa-

HHIMBI [EPEHOCA 3aPKia HCCRENOBANKCE MYTEM HMIMEpPEHHH
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BORLTAMNEPHBIX XapaxTepuctek (BAX), TeMnepaTypHuix
3aBUcHMOCTEll  Hanpmkeduit  curnana (U, (T}), Wyma
(Uy (T) ), aTaKxe OTHOWEHAR CHrHa/wyM (U./ Uy (T)).
Ha puc.l 4 2 npeactasnedst BAX ©yBCTEWTENBHEIX 3Me-
MEHTOR, MOAYUEHHHX NerHpoRaHHEX npsuMeceli Cu, Ag u
Au, HiMepeHHuXx npu S0K. Kaxk BHAHO W3 PHCYHKOR, OHH
ABNAIOTCA TAMIMHLIMU AT AHOAHBIX CTPYRTYP [2,3].
CpaBHEHHE KDHBBIX TIOKB3LIBAET, UTO ¢ YMeHBLIEHHEM
IUPHHB! OOAACTH CMEIIAHHON NPOBOAUMOCTH LHONMBIH Xa-
PaKTEP CTPYKTYPEI npoasnseTces Gonee 3aMeTHO. [Tpu T=80K
npamote BeTBH BAX (oTOAMONOR ANA CMNEKTPATLHOTO AHa-
nazoHa A ~ 10,5+11,5 MKM ONHCHIBANHCE BLIpaXEHKEEM:

Itfo{exp[ ]-1].

npHueM f MeHARTCA B 3aBHCHMOCTH OT THIA NPHMECH, TAKHM
obpazom, uto  £,=1.8, =14, Bo=1,2. Takas zabuce-
MOCTS CBHOSTEALCTEYET O NpeobnanaHud reHepalHoHHO-
PeKOMOHHALMORHOTO MEXAHWIMA MEPEHOCA 3apsfa B ITHX

p-n - nepexopax [4]

U, Uy,
80

qu

BKT

60¢

40}

20¢

k i

120 160 200 TK
Puc. 4. TemneparypHan 3aBHCHMOCTb OTHOWICHHA CHIHAN LY M

doroaronos O -Au; A- Ag; O-Cu npk nanpmxcnnu
cumetnenns 150MB.

Ha oGpatHeix BeTBAX (pHC.2) HaGMOMAKOTCA AHKelHse
y4acTkd B JvanasoHs 30-200mB. CornacHo Teopun Caa-
Hot#lca- [lloknn, ANk p-n-nepexoaos 3aBHCHMOCTS O0paTHO-
r0 TOKA OT HANPAKEHHS NOSYHHACTCA 3akoHy J ~ (. Ha
NHAcHROM y4acTke ofipaTholi seTBH BAX Ina HCnoas3oban-
HBIX NpHMECEH nonyders Na=0,5; na,=0.8; ng=0,76, 4ro
HE NPOTHBOPEYHT TIPEANOAOKEHHI0 00 OCHOBHOH pONH TOKA
pexoMOHHaLHH B obnacTH npocTpalcTeeHoro aapaaa. Ilo-
2TOMY, MOWHO NONarath, YTO B PCIYALTATE TEPMUMECKOrO
OTEHra 00pasyerca miaeHell p—n - NEPEXon ¢ pacnpeacns-
HHEM KOHUCHTPpAUHH aXTHBHBIX l.l@l'l"l‘])OB, GANZKHM K nHHeH-
HOMY, Y4TO XapakTepHo Anf AH(GDYINOHHOTO MeTOAA,

Hns noxTREPRASHMA NONYSEHHBIX AAHHEIX, BOODE ro-
BOPM, BEeoOXOANMET HCCRENOBAHWA €MKOCTHRIX XapakTepH-
cTek doroamonos. OnHakoe, BBHAY O4EHH MANOH eMKOCTH




AHSGVIHOHNLIE pn MEPEXQREIHA OCIBOBE Cd, 11y, Te{ x =02 + .23, MOJAVYEHHLIE JETIIPOBAHREM - Cu, Ag W Au,

P-n - nepexones 3TuX  GOTOAMOAOB TaKkue HGcneAoBaNns  posankeM Cu. JiA BceX QOTONHOAOB HIMEHEHNA (YBEnIMe-

HaM NPOBECTH HE YAAMIOCD. H#¢ W YMEHLIICHHE 3HauweHHH U./U, ), HaGmonaeMbie Ha
JAna ouoacs, paboTaloMKX B AMHROBONEOBOR ofnacTH,  skcnepaMeHTaNLHOH KpHBOi B TeMNEPATYPHOM HHTCpBane

renepauMonso-peKoMOWHaImonHEIR Mexansm Geut npeol- 120 - 140K, ozwadaior cMmeHy MeXaHM3IMa pexoMbunann

JAJAIHM BO BCeM HOCASMOBaHHOM HHTEPEANS TEMNICDATYP. HEPABHOBECHLIX HOCHTeREH 3apana o1 peKDMﬁHHﬂIlH!I no
Ha puc.3 npopegenntie pelynsTarel WiMepenwu Temne-  lloxnu - Pury ua Oxe - pexomGunaiimo.

PATYPHEIX 32BHCHMOCTER HATPSKEHUH CHTHANA 1 WIyma AnA BORETOBAA uYBCTBHTENBHOCTE, YACHBHAA ODHapYMH-

(oTOmUOIOB, MITOTOBNEHHBIX TyTeM AW(py3uu npuMecell  TenpHad crocoGROCTD NOMYUeHHLIX GOTOAHOROR TIPHEEAEKE]

Au, Ag, Cu. Jlna BceX ANOOOB € POCTOM HANDAKEHHA ¢Me- B Tabnuue 2.

LIEHHA 33BHCHMOCTD dorocurHana o0peTaeT BeIpaxenHbiH

MaKCHMYM, KOTODHIl COOTBETCTBYST TemnepaType 130K. Tabnuua 2
3arem cnemyeT JKCOOHEHOMansHEH cnap GoTOCHTHana W Mpa- BonstoBas uys- | Yaensmasn ofuapyxu-
pe3koe YBENHYCHHE HanpaxkeHHA wyma. ITpn T=100-120K MEChH CTEHTEALHOCTS TeAtHas cnocoGHocTs
OTHOWeEHRE ./ Uy MOHOTOHHO YMEHBIIAETCA C POCTOM TeM- Susms (B / BT) I as_ (cM-T"*/B)
neparypel, Jina scex GOTOAMOAOR ONTHMANBHOE 3HAYCHYE Au 400 (1+1.5)- 10°
HanpAXeHHA CMCLUCHHR, NMPH KOTOPOM AOCTHracTCA MakcH-

mansHoe otHowenne L. /U, cocrasnaer 140-160 mB, C poc- Ag 250 (t+4)10°
TOM HAOPAKESHAT CMEWCHHA HA NEPEXOoAC 3TO OTHOLICHHE )

YMeHeIIAETCA 3% cUer npeoﬁnanalomem pPoOCTa HANpAXEHHA Cu 200 ( 7+9 } "]8
wyMa.

Ha puc 4 npoBefeH CPpaBHHTEREHRE aHanus (puc.4) npu
U, = 150 mB, npu koTopoM HNOCTHIaeTcaA MAKCHMaNLHOE
3HAuEeHHe OTHOWSHIA U,/ U, WA $oToaHOnoR NONYyNeHHHX
nerupopanueM Au , Ag ¥ Cu . Kak BHIHO H3 pHCYHEKA, C
pPOCTOM aTOMHOt Macen npumeceif orTocHrHan obperaer
EbIPAKEHHBIR MAKCHMYM, 4 IiyM yMeHbwaeres, Ilo-
BMEHMOMY, TaKoH XapakTep 3aBRCHMOCTH CBA3IaH C TeMIepa-
TYPHO# 32BUCHMOCTBIO BPeMEHH XHIHE HCOCHOBHEIX HOCH-
tenel Toka  CdgaHgogTe. Ina GOTORHOAOB, NOXYYUECHHBIX
Ludpépy3neii 30N0Ta YHCNECHHOE IHAYEHNe U,/ U, TIOUTH B IBa
pa3a NpPEBOCXOANT TAKOBOE MM (OTOAHCAOE, NOMYYEHHBIX
NerupoBaHteM Ag, a And GOTONHOROB, NORYIEHAMX IH]y-
3uefi cepelpa, oTHOWeEHKE U,/ U, TAIOKe B ABa pa3a IPEBOC-
XOQHT 3TOT MapameTp LAA (OTOAHONOB, MOJYMEHHLIX Neru-

TakuM 00pasoM, OCHOBHHIMH MeXaHH3MaMR, ORpele-
AAOWHMYE TOKH B HCCNENOBAHHBIX p-n MEPEXOSAX, nomy-
YEHHBIX METOAOM NHdGY3HH, ApnareTea: npH T<I3C0K » of-
AaCTH NpPHUMECHOH NPOBOOMMOCTH NpecONanactT MeXaHHIM
1Hoxnn-Puaoeckod pekoMOHHALNK YEPE3 TIDHMECKEIE YPOB-
HH B 3aNMPEUICHHON 304¢ H TYHHEAHPOBAHHE HEPe3 MOKanL-
HBIC HEHTPH, a B 06nactTH cOBCTBEHHON NPOBOIMMOCTH MPH
130K npeobnapaeT TepMOGKTHBALHOHBLIE MEXAHH3MBI,
T.€. MeXK3OHHBIH yaapHblil Oxe-MexaHH3M peKoMOHHALMK,

[Tokazano, 4T0 Mo 3IH2MEHHAM OCHOBHEIX NapaMeTpoD
Aya1iye POTOLHOAR NONYYAOTCA NETHPOBAHHEM 3070TA.

(1] P. Gapper. ). Vac, Sci. Technol, B, 9, 1667, 1991 [3]1 A.B. Iopuroes, ®.A. 3aumos, ®.K. Heaes, I'M. Lilars-
[2] A.B. Fopuixes, H H lempoe, O.B. Nopukosa u dp. To- nuna. Fspectua AH Asepb. CCP cep. dua. texn. u mar.
ayuenne Cdy,HgosTe p - tuma andgyauit aomora, Ha- Hayk,, 1982, Ne6., ¢.97
YUHO - TexHuuecknli cGopunk. Cepust 11 - 1986. Bain. 2 [4] B.B. Terepkun, C.A. Crouanckrii, ¢.®0. Cuzop. OTII,
(103)¢c.20-25 Ne3, ToM 31, 1997
A.A. ROCOBLI

Cdx Hgra Nt (x=0,2-0,23) OSASINDA Au, Ag VO Cu ASQARLARININ DIFFUZIYASI {L® ALINMIS
p-n- KEGIDLORI

Osasinda diffuziva iisulu ile quzil, giimily ve mis aggarlanmin vasitesile ahomiy p-n kegidleri clekirofiziki ve fotoclektrik

xassolarinin neticaleri verilmigdir.
Bu p-n - kegidlori asasinda ahnms fotodiodlarin xassalerinin milqayiseli analizi naticesinde, yiiksekkeyfiyystli cihaziarin

hazirlanmas iigiin optimal texnoloji iisullar tovsiye edilmisdir.
A.A.Radjabli
p-n JUNCTIONS FORMED IN Cd, Hg,, Te BY DIFFUZION OF Aun, Ag AND Cu.
Thé electrical and photoelectrical properties of junction photodiodes formed in Cd, Hg. Te (x =0,2-0,23 ), Te by diffusion of
Au, Ag and Cuhave been discussed. By means of carried out characteristics comparative analysis of photodiodes formed by diffusion of

different impurities the optimal variant for properly devices fabricating have been choose.

Aama nocmynaernun: 31.03.2000 Pedarmop: e LI, ABdunoce
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O PEKOMBHHAIIMOHHOM LHEHTPE B ©OCOPUAE NHAUSI,
JAETHPOBAHHOM CEPOI

0. . JABAPAIIBUJIN, M.H. EHYKAUIBWIH, H.II. KEKEJIH3E,
EI'. YHKOUI3E
Touwnuccruit Nocyoapcemeennnil Yrueepcumem
380028, 2. Tounucu, yr. Hasvasaose, 1

B.A. AJIMEB
Hremumym Qusuxu AH Azepbaiidncana
370143, z.baxy, np. I'. rcasuoa, 33

Ha npumepe xpHCTANIOB GOCPHLA AHIUA, TETHPOBANKOM CEPOIt ROKAIAHO, HTO £CAM 13 IKCTIEPHMEHTE YAAETCA onpegenuts sgdeiria-
HOE BDEMA WHIHH HOCHTCNCH L., MDH PAINHMHLIX YPOBHAX HIKCKLUHH, TO IYTEM NOCNEAORATENLHLIX DACYETOR MOXHO YCTAHOBHTL Bpeme-
Ha Oe3B3MYHATE AbHOH PeKOMOHHALHH T,,, BPCMCHA 3aXBATa 3NCKTPOHOB H AKPOK Ka pekoMOHHaUMOHHBIA ueHTp. Takke MOXHO onpeze-
/IHTL NAPAMETPEE ITOMO LCHTPA — KOKUCHTPALMIO, YPOBCHE 3ANCTAHMA H CEUCHHE JAXBATa HOCHTENCH.

HaydenHe BpeMeNH KH3HH HEPABHOBECHHIX Hocutenel B
NONYNPOBOAHHKAX HMEET BAXHOE 3HaueHwe ¢ dyugamen-
TansHoll ¥ npuinagkod Touek 3peHud. Hudopmaums o pac-
CefHHU, 3aXBATe AOBYIIKAMH M B [E/IOM O MEXAHHIMaX pe-
koMGHHALZNU ABNAeTed Gazopoll Ang coIMAHNA MOMYHPOBON-
HHKoBHIX Npubopos. KoHkypupyiomye MexaHiMel Sesniamy-
yaTeNbHOH peKOMOWHALINM, OCYWICCTBAAEMOH, HanpHMep,
yepes AedeKTLl, BEOAHMBIE MPHMECHBIMH ATOMAMM, H H3MTY-
yateNbHOH pexoMOHHaLMH, o0ycnosneHHOH 3cHHOH CTpYK-
TYpoH NONYNPOBOAHHKOR, H3YYTHCE B PA3THYHEIX NOTYNPO-
BOAHUKAX TIPH IKCNEPUMEHTATTEHOM HCCOEAOBAHHW W pac-
yeTHOM aHanuie penaxcauwy (OwicTpomeficTBMA)} U UHTEH-
CHBHOCTH K2nydeHus [1-3]). B paGoTax [4,5] nytem noaGopa
CleAyIUMX napaMeTpos: kodxhiaureHt mipdyun, sddek-
THRHOE BPEMS WHIHW HOCHTENeit NpH PaINHYHEIX YPOBHAX
HHAEKLEMM, 8 AHAIA30HE lO“-IO'scu'J, OeLIN wlpeneneHs!
BpeMeHa Ge3nrsmydarenbHON peROMOHHALIHY 7, B InP , nern-
POBAHHOM Cepoll N0 YPOBHA KOHUETPAUHH 3JICKTPOHOE —
n,=2-10"" em™. B HacTosmedt paGoTe nokasano, 4T ecay U3
IKCNEPUMEHT YNAETCA ONPEALNHTL Toy,, TPH PAVTHYHLIX
YPOBHAX HHKCKLHH, TO TYTEM MOCNSNOBATENLHEIX PACYETOR
MOXHO YCTAHOBUTL 2, BpEMEHa 3aXBaTa 3NeKTPOHOB H Rbl-
pok Ha pekoMOUHANMORHBIN LeHTp. Takke MOXHO onpene-
ANTL MAPaMeTphl 3TOTO HEHTPa - XOHUEHTPAUMIO, YPOBEHb
3aneraHus K ceueHne 1axeata HochTenelt.

Kax HM3BecTHO, HHTEHCHBHOCTE HATYHATENLHOH pekoMOt-
HAUHH NPOMOPLHOHATEHA HIGHITOUHOM KOHLIEHTPAIMUY HOCH-
tencii. Ecnu 8 noaynpoBONHNKKe CYLIECTBYET M Ge3ni3iy4a-
TenaLyblit MexaHHIM pekoMGHHALMH, TO B NpOLEcce penakca-
UHH, HanpaMep (OTOMIOMRHECLEHUHH, BBHIABNACTCA Nepe-
pacnpeaenetue WIODLITOUHON KOHLEHTPALMM ROCHTENSH Me-
KOy KaHanaMu pexomOuHamue. TloaToMy HIMEHeHHe HHTEeH-
CHBHOCTH HINMy4eHUA (KOHLEHTPalMA HocHTeneli) Be Bpeme-
Hu onpepenaeTcA IPPEKTHBHBIM BPEMEHEM HHIHM

Taggp = tnr(AN) T(An)/ Gr(d0) +7(4R) 1)

B Tafnuue nyTeM cONOCTABACHIA IKCMEPHMEHTAABHBIX H
PACYETHBIX AAHHLIX NONYYCHB! IHAHEHHA Topy MPH COOTBET-
CTBYIOLIAX YPOBHRAX HHkekwrH [4,5]. Tpensaputensio ana

pacueroB T, mo (1), HeoGx0AHMO paccyHTaTh MITYYATESNlb-
HB1E BPEMEHA HH3HH N0 Ko3GdHUASHTY MEeKIYIOHKOH HuTy-
gatensHol pexomGunaumy B=2x10"'em?c”!, onpenenennomy
HA JKCMEPRMEHTE JUIA SHCTHIX TIONYTIPOBOAHKKOB = MPH Hu3-
Koit kosLeHTpauHn HocHTenet,

JleHCTBHTENBHO, T,..-dn/ (dn/dt}); dn/dt=R-Rp,
TAe R=Bnp, Ry=BfOs CKOPOCTH HINysaTenbholt pexoMOn-
HAlHH B HEPABHOBECHHIX M B PABHOBECHBIX YCNOBHMAX. [Tom-
CTABNAA n=mp+An; P=po+Ap K CHHTAA YTO An=Ap;pa<<ns,
NOTYHHM;

fnrll /B (Ha+4p) (2)

COOTRETCTBYIOWKE IHAHEHNA T, NPH AHAAOMHYHBIX YCAUBH-
HX TaKK< | ni- ~ Tabnnue. OTHocHTensHar ownbra 8
ONPEASACHHH T, NPHHATA pasHoi 10%.

Tabauua. Bpemennbie XapakTepHCTHEH PekoMGHHALMOHHbIX
USHTPOB B KPHCTAIAX POCQHA HHONA,

N 4p, cr? Tagppinct | Frine) | Torinc)
1 310" 10 250 100
2{ 40" 100 250 160
31 1410 130 240 280
41 110" 140 150 [ 1010
5 2.101 24 25 3000

Jlna onpeacneHuA £, , fpo BHPAIUM 7, Yepe? 3TH Ma-
pametprl, Ilo onpeaeneumo T,..—dn/(dn/dt); -
dn/dE=Rysx~Rics IH€ Reay=¥nlINy (1-f,}, HHTEHCHBHOCTD
3axBara 3NCKTPOHOB JIOBYWIKOR ¢ XoHueHTpauuel N, , ¥p-
K03 PHUNEHT 3axBaTa, £, -BEPOATHOCTL 3ALQNHEHMA JIO-
BYIIKH. Ryos=fN,f¢ = HHTEHCHEHOCTE MPOLECCOR OCBOGON-
neHuA nosyurek, S-ko3PPULEHEHT SMUCHH. AHANOTHUHOE
H3MCHCHHE KOHLECHTPAllMH HAM0 PAcCMOTPETh IAA ABIPOK.
TIpH TEPMOAHHAMITICCKOM PaBHOBECHU Sn=y,pn;p=y.D;,
Toraa

dn/dt=y,N;[n{1-f;)-n;£¢] (3),

dp/dt=y Ny [p(1~F¢) —p1Le] (3"



O PEKOMBAHAIIOHHOM HEHTPE B ®OCOUAE HHAHA, AETHPOEAHHOM CEPOI

Yuyuteiean, wro npu An=4p, dn/dt=dp/dt, nocne

NpHUpaBHABAHHA JBYX YPaBREHMH MIA M3IMCHEHHA KOHUEH-)

Tne=Tpo [ (Ro+n1+A4n) / (notPe+dn) ] +7a0 (PotP1+4n} / (Notpotdn) ]

* 38ECh The=1/¥,N, - BpEMA 3aXBATA ABIPOK, Tpo=l/7alNx BPL-

MA  3AXBATAIEKIPOHOB  Py=N.exp (Ey-E./kT), n;=
=N.exp(E, -E./kT), KOHUCHTpaIMA JIBIPOK B BaACHTHO#H
30HE W KOKLEHTPaLHH 31EKTPOHOB § J0HE NPOBOIHMOCTH CO-
OTBETCTEEHHO, KOTAA ypoBeHb DepMH COBNARAECT ¢ YPOBHEM
pekoMOKHHALKHN JIOBYWEKH, Ep=E, Y4HTBRIBAY, YT0 p1, 01, Do
MEHBIUE 11, EPH HCEX YPOBHAX HHKEKUHH, HMESM:

Tnr=Tpo+Tno (P1+4p) /nohﬂp (3)
W3 TaBnUULT BHEHO, UTO T, PACTET ¢ YPOEHEM HHKEKIMH

Ap, npuanmas 2daverne 100 ve npa Ap=3-10"eMm cm <<y,

Hockonexy & 2ToM c¢myuae II cmaraemoe B dopmyne (5),

fma3ko K HYMO, TO Ty, ~1000c. Tak Kak 7, ;o HO 38BY-,

Topp-{ [ Tao (P1+AD) /No+AD] +Tna0} /B (no+A4p) [ 1/ (ne+Ap) +Tap (D1+4D)} / (no+Ap) +7p0]
|

 Ilns mansix snavennit Ap=3-10"cm*<p,;, ne

Tapg= [ TnoBP1/BNo+ oo} /1+BTagP1+BnoTpo  (7)

Beenem 0603HaveHue f,;=1/Bp;; Tag Ty Tr=1/Bn, TO-
i :1

Topg=TP0 (TNOT, /D oo+ 1) / (1#1RO/ P+ o/ 1) (B)

MocTagngaa ¢ucIeHHbLIE 3HAYCHHE TD;=2.5-] 07°¢, 7,5=3:10°
%, 7=25107c monyckas 107, nomydum:

Toolar/ TotTop) +1wl+ (fno/fpz*fpo/fule 23

M CNENOBATENLHO Tpp=Togy =70HC.

PaccyutaeM TOUHBIE 3HANCHHA p;. Kak BEAHO 13 (5)
too (D1#4D) /N0t Ap=T,.~10p, P;=2-10cu”.  Toumocts
ONpeAsneHus T,; M p; TPOBEPASM NO pacueTaM f,, 1o
{5) . pu yporne umxexuyx 4p=4-10"er>, 1, =1601c a
npu Ap=14:10"%M", 7,=280mc, I pesymeraril cooT-
BETCTBYIOT AAHHBIM MpuBeaeHHuM B Tabanue. Ilpn E ~=E,
YPOBEHL PeKOMOHHALIHONHON NOBYUIKY NQJIHOCTLIO HOHM3W-
posan, { C TOYHOCTBIO 40 CHIDKeHNS yposHA depmi #a KT).

TPALHH 3MEKTPOHOR % MBIPOK, HCKMIOSAOTCH Beuuuibl 4 0
£, B KOHEYHOM HTOTe MONYUASM:

@

|
CAT OT YPOBHA HHAKCKUNH, OUOPSACIHM 3HAHEHHE Tp, HMEHA B

BHIY 4TO [IPH BRICOKKX YPOBHAX WHxekuna 2-10'%cm, Torma
KaKk Cnemyet H3 Tabmuibi r,,=3000Bc ® 7,.<<r,.. H3 {5)
CHEIOYET, YTO Ty 2Ty, (1-No/ N+ AD) , To~3000Re.

OueHnM Haubonbmes 3HAYEHHE MAPAMETPA D;. YYHTHI-
Baf HAMACHHOE 3HAYEHUe T,,~3000HC W paccMaTpHBas ycno-
BHA HHIKOTO YPOBHN mimexumu  (An=Ap=3-10"cm™;
.2 100HC ) T.K. 7 (p;+dp) /no+dps1008c, B 3T0M Ciiyqae
oueHKa NaeT 3nauenne p,<6-10%em™,

VTouHHM MoNydeHnoe 3Haudenne p;. Honcrasum B dop-
MYNY BIA ToppuTncTis { Tnpe Ty } BEIpAKEHHE T, H3(2) W T, H3

Sk

(6)

Tak kak N,=N,exp (E,~E,/kT), 0OCNe UOACTAHOBKH
YUCAEHHBLIX 3HAYCHWH: N‘,=6-10“cu'3, opu % /mg=0.4d,
T=300K nomyyaem E =0.1938.

QuenwnM n; npH  Eg(InP)=133. n;.N.c*%<p<n,
MHHHMANILHOE 3HAYeHHe 3aXBaTa o= {1 Vyl,) !, Tak Kak
Yo=OVp, THe Vi Temnopas CKOPOCTh HOocHTeneit, mpu
T=300K, V=10%¢m/ic. [lomcraenss  N,=2-10"cm”,
Tho=10He, nomysHM o=7-1 0"'%m?,

Takum o0pazoM, MyTeM CPAaBEHTSALHOIO SHANHI2 Thgp
WU Tpr YHRCTCH ONPSICHHTD XAPAKTCPHCTHEN pekomOnHaLn-
ONHOH ROBYIIKK: KOHLCHTPALMIO, YPOBEHD 3a/lCranHs, ceye-
HHC 3aXBaT4, 4 TAKKE BPEeMEHA 3AXBATA 2ICKTPOHOB H AWPOK,
[poBeacHHLI aHARA3 NOKA3bIBAST, YTO NpY GOJBINX Bpe-
MEHaX 3aXBaTa Henwdd npexelpeur #30nIToOUHOR KOHLEHTpA-
uueii Hocurenel, ecnv oHa Jaxe nepemvka,

TlopoSuniit aHanM3 no3poNAET Takike YCTAHOBHTHL AOMH-
HEHPYOUwHil MexanusM pexoMOMHALKK B 3aBHCHMOCTH OT
yposra wkexuui. Hanpumep, B nosynposoinuke InP, ne-
THPOBAHHONO JOHOPHOH NPHMECHIO - CEpOil, A0 YPOBHA KOH-
ueHTpauMu mocutened no=2-10"en, GestrumydaTencHan
pekoMGUHALIMA BOMMHHPYESY NMPH HMIKHX YPOBHAX HIDKEK-
LMK, 3 M3TYYaTeNLHAS - NpH ypoBHax cebiue 1-10%cm,

(11 AM T'ypees, O.H. Hasapawewnu, H.H. 3acasumckui,
B.H Mayonaweuny, AT Homog- OTIL 1.9, N 10, ¢.
1902 1975.

[2) O fasapaweunu, T.®. Kapaeaes, E.T. Kamaee,
B.T. Twmepog - DTII, 1.26, N 5, ¢ 905, 1992

[3] B.M Ardpees., O.H Hasapawsunu., M.C. Mamunosa.,
T.JL Mxeudsze u Op. Tpynel MexHynapoanol xoude-
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PEHUKU MO QUIMKE H XHMHU TeTeponepexonon, byna-
nemrt, 1970.

I.Rosenwaks, {.Shapira, D.Huppert. Phys.Rev B, 45,
2108, 1991

L. Rosenwaks, I.Shapira, D Hupper.t Appl.Phys.Lett.
57,2552, 1990

[4]
(5]



O.1.Davaragvili, M.1. Yenukagvili, N.P.Kekelidze, E.Q.Cikoidze, V.9. Bliyev

KUKUORDLY® ASQARLANMIS INDIUM-FOSFIDDO REKOMBINASIYA MBRKBZE

Kikirdla asqatrlanmis InP kristahmin nimunasinds gésterilmisdir ki, agar tactiibede miixtelif injeksiya soviyyesinds muxtelif
yukdasiyicitann effektiv heyat midddetini te’yin etmek olarsa, onda ardicl hesablamalarla siialanmasiz rekombinasiya miiddati,
clektronlanin ve desiklorin rekombinasiya merkezine zebt olunmasi middetlerini tapmagq olar. Bundan basqa merkezin
konsenirasiyasini, saviyyasini ve yukdagiyiclann zabt olunma kasiyini da te’yin etmak olar.

O.1.Davarashvili, M.I.LEnukashvili, N.P.Kekelidze, E.G.Chikoidze, V.A Aliyev

THE RECOMBINATION CENTER IN InP DOFED WITH SULPHUR

In the InP crystals doped with sulphur is shown that if fiom the experiment may determine the carviers effective time of life at different
levels of injection then by successive calculations way the time of nonradiative recombination , the electrons and holes occupation time on
the recombination center can be obtained. Also the parameters of this center as thus the concentration, the levet and the carriers occupation
section can be determined, :

Hama nocmynnerun:20.08.2000 Pedarmop: M.I. Ilacmaxmuncrasi
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ONEHKA ITOJIOCHI H3BHPATEJBHOT O IIOI'JIONIEHNSI BOJIH
B JIBYXCJIOMHON CHCTEME HAJEKTPUK-AADJIEKTPUK

K Y.0. KAJTKAP, C.P. KACHMOBA

Hucmumym gomosnexmponurxu AH Asepbatiodxcana
370141, Baxy, yn. D. A2aeaa, 533 xeapman

Hecaenysorca 3aBMCHMOCTH MOAOCLE MPOCBETACHHUA ABYXCNOHHON CHOTEMEI AHINEKTPHK-MNFNEKTPHK OT TORINMHHE CHOR NOKPLITHA
HHIAEKTPHHCCKHX CBOACTE NOXPEITHA M NOTACIWAIOWESH NOGI0KKH.

ITpr paspaGorTku MOKPBITHA M4 FPOCBETICHHR PasiMi-  rae M, , N, - COOTBETCTREHHO MPOMIBOANKIE IO peryns-

HBIX AHINCKTPHYCCKHX MOAAOKCK BAXKHLIM ABIACTCA QLUCHKA pyeuom’y napaMmeTpy PelecTReHHON W MHMMOIT wacTell

CTONCHH NPOXOANCHUA NANAOIIEro HITYSCHHA B TPCASIAX  BxoAHOTO CONPOTHBIEHMA Z, OTpakawilell cnoucTolt cuc-

HEKOTOPOTD KHTCPEANA HIMSHORUA JIHHE BONHE! WUIYSCHMA  peyp) npuBesieHHON k BONHOBOMY CONMPOTHRNEHMIO Z, CBO-

- {1,2). Tlpu pewesn orofi samaus yuteM, 4TO UEHTP TakoH g0 oro npocTpancTea npH A=A, ; Ay — 3HaueHue ARHHLL

NOJIOCE! PEATHIYETCA B TOUKE JABHCAMOCTH KOSGOMMEHTA  porry o voTopoll BLINOMHAIOTEA YCHOBHA Besotpana-
OTPAXEHHA 0 BONHW OT AAHHI BONKE 4 , FAE BUIRORMAOTCA  yomy 100 raienya BOMK B PACCMATPHRASMOI CHCTeMe,

YCROBHA PaBEHCTBA HYJIIO BEAHMHHS 2 W ¢¢ Nponzpoauof [3] 3
RN
_ n=ts 18 12]18 19 20 \
\ a \\
\\ 4 M,
L \ 2 P

AgtS 18 L7 48 {9 20 o~ \
. ; <
\
N“\\_ \h 2
N a ~ st S
= u A/-.? -h-__-""""--. -"""""--—-._,_____h .3
—_— :?_‘T’L" ——-—"a.-.__a-n"' — -"ﬂ-_.‘_:-—._____‘ &
e O I T
e e e e d
i -
: | | 4 - 16 16 . 20
1 ) 2 3 4 n,

Pric.2 3aBUCHMOCTH DPUBEICHNBIX 31a4CHNH OTHOCHTENLHOH
nonock: noracuenns  Al/App, OT PeroNaHCHLIX BESIH-
YHH X053 $UMEHTE NPENOMICHYA /» MATEPHANA NOTAO-
WaoNEH NOANOKKH RPH PASNHYHEIX SHAHEHHAX KO3Ch-
(PHUMEHTA NPENOMACHHR 711 M TOJNLUNHAX TOKPHITHE CO-

Puc. |, 3apucHmocTs HpRBSACHHEIX 3HAYCHHA OTHOCHTEREHON
nonocsl nornowesns A1/ 1o, OT pe3oHaHCHEIX BER-
unk KoMPGHUKEHTE NPEAOMICHHA Ny MATSPHANA NOKPhI-
THS TIPH TOAHIMHAX TOKPRITHA, paBHLIMH (2N=1) /4

JNMHL BORHW 1, B MaTepuane NOKpLITHA. Matepyan QTBETCTBYIOIUHX TICPBEIX TPCM HYACBLIM MERHMYMaM
NOARONEH HE DOFN0LUACT MANAlOWEe HIMYYCHHE. xoaddunmenTa orpakenns p.
Mosso nokasats, cienya [3), uTo npu 3THX yenosHax BxoxHoe CONPOTHBASHHE RBYXCAOHHOK CHUCTEMEl, Co-

HHTEPBAN HIMEHEHHA I/THHBI BONHL 44, B npefenax KoTopo-  CToAWEH H3 GECKOHEMHOro Mo TOMWHHE CNO3 AMCKTpKYe-
10 K03(hHUUEHT OTPaKEHHA £ BOQJIHbL HE TIPEBHIDAST HEKO-  CKOH MOMNOKKH H HEHECEHHOTO HA HEe CIOA HEMOraowWwaio-
TOPOre 3a0aHRONC 3HAYEHNA Py, ONPEAEINTCA H3 BRpaXcHdx  LICTO NMOXPLITHA paBho

1= ff : ; (1y 7 =g ZFiZitgkl )
Jorry + (Y by iztgkl
" " - n e - et . pde




YO KALKAP, C.PHACHMODA

rae 2, Z; - BOMHOBbIE COMPOTHENEHHS COOTRETCTREHHO
MaTepHalOB HOLNCKKH W MOKpMTUA, k=2x/4; 3 A; U 1 -
COOTBETCTBEHHO BONHOBOS THCNO, LUTHHA BONHE W TOJMEMHHA
crof mokpbiTid [4].

Beenem ofo3HaueHUA a=ctg 2al/i; . YureM, uto
Z2.=2y/n; » Z=F,/n(l-iy) . Torma uz swmpaxenusn (2}
clesyer, YTo

M= n(l +a2)
~ a?n?{1+ y?)- 2aynn, + n?
yoaln?liey?)-nil-yon1-02) &

nle?n?(1+ y?)-2yann, +n?|

B usHTpe Nonockl, FA¢ BHIMONHAKTCA yoiosda GesoTpa-
KaTEeNBHOTO rameHmua BoHsl =0 u p'=0, M; =1 1 N=0
[3]. 3 3THX COOTHOLICHHI BEITEKAIDT CASAYIOLMHS YPABHE-
HYA, CBAZBLBAICLINE MEX LY cOJOR TORUWMAY 1, CNOA NOKPHI-
THA, ANHHY BOMHBI Az B BEWIECTHE MOKPAITHA K AHINEKTPH-
YesKHE APaMETPhl MOKPBITHA H MNOLNOXKKH, COOTBETCTBYIO-
LEHE YCTOBHAM G£30TPaKATENBHOTO ralleHHA BOMH B pac-
cMarpHBacMolf CHCTEME

y‘:i n?~n n-1) . (4)
n
L 1 arctg Zyznn’ - )
o 4 n;—n (l+y )

Henoneiyn BsipaxeHus ans M w N 8 ypaBHeHun (1),
(0AY4HM C y§eTOM YCR0BRIL (4) ¥ (5) 6e30TpakaTenbHOro
rAUICHHS BOJIH CAGKYIOLEE COOTHOWEHHE ANA OTHOCHTEb-
HOH TION0CH! raleHys BORH B ABYXCIOKHOMN cHCTeME OHINEK-
TPHK-ANINEKTPHK

1 A1 2. ..n
= = 1; ! . (6)
p. A, ml\n;-1

Hz Bripaxerun (6) cneayer, uTo npu BLIOPAHROM YPOBHE
Pr OTCHETA AONOCH! TalleHus BSnusw A=4, e RenHuHHA

JARHCHT OT CBOHCTE NPOCBETIAIOWIENO THOKPBITHA H OTHOWIE-
HiA 1,/410, CEA3AHHOTO B CBOK) O4epens ypabBHeHueM (5) ¢
AHANEKTPHYECKKMU CROJCTRAM MOMNOMMAOLIEH NOLNOKKH H
NOKPLITUA. ECIH B Ka4ecTBE NOLIOKKH HCOONLIYETCHA HENO-
FNOWMAKMIHA IYIMEKTPHK, TO B 3TOM cnyqae v = (0 4 OT-
HOLHEHHE I /Agp CTAHOBMTCA PaBHRIM (2N-1)/4, roe ¥
HOMeEp MHHHMYMA QYHKUHE o (1), NpU KOTOPOM O AOCTHIA-
eT WyNeroro Havenus. Jng 31oro cnoyuaa ypasHeHue (6)
YNPOUIAETCA U NPHBOAUTCA K BHAY

i.ﬁ= 8111 . (N
p. A, =mn?-1fon-1)

Ha pue.]l npencrasnerbl BHIMHCNEHHLIE N0 YPaBHEHHIO
(7) 3aBHCHMOCTH NpPHBEASHHLIX BENHUMH OTHOCHTERLHOMH
nonoctt ratenns Ad/pdy or wiBHpaTennHBIX 3HA4eHUH n;
MOKPLITHA NMPH PadIHYHBIX HOMepaXx N Tak Ha3blBacMBIX
HYNEBBIX MHMHHMYMOB $YHKUHH 2 (l). [Ilonoca raweHda
YMEHBINAETCHA ¢ POCTOM ;3 H N HE3ABHCHMO 0T AHIICKTPH-
YeCKHX ¢BOHCTE MOBAMKKH.

Ilpr Ham™HA NOrMOEHHA B MATEpHANS MOMNOKKH YC-
NoBHA Ge30TpamaTeNLHOTO TallleHHA WIAyYeHWA npi N =1
CO3Ja10TCA NPH 3Ha4eHHAX 1,/ A< 1/4 W monoca rameHHA
BO3PACTALY MO CPABHENHIO ¢ Hemornowarwed cnetemMoi.

Ha puc.2 npeacTaefneHil BLIMHCACHHBIE MO YPaBHEHHAM
{4) - (6) 3aBUCHUMOCTH NPHBEACHHBIX 3HAYSHHH OTHOCHTENL-
Hoit monocel rawenns Al/pd, OT peIoHAHCHBIN JHAYEHHE »
MaTepuana noaaokkd. OHH CBHASTENLCTBYIOT © TOM, U4TO
NpH 348AHHOM YPOBHE O, OTHOCHTEJILHAA MONOCA TalleHHA
npH A = A, NoHKaeTCA ¢ noBsilieHdeM n H N. Hamerenne
BEAHYHHEI #; NPH 3aKaHHOM 3HAYCHHM 11 NPHBOAHT X OTHO-
CHTeNLHO HeDombuIOMY YBeNHUEHHIO nonocel. Cneayer oT-
METHTB, 4TO H3-33 NepROAMYHOCTH GyHkupuu o/} ycroBus
GeroTpakaTeNBHOMC FALEHHA BOMH MOCYT BLINOJAHATCS NpH
TOMILKHAX CA0A NOKPBITHA OTCTOAIIHMX JPYr OT Apyra Ha
paccroanuax A,/2 Floatomy npH GopMHPOBAHHM NPOCBeT-
MAFOLIMX MOKPLITHA TNOBBILIEHHE PeICHAHCHOH TONLIMHE!
CNOA AOKPHITHA GYBET NPHBOAHTL B COOTBETCTBHE C YPaBHe-
HieM (6) K CYLUECTBEHHOMY CHIDKEHMID HONOCH TallleHUA
BOAH B CHCTEME.

{1} JLAL Bpexogcxux. BOSHBL B CIOUCTRIX cpefax. M.1957.
{2] @ Baw de Bure. CG. IMomynpoBoaHHKOBEIE (GOpPMHPO-
BATENIH CHTHMIOB u300paxenua, M. Mup.1979, ¢.28.

[3] 3P Kacumos, MA Caduxos, P.M Kacumos,
Y 0. Kadacap. Hinkenepio-dusmmeckuil xypaan 1999,

1.72, Ned, ¢.736-738
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[4] A.D. Xapgeii. TeXHHKA CECPXBBICOKMX wHacTor. M.,
Cos.paznno, 1963, €.1.
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OQUEHEKA 11010CHl H3E] YOG NO EITHA BOJI ONHOI CHCT HATEKTPHK-AIDJEKTPH

€.0. Qacar, C.R. Qasimova

DIELEKTRIK-DIELEKTRIK {KILAYLI SISTEMIND® SECICI UDUCU DALGA
ZOLAGININ QIYMOTLONDIRILMOS!

Ortiik laymin qalinhiiindan, Griiiyin ve wducu ézillin dislektrik xasselorindon dielektrik-dielektrik ikilayh isglanding zolagm
asilihgs tadqiq edilmisdir.

Ch.Q.Qajar, S.R.Kasimova

THE ESTIMATE OF SELECTIVE ABSORPTION BAND OF WAVES IN TWO-LAYER
SYSTEM DIELECTRIC-DIELECTRIC.

The dependences of ranslucenceband of two-layer system diclectric- dielectric on thickness of cover layer and dielectric propertics of
cover and absorbing substrate are investigated,

Hama nocmyraenus: 01.05.2000 ' Pedaxmop: Lxc, I ABdynos
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FOPEKTHUBHBIE KHHETHYECKHE KOO®OHIHNEHTHI B

CIOUCTO-HEOTHOPO/JHBIX OBPA3IAX

b.3.AJIKEB
Azepbatiosicanckuti Texwonozuveckuii Hucmumym,
2.landoca, ya. 28 mas, 103

K.BIYPBAHOB
Hucmumym Qusuxu AH Asepbaiiodicana,
370143, 2. Baxy, np. Joccasuda, 33

B E3HHOH CTATLE MBl PACCMATPHBACH CBAZL BPHEKTABHLIX (HIMEPACMLIX) koo PULMEHTOB XAPAKTEPUCTHK 00pallia B UENOM C #NOKANL-
HBIMH» KMHETHNCCKUMY KODQHUMERTANY, XAPAKTEPHIYIOLNIMH CBOHCTEA OTACNLHLIX CA0EB. MBI HCHONE3022NH TOT k€ NOAXO, 4TO H B

(1], oauako, paclIMPHIKH YHCAO eKTOB H PACCMOTPEAH cny4aii NPOH3IBONLHONY MarvHTHOrQ II0A.

PaccmoTpHM cpefy, ¢BoficTBa KOTOPOH NPOCTPAHCTBCHHO
HEONHOPOMHL! B ORHOM H3 HATPaBICHHIH (COBMECTAM ¢ HUM
0Ck 2), H UIOTPORHYIO B MIOCKOCTH (X, ¥), MEPACHANKYAXP-

Ho#t 3ToMy Hanpassictio. TIycTh anexTpHycckos mone £,
rpa;deHTsl TEMNEpaTypsl T' H XMMHYECKOTO NOTCHUHANA K
He WMEIOT COCTABMAMILMX NO OCH Z, @ MarHUTHOE NONE Ha-

npaeneHo no 310k ocu: B =(0.0.B,). Toraa cocTas/aio-

IMe BEKTOPA JOKANSHOA THIOTHOCTH TOKA MOXHO ONKUCATh
VPaABHE HUEM:

2 lou &, oT
- AE +=—)- b, —
A k§=‘;aak( TG k) ;.;' #* :

Lk=xy

Ecnn pasmepel 00pasUa B NAOCKOCTH (X, y) CYLECTBEHHO
Boaslle, SCM M0 OCH z (B TOHKOH IUIEHKS, HAMPHMED), 3aBH-
CHMOCTBIO SHEIIHUX TOAEH oT 2z MokHo npenelpeds. B 10
ke BpeMs «oBoBLIEHHBIEY KMHETHYECKHE KOIGONUHCHTH
833 Dy k X2PAKTEPHIYIOIINE CBOHCTBA CPEHblL, &, CNCAOBA-
TERBHO, H MIOTHOCTH TOKa J; GYHKUHAMH Z.

TTpOUHTErPHPOBAB AEBYIO H NPaBYO YaCTH YPaBHEHUA {H
No nepementioR z B npeaenax ot 0 oo d (d-ronwwHa obpas-
ua) » seead 0GoIHAYCHHE:

(n

1Y _
g!@(z)dZ=<¢>
NOMYYHM :
J 3 L Hu ! aT
<jie=Y<a,>—(=-@)-) <b>—
J *Zﬁ: k Bxk(e p) ; &, @
(ik=x,¥)

Taknm ofpazom, ecld BHEWHHE MOAS HANPasNeHHl Mep-
NEHARKYAAPHO ocH z, To dddexTraHiie “obobueHnble” ko-
3 QULHEHTEL PaBHEI CPEIHUM N0 TOAUSHHE!

(@ix) sp=<a1x>Dix) sg=<b1x> 3

JNoxansuuie xoadduumenTsl  ofnafaloT creAyolEMH
ceofictRamMi CHMMETPUN:

G, =4, a,(B,)=a,(-B,)
by =b,; B.(B.)=by(-8,);
a,(B )=-a,(B.) a,(B,)=-a,(-B,)
b,(B,)=-b,(B,) b,(B,)==b,(-B,) |

ro@

Temu #e cpolicTBaMH 0DnAfaOT K YCPERHEHHA <djp>,
<bjp>.

B akcriepumenTe 00bIMHO ONpEISNSIOTeA He KOPhHLH-
EHTHE a;; D WK <a;.> <bj,>, (B CAY4Yae HEORHOPOD-
ROM cpenbl), a Hekue MX kKomOuHauui. PaccmoTpum Haubo-
nee BaXkHLIE M HACTO WecaeayeMbie 2ddextsl cHavana ana
Clyuan OAHOpPOAHOH cpeabl, Henons3ya (1) v (4).

VOensHOe COMPOTHBACHHE (MIMEPRETCA B  YC/IOBHAX:
P T=V, T=V =V u=3j,=0}

.}k ax.t

p=tb=—"2 (5)
E, a +a,
KoapdaunenT 3ecbexa
(j=0, V,T=0)
)
E +-- 2%
— e &x aﬂbn"'ayxb)u
a=—737 - H =3 (6)
or au+ayk
dx

Koapguuuent Xonna:

(VI=9,T=Vu=Vpu=j,=0)
R = E, 4y 1 N
al, +a. B,

Kosgduimtent  nonepeunoro  3dgexrta  HepHera-
Srmanrcraysena (FI9H3I):

(jy=i,=V,T=V u=0

0-- E, _bua,-ba, I ®
V.7 B, al,+a, B

z

-



P B

JHYECKHWE KOPPHIHEHTH] B

HauGonee npoctofi BIA BLIpasKkesHA ANA yAenbHOH a1ek- -

TPONPOBOAHOCTH V, T=V, 7=V, =V, u=E,=0
o= s =4, )]
x

[IpUMEHHTENLHO K  PaccMATpHBaeMoil  HEONHOPONHOR
cpene ypasHeHHA (5)...(9) ONKCLIBAIOT “HOKANLHEIE™ KHHE-
THUeckHe koapduurent), T.e. kodpDHIHENTL, XapaKTepH-
3yioIlMe CEOHCTBA TOHKOTC CJIOA, B MPEJeAax KOTOpore cpe-
HY MOXHO CHYHTATh OAHOPOIHOH.

OcoGEHHOCTE H3MEPEHHA TeX Xe KMHSTHYECKHX Kkoaddn-
UMEHTOB B CHOUCTO-HEOAHOPORHON CpeAe COCTONT B HEBO3-
MOMHOCTH NPH HANHYHH BHCWHHX NofeH obecneuwte pa-
BEHCTBO HYAK TOKAZ MNK OXHOH M3 €ro COCTABNAICMIMX j
WIH j, BO BCEX C0AX OAHOBpeMcHHO. Pazopsae Tokomyio
Henb, MBI 3a4acM YCIOBHE, F=0, WIH <j>=(, HO 3T0 O3Ha-
YaeT NHIE, YTC TOKH, TCKYLIHS B PAIHLIX CIOAX KOMOCHCH-
pyT Apyr Apyra. CkoppeKTHPOBad COOTBETCTBEHHO YCNO-
BHA HiMepeHua (Hanmpumep, mia 3ddekra Xomsa <j,>=0
.Bmecto F,~0) H ucnonesya (2), MEl NOAYYHM BLIPAKCHHA
117 peanbho ONpeacnteMbIX B 3kcnepuMente 3PpPexTHBHEIX
KHHETHMECKHX

He NIOKaNLHOM INEKTPONPOROAHOCTH.

0-H HOPOAHLIX OEPA’

B 0CTANBHEIX CTYJanX COOTHOLICHMA MEXAY WIMEpAeMEI-
MH IGOEKTHBHLIME K03 (HUNCHTAMH 1 YCPCAHCHUAMM 10~
KaBHEIX ko3giummenTor Gonee cnoxubie. Yrobul Hx nomy-
YATH, BLIPAIHM a;) by Uepes o, g, R, «&,QC NOMOLIBIO

(5, (9

" R
a, =0, a,, =-—a;B,; an
R
b, =c{a- Q—B: ),'b” = -—cr(a£+ Q)B,
P P
(12)
Hcnonesys (3,10,12) waxonnm:
R
<o— >
Rap = P 7 (13)
<o>'+<o=>* B!
P

Tem e cnocofoM HAXOOHM BLIpaXKEHHA H ONA JPYTHX
3bhPeKTHBHLX KordduneHToB;

(25

ko3GpHUHERTOB. OHR  OTAMMAIOTCA  OT <o>
{5)...(8) TeM, UTO BMeCTO &, H by, B HHX BXOOAT <a;> H Py = 7 {14)
<b;,> Tonpko »(dekTHBHAA YAENLHAd INEKTPONPOROI- <g> +<o—>' B
HOCTL DpeacTasnser cofoil NpocToe yepeAHeHHe N0 TOAWIM- fo) )
: J
R
<o>|<oa>-<o— Q>B <o'a—>+<oQ> <o—>B;
1L X Jd.L R. L (15)
.<cr>’+<a—> B! <o> +<o—>" B!
P P
R R R
<a>[<aQ>+<aa—> <oa>—-<c—Q>B |<o—>
£d4 = (16

O U P
<o> +<o—>" B;
P

Balpakerua AA JOKANbHEIX U 3hekTHBHbIX Ko3dduan-
eHToB p, R, @, — yNpOLIAWTCA B NPEACNBHBIX CRYYAAX
CHIBHOTO M cnaforo MarHuTHeIX mioneh. Tlepebtii cnywaii
PEasIH3YETCA TIPY BHTONECHHH YCNOBHHA:

2 2
a., <a >
2\ >»1, | —E—]| > L (17
a, A <a, >
BTOPON NpH
a : <da._ " :
2 e, | 25— << L (18
a,, <da, »

R
<o>'+<o=>" B

p
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B xonnoeckoit reometpun { } =(;,.00)
B=(00, B, })) B onsopoanoii cpene BenHynHa

I _Rp g

an P
ONpeseNAeT TAHTEHC YRNa NOBOPOTA ICKTPHUECKOTO nons
OTHOCHTENBHO TOKA (XOMIOBCKOrO YIAA):

E, .
Zr =B,
EJ

Tlapametp  MMEET pPa3MEpHOCTE TOABWXHOCTH K 3HaK,
COBMANAIOMMA  CO  3HakoM R. ByaeM  HaibiBarh



B3 AMUEB. ICB. CYPRAHOB

I xonnosckoii MOARKMXHOCTBIO. Benmiuta |ff| 32BHCHT OT
HanNPAKEHHOCTA MArHUTHOro nond. B ciywae, korna B nepe-
HOCe }"'IaCTBYET OAHWH THN HocuTensef 3apuna, JABHCHMOCTH
R(B,) W p(B,} B oAHopomHol cpede MOHOTOHHOE M HACHI-
WAOTCA NpH B,—ro0 (Mbl HCKIOHNAEM H3 PacCMOTPEHAA
KRAKTYIOLHE MATHATHE MOA), CoOTBETCTBEHHO HachlWia-

eTCA U 3ABHCHMOCTE ﬁ( B ). na GonewnscTRa NOAYNpPO-

BOMHKKOB OTHOCHTENBHOE HiMeHeHue U npy mobwx 3Ha-
LEeHHAX Bz HeBeNnHKO., MEeHbIIS MIIH nopﬂmca eqIHHHUEL. 0‘[‘

IpefidoBofl MOABHAKHOCTH Be/IHYMHA |U| OTAHYACTCA MHO-

HATENEM NOpAAKa eAUHHIBL B cnoncTo-ueoqHoponHoi cpe-
Ie xohnopckuil yron paseH:

<a, > R,‘p
- —2B, U B, (19)

<y > Py
DddekTBHAA XOMNOBCKAR TOJBIDKHOCTE (TOUHEe, ee MO-
AYNML) MOXET CYWeECTBEHHO OTNHMATECA OT PPeKTHBRHOH
npeitdoBoil. B YACTHOCTY, NPH HANHUHH CJOEE C HOCHTENA-
MY 33pAAA Pa3HBIX 3HAKOB MOKET OKazaThCH, YTO Ry H

63@

HOCTE, ONpenenieMas COOTHOLUCHHCM

paBHBI HYMO, B TO BpeMs, Kak ipeiiporas moaBHK-

Gaqb

20
94’ e<n> 20)

Beerda Sonbwe HYNA. (3Zech <n> - CPEAHAA MO TOMLIMHE
KOHLEHTPAUNS HOCHTENCH GE30THOCKTENBHO K HX JHAKY).

Usg

KantHasa |GI ama moboro uz CNoLE, 4 YCJ0BHE CHNBHOTD

MOHET QK23ATRCA MCHBLIC, YEM NO-

ACHO TAKKE, 4TO

MArHHTHOTO NoNA Honee HEeCTKHM.
B panbHeHWEM, TOBOPA O BbITIOIHEHHA YCIORHA CHIbHOTO
nons, Mb Oyoem nomarath, M4T0  OAHOBPEMEHHO

(ﬁ(z)Bz )2 =>1n u(qusz )2 »> [. Yenoene cnaGore

MATHATHONO MOMA COOTBETCTEYST COHOBPEMCHROH peannsa-
LK 00paTHBIX HEPABEHSTR,
B cuAbHOM MarHHTHOM nione

<Q(R‘°)">+<p (R‘“)"><a (R°)" > <ap™(R*)” >

1 1 ! !
a,“ E’}‘, a” -B-"-, bn -Ez—, byx E—'-,

NO3TOMY BBIPAXEHHR WA KHHETHUECKHX KOd((HILIEHTOB
MOKHO YNPOCTUTL, mpeHe(peras MajlkiMM N[O NApameTpy

(633 ) cnaraembima.

Flpu atoM
Iimay,(z)=——Q(z)”(Z),
B, —r= Bz
rie g==+e AR ALIPOK H MNEKTPOHOR COOTRETCTRERHO
w )
(2)=———
9(z)n(z)
21)
Ry = — ! y
<gn> <(R®)" >
3apHCHMOCTH AOKANBHEIX KO3GdHUMeHTOE o (B,} H

a (B,) B CHIbHBIX [OAAX HACBILIAIOTCA TaK Xe, Kak R (B;),
CTPEMACH K KOHEYHBIM 3HAYEHHAM 0 M & K03 dHUMEHTH
3NEKTPONPOBOAHOCTH H [I3H3 yMeHblIaloTCA C pOCTOM MO~

1 i
L —
n B Q32

AHanormebiii xXapakTep HMeIOT NONEBLIE IABHCHMOCTH
abdexrusHbix korddruMeHTOR

- (pw(Rm =2 >
pmp = <(ch )-J 2 (22)

o _<a”(R*)” > 23
> <(R°°)-f >

g, =<p°(R*)" > B} (24)

o . . - 29
O <R) > <@®R° ) > B! <R )" >? B!
|
B cnabom mone, ey npeHeOpeub KBaAPATHYHLIMH (10 B 2 < QT >
NONpPaBkaMH, TORYJaeM: Uy = <o > (28)
Py =T g (26)
w» T ¢ <Ro’>
R., =<c}'—>2 (29)
Pl =< p’ > on
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BHE| THYE E KO3®EHUIHEHTDLI B CTOUCTO-HE b X

0’ <Qo> N <aRa’s> < Ro’ ><ao> OrtHoCUTeREHbIE HIMEHEHHS Pog' M yy B CHAOOM MATHITHOM
#" o> <o > <g»? 1noJie NpOTOpUMORANTBHE] Bf H ONIMCHLIBAIOTCA BRIDOKEHAAMH
(30 |
4
6 < _Po, > 2.3 2 2
4p P <Rc’> _, <Ro‘>" _,
—| = + -B; -————B; 3n
Ple <O> <o> <o>

(ﬁ] =(_A_l_p_ Jldoa> <aRo’ ><Ro? > +< Qo ><Ro’ >__ca'>c‘_QRa'>B: 62)
o

2 oo <o > LT >Qo> O > AT >

B zawmouenHe HeOOXOAMMO CHENaTh CAEOYIOLHE 3aMe- Irne 1 — MaKCHMANLHag U3 XapaKTEPHCTHYECKHX ANHE (ne6-
yaHHs. B CROMCTO-HEONHOPONHOM MaTephane AOKANBHHE  pofifieRckoll BOAHLY, cRofoAHOTO Npobera M 1.1n.). ECAH pedb
KO3(Q(PUUHEHTEL MOrYT OTIHMATBCA OT CBOHX 3HAYCHMH B MOeT He O HENMPEPLIBHON 3aBMCHMOCTH N {Z), TO B CAOKCTON
OHHOPOAHOH Cpede TOro e cocrapd. MOKET CKAIBIBATECK  cTpyKTYpe B COGCTBEHHOM CMBICNE 3TOCO CIOBA, AHATOMHY-

BNHAHHE COCESAHHX CJIOCB © APYTHMH CBOHCTBaMH, BCTPOCH- HOE YCNOBHE MOKHO 38NKCATE B BUAE:
WeIX noned, pazmepHsix >ddextor B T.ML. B npocreifem

Cydae, KOTAA HEONHOPOAHOCTh OGYCIIOBICH TOALKO HENo- d;>>1 (di-Tomumsa cnoes)
CTOAHCTBOM KOHUSHTPAUHH 1 (Z) HCNONBIQBAHHC BBNUC
NPHBEACHHEIX QOPMYN ¢ NOACTAHORKOH B HKX HOKANBHBIX  MoxHO HANEATLCA, UTO OCHOBRbIE OCOGEHHOCTH 3(iexTHa-
koadduuneHTOB o' (n), R(n), &(n) RT.A ONPaBRAHO  Hpix KodpduUMEHTOB GyXYT NPOABNRATHCA, 4 pacueTl OyayT
MpPH BbITIQNHEHHH YCNIOBHA " DaBaTh Pe3YNLTATh, He OYSHD OTNHYAIOWHECA OT HCTHHHBIX,
NpH BRIMONHEHHH MEHES KECTKOM HepaBeHCTRA:
1 dn

:-:{;I((L di>1

(1) Tossyman B.M., Hawescxwi 3.M., Kaiidanos B.H., Ko- o i
aomoey H.B. Tlnenounsie TepMosneMeHThl (pusuxa u . L e
nprmesie).M.: Hayxa, 1985 o -

B.Z. aliyev, K.B. Qurbanov
LAYLI QEYRI-BIRCINS SISTEMLORD®S EFFEKTIV KINETIK 9MSALLAR

Taqdim edilen meqalode, sistemi tam xarakierize eden, effektiv emsallarla, ayr-ayn laylan xarakterizo edon “lokat kinetik am-
sallar” arasinda olan elageler aragdinlmigdir, Maqalads ixtiyari maqnit sahesinin to'siri haqda, goxsayh effektlarin aragdinlmas
aparilaraqg, gosterilmisdir ki, layl geyribircins materiallarda “lokal kinetik emsallar”, uygun bircins materiallardak: smsallardan
ferqlene bilor. Buna sebeb, qeyribircins materiallarda qonsu laylann ferglenen xarakteristikalanmn, 8lgh effekilerinin vo s.
te’sirlarin olmasi fikri sdylenilir,

B.Z. Aliev, K.B. Gurbanov

EFFECTIVE KYNETIC FACTORS IN LAYERLY-INHOMOGENEOUS SYSTEMS
In present article the connection of effective (measured) factors characterizing the sample as a whole with "local” kynetic factors, charac-
terizing the properties of individual layers is considered. Number of effects is expanded and the case of unspecified magnetic field is consid-
eved.

Homa nocmynnenun: 05.04.2000 Pecanmop:A. M. Nowunos
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POTOIJNEKTPHIECKHE CBOMCTBA COJJHEYHOT'O 3JEMEHTA HA OCHOBE
BAPBEPA LIOTTKH Cu,0-Cu

3.H. 3AMAHOBA, JI.A. ATHEBA
Hucmumym Duzuxu AH Asepbatioxcana,
bary, 370143, np. I'. Ipicasuda, 33

B racromuch paboTe NPHBOIRTCA PeyNLTATI HCCNEAOBAHHS DNEKTPHHECKHX U (POTOMEKTPHYECKHX CBOHCTD KOHTAKTA Cu;0-Cu ka oc-
Hooe ponesT-amnepustx (BAX), someT-emkocTHbix (BEX) v CrckTpabHMX XapakTepHCTHE.
[posenes ananu3 mexaHHIMOB TOXOMpOXOKACHHA Yepea Saphep Lilorrkn CuyO-Cu, onpencacs napamerph Gapbepa.

BBEIEHWE.

B riocneIHne roos HHTEPEC K HOCAEHOBAHHAM KilaccHYe-
ckoro nonynpoBoaruka CuaQO CBA3aH C MIYYEHHEM KBAHTO-
Bbix OueunH {1), ontiaeckero Lrapk-addexra [2], nostomy
pazpaboTka conHeMHbIX InMeMenToB (CI) (3], BhicokoTeMnE-
PaTYpHBIX ¢BEPXMPOBOLHHKOB, B COCTAB KOTOPHIX BXOAWT
oxcHa Meny [4] M T.A. ABNAETCA AKTYANBHOMN,

Pyuc. |, Temnoban 1 cheronas BAX comieqnoro aneMeHTa
Cuy0-Cu.

MuoruMiu asTopamu paspaloTaHl pasHble TEXHONQIHYE-
CKHe MeTOAbE nonyvyeHHa CuwyO. OpHako, mif DOCTHKEHHA
ONTHMANLHBIX TIAPAMETPOB, KakK CaMoro NoAYNPOBOAHHKA
Cuz0, Tax n koHtakta Cuy0-Cu, Ha koTopoM HalmopawoTea
spdexTl, NPEACTABNAIOUIES TIPAKTAMECKAN HHTepec, npo-
LOMKAeTCA MOUCK MyTel YIYUUIeHns W yTOYHEHHA BILICHA-
IBAHHLIX MAPAMETPOB C UCABI0 YACLISBRSHHA TEXHONOMUH
(3]

Hamu, panee [5] monyvens onaodaiusle obpaszum Cu,O
H nogobpaH pexcuM o0paoTkH Ha ROIAYXE H B Bakyyme [6].
B nanxoit paboTe DpHBCACHR! Pe3yNBTATH KCCHEROBAHAN
INEKTPHUECKKHX M (OTOIIEKTPHYECKHX CBOKCTB (apbepa
1HorTRH CuyO-Cu.

METO/IUKA SKCIIEPHMEHTA.

3nemMents! Cuy0- CunonyueHs! no cnemyoleit TexHono-
rid. TINacTHHKA 3MeRTPONUTHYECKON MM paspesanacs Ha
obpasuel pasMepoM lemxlemx 0,8cuM. TInacTHHKE MemH Tpa-
BMIIHChL B KOHUCHTpHpoBaHHON HNO,, npoMuIBanuces b KMc-
THAAKPORAHHOH BOAE ¥ BHICYLIMBATHCE. 3aTEM 3TH MNACTHH-
KH TOMELIATHMCEH B KBAPUERYIC aMITyXy, oTKa4arnyio ao 10

MM.DT.CT. K OTXKHIAHCe npH 1015-1030°C 2-3 vaca ¢ no-
CREAYIOIHM MELTEHHBIM OXANACHHEM B TCUCHUH 16 vacoB.
Hanee, Bo m3GeraHHe PEAKUMH C KOHCTPYKLHOHHBIMU MATE-
pHanaMH nedn o0pasus NOMELIATHCE B KBApPLERYo TpYBKY

[LH

AT 0% UT T T LD
Puc. 2. 3aBHCHMOCTL IN Jry, ~ Uy, B CONHETHBIX INEMEHTAX
Cu;O-Cu.

H OTKHMIAAHCH Ha Bo3AyXe npH 1030°C B Teuenue 5-10 su-
HYT, 3aTeM GBICTPO NEPEHOCHINCH B APYTYIO N€Yb, AOMION Hi-
TENbHO OTHHIANNCE HA BO3AYXe Npu 540-550°C B Teuenne 5-
40 MHHYT H PE3KO OXAAXKOARKCH MOTPYHKEHHEM B AHCTHLTH-
posaniyio Body. [ToepxHocTe ofpasuce ¢ oxnoil cTopoHE
UAUQOBATAcs O MERH, & ¢ APYTolt CYOPOHLI ANA YOANCHHA ¢
noBepxHocTH Cu0O Bricokoomuoro cnos CuO, 3ateM nosn-
poBanace OO 3eprancHoctH. OOpazlibl NpOTpaBIMBAlUCE B
pacteope 8N HNO; B Tewenun 1-5 cex. Ha nomepxuocts
Ciy0- Cu HaHeceHB! KOWTAKTE H3 Ag B BHIe rpeGenky.

e
a |
sof F -g;
’L | X
wo} K e

Fuc. 3. CnexTpateHas 3aBCHMOCTE GOTOTOKA ROPOTKOTD 3a-
MEIKAHKH W HANPAKEHHA X0N0CTOrO xoaa C3 Cuy0-Cu
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5

H 3JAMAHOB

Hamepenna BAX 1 BONLT-6MKOCTHEIX XApaKTePHCTHK
(BEX) cmpykryp CuO-Cu  npomefieHH IO CTAHRAPTHEIM
MmeToAHKaM. Ceerornie BAX CHATE npH OCBEIIleHIH HMHTA-
TopoM ConHia MONHOCTEIO -~ 100MBt/cm’, Hiameperns
CNEKTPANBHEIX XAPAKTEPHCTHE NPOBEISHH € HCNONB3OBAHH-
eM MoHoxpomaropa SPM-2. 3Ha4eHne YAeALHOTO CONpOTHE-
Nienya onpegeneno no BAX mpH HyliebbX CMEILCHAAX,

SKCNEPUMEHTAJILHBIE PE3YJIBTATBI H HX
OBCYKIEHHE.

Kak u3eectho, koHTaxT Cu,0 w Cu obpasyer Gapsep
LWorrky {7} ¥V einsHoGaphepHoit cTpykTYpsl o0pasopaHHe
faphepa NPOHCXONUT BMECTE ¢ MONMYYEHHEM caMmoro mnomy-
TposOAHKKOBOrO CaoA. TloaToMy, wecnenya Gaphep, MBI 04~
HOBRpPEMEHHO M3YYANH CROJACTEA NONYRPOBORHHKOBOTO CAOA
Ci,0. Tlo aHaveHmio yaenpHOTO conpoThBacHKa CuyO
5=2-10°OM-CM 1 NOIRHKHOCTH AMpOK 4 ~T2cM'/B-cex [7]
Oeii  ONpeNemeHB: 3HAMEHMA YHEAbHOH MNMPOBOAMMOCTH
o~5:10°0OM-cM”’ W KOHLEHTpauWA HocuTened  ABIPOK
o-4-10%cm”,

Cornacuo [8) MIOTHOCTS COCTOAHUA B BANEHTHOMH 30HE —
N, 0pyM KOMHAaTHOH TeMmnepaType BbIP@KAETCA CACAYIOLIEH
dopmynoilt:

m

| FIe, yaHTEIBaA m; = 0,66m,, ,[9] nonyvaem N, =1,4-10"cw”

3Has p kK N, , MOXHO ONpeleNdTh 3HAYEHHE YPORHA
Depmu

AR, ='kT1n-}-\-rl’—zO,4aB (2)
' P
Ha puc. 1 npeacraBnenbi ¢BeToBad M TemHoBaa BAX
coaneyHoro anemerta Cuy0-Cu. Kax BHIHO, 3HAYEHHA Ha-
NPAKEHHA XONOCTOrO Xoaa Uy =0, 30B a TNOTHOCTE TOKA
KOpPOTKOrO 3aMBIKAHWA J,. < =6MAfcM®. SHadeHMe HaTpAKe-
HMA OTCeUKA U,,.={,30B, onpeneneHHoe IKCTpanosmunes) K
HYMO TOK3 BRIMPAMASIOLIEH TeMHOBOH BAX xopowmo corna-
CyeTCq CO IHAueRHEM U, ., 4 370 [0Ka3bIBacT, YTO HEPEX0L
Cu,0- Cu npencragnaer coboii Gapuep HoTTRR.
Dina 6aprepa HloTTkn [10] 3aBHCHMOCTE TEMHOBOIO TOKA
OT NPUNOKEHHOTO HATIPAKEHAA BEIPAKACTCA, Kak

U
J= Jc[ex ﬂ—}—l] , 3)
nkT
rie npn U23KxT/q ypapHerne (3} uMeeT BHO
u
J = J,exp| — ] @
nkT

3nech 11 — KO3 PUUHEHT HEUNEANLHOCTH, J, — TOK HackllLE-
HHA, KOTOPLIN ONPeNeNIeTCa H3 (IeAYIOIEro YpaBHeHHA:

L = AT’exp (-q@s/kT) (%)
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HEB

Ha puc2. npeactaseBa 3asHCUMOCTR Indg, oT .
JkcTpanonupys  NpAMOAMHeiHBIN  yuacToK 3aBMCHMOCTH
1nJ, OT Uy, K HYNEBOMY HATIPSXEHMIO, OTIDEACNEHO 3Ha-
YeHHE TOKAa HACHILIEHEA Jo=1,7—10"A " no dopMyne (5),
NpUHAMaA JHATCHHE NOCTOAKNON PHYAapACOKA ANIA 3NEKTPO-
HoB A=120 A-cMx, BLiguceno 3HaueHHe BLICOTH Gaprepa
¢ = 0,707 2B,

Ha prc. 3 npeacTaBneHbl COCKTPANBHEIG 3AaBACHMOCTH
$OTOTOKA KOPOTKOTC 3aMBIKAHHA W HaNPAXKeHRA XOMOLTOro
xopa anementa Cu0-Cu . Kax BMAHO, B 3HAYSHHAX T, . W
U, HabmogaroTca peskue u3menenns s obnacth 0,61-0,65
MKM, YTO COCTBETCTRYeT BO3GYMACHHIO HOCHTENeH npH ne-
pexofe 3ona-30Ha (4E~2,03 3B). Bun cnextpanenoi 3amu-
CHMOCTH COQTBETCTBYET THITHYHBIM XApAaKTepHeTHKaM Oaps-
¢pos LLloTTii.

B in oxin. ea)
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Puc. 4. 3a8BECHMOCTL HOTOOTEAMKA R or smepruw nanawo-
. LLETO HIYHCHHA.

INocTpouB 32BHCHMOCTE GOTOOTKAHKA (JE ) OT 3HEPTHH
MafAWEre W3AYYeHAR (pHc.4) B IKCTPANOAHPYA NPAMOIH-
HeHHYIO 4acTh 3aBHCHMOCTH, coriacuo Teopud ®aynepa
(10], nony4nm 3Hakenne BalcoTs Gapbepa ¢p ~ 0,7 2B, uto
COIMIACYETCA CO JHAYEHHAMM @p , NpHBeacHHbIMA B [11].
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Puc. 3. 3JaBHCHMOGTE —5| TT7 [OF HaupAKeHKA ANd Cco
Co\

Cuz0-Cu.

Ha puc. 5 npencrapneHa BONLT-€MKOCTHaA XapakTepn-
cTiKka conreunoro snemedta CuyO-Cu. [pr 3HaueHwax U
0+0,18B aapucumocte 1/C% or U agngerca AaHeltnoi, a
untepeane 0,18+0,45B eMmkocTs Gaphepa NPaKTHHECKA He
HIMEHAETCA, UTO CBHIOETENLCTRYET O HAIWMMH MOBEPXHOCT-




COTOWEKTPUHECKHE CBOACTEA C
HBIX COCTOAHHWH Ha rpaHulUe pasfena. ConocTasisa sKerie-
PUMEHTANLHBIE M TEOPETHUECKH PACCUHTAHHBIE B pamkax
aleKBaTHLIX PUIMYECKHX MOMIeNiell 3HaYe U BLICOT Gaphepa.
MOWHO CKa3aTh, YTO B 3ABNCUMOCTM OT HAMEHEHHA NMPHANO-
BEPXHOCTHOD 1apANA MPOHCXOMAT HIMEHEHHE [10THOCTH
AMEKTPOHHBIX COCTOAHMI Ha IPAHHLE PE3Aena ¥ pacupens-
JeHHBIX 0O 3JanpemieHHol 3oue. Tak, 3HAYSHHE BHICOTHI
Gapbepa, NOAYLCHHOE IKCTpONOAALKME npaMonHHeiinoi

JABHCHMOCTH Hg— ~ {/ Ha oce abcumce ~0,6 3B 3aHitkaercs
C

na 0,18 3B HanuuWeM JOBYLUEK HA NOBEPXHOCTH., COBMECT-
nutit avanus BAX n BEX yxa3slBaer Ha Hali{ HE NPHMECHOH
nonocel ¢ wMpHHoi 0,18+0,3 3B na rpadMue paspena
[12,13]. ITo 3HAYCHHIO TAHTEHCA Y@ HaKAOHA JHHERHOH
yactH Obina onpefencHa  KOHUGHTpaUHA HOCHTENsH
N;=1,43-10""cM”. TTo 3nadeHso eMKOCTH GHNa BHYHCIIEHA
ToawHa o0nacth o0bEMHOro 3apaiga d, Yr0 COCTABNACT
~0,74 MuM. 3HavueHHe BRICOTH Gapbepa @ , ONPEAENCHHOC
3 BOJBT-2MKOCTHON XapakTepUCTHKH HEMHOro 1aBelliaeT
THAYEHMA, OTIPENS/TEHHBIC N0 BOJLTAMNEPHBIM H (OTOINCK-
TPHYECKHM XaDAKTEPHCTHESM.

Cu CuyO e,
/038 ]
E,~2,03 1B

pq_ """" " Todan i

Puc.6. 30HHAg RHATPAMMA COTHERHOMO 3eMenTa Cu20-Cu,

[EEYHOTO 3L

HOQBE BAPBEPA IOTTKU Cu;0-C

Takoe pasauuue MeKly 3HAYEHHAMY U, . = 030 B u
BLICOTH Gapbepa 0,7 3B obbacusercs Te, uto B €u;0, No-
NYYeHHOM BICOKOTEMTEPATYPHEIM OKHCICHHEM OOh4HO
CORSPXATCA TYCTOThl, BKMIOMEHMS H rpaHnubl 3eped [14].
DTH CTPYKTYPHBIE ActheKTH MOrYT NPHBOAHTH K CO3NAHHIO
NOBEPXHOCTHBIX COCTOAHKE Ha Tpanuue pasaena, &k Somswoi

YT€4KE TOKOB, YMCHBIICHUIO BRICOTH Dapbepa, a Takke yBe-.

RHMEHAIC KO3GDHUNEHT HEHACANLHOCTH B CONHENHBIX 2ne-
mentax [13}. Tomouna cnoa Cu;0, otHomeHue ko3gdruu-
entos Tennosoro pacumpeHua mna Cu W CuO paenoe 4 3
TaoKe UMEIOT BaskHoe JHadeHue [15].

Ha ocHOBe NONYUYEHHLIX H4HHLIX MOCTPOEHA 3GHHAA NHa-

rpamma cTpyxTyphl CuO-Cu (puc.6).
BbIBOIBI:

1. Tomy4eHn COMHEYHBIE IEMEHTH Ha OCHOBS Gaphepa
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BONLT-EMKOCTHRIX  XAPaKTEPHCTHK  ONpPEmencHsl  BHCOTA
Gapbepa, TonuMHE2 o6nacts 00BEMROMO 3apila, KOHLIEATpa-
UM HOCHTeNEl, 3raveHe YPOBHA DepMu.

Ha ocHoBe NORy4eHHBIX HAHHBIX MOCTPOCHA 30HHAA NHA-
rpaMma,
3. TMoxasaro, w10 C3 o6RAnaor  Je . =6MA/cM’,
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SOTOMEKTPHUECKHE CBOIICTBA COAHEUHOLQ ITEMEHTA HA OCHOBE BAPLEPA IMOTTKH Cu;0-Cu

E.N. Zamanova, L.O, Bliyeva

Cu20-Cu SOTTKiI BARYERI 8SASINDA GOUNSS ELEMENTLORININ FOTOELEKTRIK XASSOLORI

Volt-amper, voit-farad ve spektral xassolar asasinda Cuz0-Cu kentaktinin elekirik vo fotoelekirik xassolorinin tedqiqinin
neticeleri verilmisdir.
Coreyankeginme mexanizmi analiz ¢dilmis, baryerin parametrlersi te’yin olunmusdur,
E.N. Zamanova, L.A. Alieva
PHOTOELECTRICAL PROPERTIES OF SOLAR CELLS ON THE BASE OF BARRIER SHOTTKY Cu;0-Cu
In ihis papers the results of clectrical and photoelectrical properties investigations, that on the base J-V, C-V and spectral characteristic
the Cu,;O-Cu contacts are given, as barrier Shottky.

In analyses mechanisms of current conductivity the parameters of barriers are obtained.

Jama nocmynaenun: 09.10.00 Peaaxmop: C.H. Mexmuesa
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HHAYOHPOBAHHAA IPUMECHASE ®OTONPOBOAUMOCTD B CdGa,S,

T.I'. KEPHMOBA, 3. MAMEJOB, A.I'. CYITAHOBA
Huemumym Duzuxu AH Azepbaiidoncana
370143, Baxy, np [locasuoa, 33.

Hecnenoaana MHAYUMPOBAHHAA NpUMecHan GoTonpoBoauMocth (MI1D) & mouokpucTamnax CdGa,S, NpH PasNUuHLIX BPeMenax npensapn-
TEMBHOTO JKCTICHAPOBARMA H BLLISPKKH B TCMHOTE, 32BHCUMOCTh HITQD 0T 3nepriy RO30YAAA0IIEro CBETA M TEMNEPATYPEL

ARATHI IRCAEPHMENTANEHEIN PE3YALTATOD MOIBOMN CACNATE BLIBGA O TOM, uTo B mpoueccax HId YHACTBYST WHPOKHA CREKTP NOKATIbHEIN
eewrpoe. [Ipoucccom MM 8 CdGa,S, MOKHO YIIPABRNSTL SATIONHEHHEM H ONYCTOLISHHEM NOKANGHEIX LEHTPOB B MHTEPBANIE 1,062, 4 35.

HuayunponranHad npumecHas diotonposonumocts (HITMD)
ABNACTCA OAHHM H3 METOOOB HCCAENORAHHA CREKTPA TOKANIh-
HLIX COCTOAHHA B MOAYNpoBoNHHKAX. MITdD Habmomanachk B
MOHOKDHCTANAaX TBEPHABIX PpacTBopoB AgGaS;Seyi [1]).
CyThb 3TOre SBNEHHA 3AKNOYACTCE B TOM, 9T0 He(OTOYYBCTBH-
TEMbHBIE MATEPHaN TOCHE [PEABAPHTENBHON NOACEETKH K3
o0RacTH coOCTBCHHOrO TOTAOLICHNA CTAHOBHICA (OTOTYBCT-
BUTENbHEIM. OFKako, B OTAWYHH OT BHIWECYKA3AHHMX COSAn-
rerrif CdGa,S, 0uyBcTBNAETCA BO BPEMA RPCABAPHTCALHOH
MOACBETKH.

Paree namu Obina HccnenoBaHa §oTONPOBOTHMOCTD, 3aBH-
camas oT spemeny, B CdGa,S, [2]. B nactosmem coobweHun
TIPHBOASTCA PE3yALTATHl Heenenopanua HITD ¢ measo ycera-
HOBNEHHS KOPPENALHH B NOBENCHUE MELICHHOTO YBEeNHMEHHA
O n KT 8 CdGa,S,.
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Puc. I. Kuneruka $oTonpoBoZHMocTH H HRAYUHpORaHNOH npH-
mecHoit potonpososumocty (MIIM) 3 MoHokpHerTamtax

CdGay S, npn 300K,

Monoxpuctamipt CdGa,S, Obimn MOMy9¢HE METOROM Ta30-
TpaHcnopTHMX peakunii. B kadecTBe HCXOAHOre Matepuana
ucnonL3oeanca nomukpucTaiueckrli CdGa,S, . Bupamen-
Hbe MOHOKPHCTANIEI HMENH BHI TPEXTPAHHEIX TIPHIM ¢ 3ep-

kanGHeIMH mosepxkocTamy [112]{112] n [001]. O6pasupt

UMeNn: p-THE FPOBOAMMOCTH H YIAENbHOE CONPOTHBACHHE HE
menee 10°om-cm nput 300K.

I vcemenopadux o0pasuaM NPHAABAICA BMA [LIOCKOMA-
PanIS/bHRIK AACTHH pa3zMepamMy 3X2x2 MM®. B KauecTBe KOH-
TAKTOB HMCNOAL3OBANCA BILAABACHHBIN nEauil. PaccToinKe Me-

KRY IAEKTPOAAMA COCTABNIANO d~I1aav. OGpasunt MOHTHpOBa-
NHCh B KPHOCTATE H BO BPEMA AIMEPeHHI MOANEPKHBANCA Ba-
xkyym ~J 0710 mne.pm.cm. B obnacts Temnepatyp 100-300K B
HCCMElyeMbIX 06pasLax TeMHOBOH TOK He 3aBHMCHT OT TeMIe-
patypi. B sroli xe ofnacti TemnepaTyp oTcyTcTBOBAME TOp-
MOCTHMY/THPOBAHKAA NIPOEOANMOCTE.

JKcnepUMenTaNbHEIe Pe3YALTATHI B 0DcyKaeHHe.

Ha prc.l npencrasnena 3aBHCHMOCTb TOKA, NPOXOOAILIETG
4epes ofpalew, OT BpeMenH J=J(t) rhe J=Jg+J, (J, -
TeMHOBOH TOK, J, -QOTOTOK).

OGpazell ocBelIANCS MOHOXPOMATHUESCKRM CBETOM MNOCTO-
AHHOH UHTEHCHBHOCTH H3 oGnacTu 3xeprufi 2,6+3,2 38 (Mo-
MeHT t;). Kak BHaHO U3 puc.l co peMeneM (HOTOTOK yBEIH-
YMBaETCA W HOCTHTAET SHauMTensHolt seneynHp {2¢). [Mocne
CHATHA OCBRILEHHA (MOMEHT £,) TOK B LEMH CHAYATA Pe3ko, a
3aTeM MEANSHHO yMeHswaeTcA (od), NpHYeM 3HaYeHHE TEMHO-
ro TOK4 0Ka3anoch MeHbILE, YeM AQ OCBeWicHHA (Ccd MpOXoaHT
nike ah). Buano, 4To B npolecce OMYBCTBNEHRA TEMHOBOA
TOK YMeHbla2eTCA. Buinepkusan obpazell HEKOTOPOE BPEMA B
TeMROTE, & 3aT¢M OCBellas MOHOXPOMATHYECKUM CBETOM K3
obinacTh >uepruly J,06+2,4 35 (MOMEHT £ 3} Mbl BUOHM, Y4T0 TOK
B UENH CHa4YaNa BO3PACTACT «BCNAIWKOAY (del, NnpoXoauT ve-
Pe3 MAKCHMYM M YMEHBLIZETCA fef), T. ¢ odHapyXHBaeTcs
HHOYUHPOBAHHAA MNPHMEcHad (GOTONPOBOARMOCTE. QTMETHM,
YTO NOCHE OMYCTOWEHHA YPOBHeN cBeToM ofpasen Bo3BpaLLa-
€TCA B MCXOAHOE HeQOTOMYBCTBHTENABHOS COCTOAHKE. A
OUYBCTRJIEHHA 00pajua TpelSyeTca NOBTOPHOS AIMTELHOE 0¢-
BCmIeHHE K3 00NacTH aneprult 2,6+3,2 38

Kuneruka doromponosnmoctn B CdGe;S;  aocTaTosno
cnokHa. B wacroamed pabote we crasmnack 3aa4a noapobao
KCCNENIOBATE XAPAKTEPHCTHKN KHHETHYECKHX NPOLECCOB, ko-
TOpble ONPENENAOTCA MHOTHMH MApaMeTPaMH, B TOM Huche
CTEMEHLIO BRIBSACHISA CHCTEMBL 13 COCTOAHHA PaBHOBECHY, T-€.
HHTEHCHBHOCTLIO M JUIMTENLHOCTEIO NpeNBapHTeIBEHON [0f1-
cBeTkH. OnHAKO, MPECTABMANOCE WHTEPECHBIM CPARHUTE KH-
HETHKY MERICHHOTO pocTa doronpopoxaMoctd CdGa,S, npu
PasnMMHBIX CTENEHAX 3aceNeHHOCTH ypoBHeH, o0ycnosnn-
paowrx HIP. C 1o uensio Gpna HCCNEAOBaHA KHHETHKA
HIT® (A=3850mm) NpH Pa3nHYHKX BPEMEHAX MPEABAPHTENbHO-
TO IKCNOHHpOBaHHA (A=440HM) (pHC.2a) H DpPH PaNHYHRIX
BpCMCHAX BLIOSPKEHM B TEMHOTE [OCIE JKCROHHPOBAHMA
(A=440im) (puc.26). BuAHO, ¥TO C YBEMUCHHEM BPEMEHH

i ]
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HUAVIHPOBA
NPeJBAPHTEABROTO 3KCMOHKEPOBRAHNA 3ZHAYECHHE MAaKCHMYM2
HIIP ypenmnpacted. [locnenree cpAsano €O CTeNeHsio 3a-
NnoAHeniA ypobsueH, orseTcTecHANX 3a HITD. C yBenHuekneM
BPEMEHH BRLICPAKKH 00pasLa B TEMHOTE, 3HAMEHNE MAKCHMYMa
HIIP ymeRbwaeTeA, HTO CBHACTCALCTBYET O TOM, YTO MPOMC-
xonut obpaTHbt nponece, T.e. ¢O BpeMEHEM YPOBHA ONycTo-
watored. Coctosnve ¢ HIID npu xomnatnoli Temmepatype
COXPAHACTCA B TEYCHHH AnHrTeapHOro BpeMenn (Gonee 8 wa-
coB). HHTepecHEIM MOMEHTOM ABASCICA To OOHCTOATENLCTEO,
YTO €CN% B [epBOM CITyuae aHayeHwe Makcumyma HITD we us-
MEHAETCA, TO BO BTOPOM CAydae nabmonmaeTea ero naMenenue,
MoxHo caefaTs KaYeCTBEHHBIH BEIBOR O TOM, UTO CMeEINeHHe
MaKCHMYM2 CBA3aHO ¢ MPOLECCOM MEMICHHOTO OMYCTOLISHHA
JIOKANBHKIX LEHTPOB.

- -
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Puc. 2. KnHETHES MHAYWHPOBAHHOH npHMecHof PoTONPOBOKAMO-
ctit {A=850nm):
a) NPy PATTUYHEIX BPEMEHAX NPEABAPHTEARHOND IKCNIOHHpOBA
fng: 1) 30mamn.; 2) 20mun.; 3) 10Mua; 4) 2Muu.;
6) MpH PASNHIHEIX BPEMCHAX BRAEPKKH B TEMHOTS [IOCIIE KC
nornpoBanna (A—440um) B Tevenny 30 My 1) 5 Mun.;
2) 30 mun.; 3) 60 mun.; 4) 4 waca.
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Puc.3. 3aBUCUMOCTE TOK2, COOTRETCTRYIONIAA MakcUMyMy HITD,
OT NEPTBH BOIGYKAAIOWIETD CRETA.

Ha puc.3 rnpencragneHa 3apHCHMOCTE TOKA, COOTBETCTRYIO-
mag MakcuMy™y HIId or snepruu Boxbyxkmarowero csera.
I'paduk MOCTpoEH B pesxHMe MOCNENOBATENRHOTO ROIGYkKAE-
Hua. Kaxaelid pas nocne 0AHOYMACOBOTO IKCTIOHHPOBAHMA C

CHAA

TIPOBOTHM BCd

A=4408Mm, ofpasen BUACPKHBATH B TeUSHHH | MANYTHL B TeM-
HOTE, 2 3aTeM OCBSUIANH MOHOXpOMaTHYCCKHM CBETOM H3 0b-
JECTH NPHMECHOro nornomieHus. Buawo, uro cnextp HIQ
MpeACTaBNAeT CcoGOH IWMPOKYIO NONOCY B  HHTepBane
1,06+2,25B8 ¢ makcuMymoM Tpu 1,452B. Tlocnennee chitne-
TENBCTEYET O TOM, YT 8 npoueccax HITd yqacTeywr yposuH ¢
SHeprusmu /,06+2,2 aB. I10 cornacyercd ¢ pelysbraTaMu no
HCCEIOBAHHIO CNIEKTPOB (GOTONPOBOAMMOCTH H TPHMECHOTO
aAexTponornomenHa [3] u TCII [4).
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Puc 4. Knnetuka dototoka (PII) v nuAYUNpOBAHHOH NPHMECHOH
potonponoaumocth (HITD) npu pasanymeix Temneparypax -
1) 300K; 2) 330K; 3) 365.

Ha puc4 npepcrapneHa KMHETHKA (JOTOTOKA M MHIYLMPO-
BaHHOH ApHMECHOH $OTONPOROAUMOCTH NPH PA3THIHBIX TEM-
neparypax. B ofnmactu temnepatyp 150+290 K naGmopaercs
akrneauns Qororoka (scrapka Ha puc.d). Ipu xomuarHoH
TEMMEpAType HAUHHABTCA TEMIIEPATYPHOE TalleHue POTOTOKE,
KoTOpoe npoponxaercs Ae 450 K. Knreruxy pocta doTotoka
H xuHeTHRY UTTdr Hocnenosand Npl 3HaYEHHAX TeMOEPATYD M3
o0aacTy cnanaroweli BETBH 3aBUCAMOCTH  J,=J, (T) (puc.4).
BuaHO, 4TO ¢ POCTOM TEMNEPATYPHI BpeMA HApacTanusA orTo-
TOK8 YMEHbIIAETCA, OMHOBPEMEHHO YMEHBILACTCA M MaKCHMYM
HIa,

Ouypcrenenne (CdGaSy NPOHCXOANT MOPH  3ANONHEHHH

ypoBeeif, yiacTBytomux s mponeccax HITOP T.¢. HMeer Mecte
KOPPeRALHA MeKAY MeLTeHHBIM pocToM $I1 u HITP.
Croxubili XUMHMECKHIT COCTAB, HANHYHCE ABYX TUNOB ATOMOB B
katHoHHo#l nonmpewerke CdGa;S, obecneynpaior Goratwiii
CNEXTP ROKATLHEIX COCTOAHMI B 3anpeicHnoi soue. HeticTom-
TENLHO, (PHC.3) JABKCHMOCTE TOKS COOTBETCTBYIOWENS MAKCH-
MyMy HIIOD oT 3Hepruy BoI0YKAAIOIETO CBETA CBUABTENLCT-
ByeT 0 TOM, 4T0 B Rpoueccax HITM ywacTeyer LB cnexTp
OKANBHEIX COCTOAHMH B HHTeppane 1,06+2.4 38 u nonteep-
HJaeT npeipayLUlHi BEIROA.
IMoABOAA MTOT BRIMIEHINOWEHHOMY MOXHO CHEMATL 3aKII04E-
HH€, 9TO0 OCHOBHOM BKNAM B BEJHYHHY WALYLHPOBAHHOTO NpH-
MECHOrO (IOTOTOKA BHOCAT JHepreTHyeckw GUM3KO pacnon-
KEHHBIE ROKAIBEMWE LSHTPBI, JAM0JHEHHEM KOTOPbIX MOKHO
yfipapaaTs peawsnHoi UMD,
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[1} H 3.lacanoeKaup. pucceprauma Dnextpounsie cnextphl  [3] AN.Georgobiani, S.J Radautsan, j. M Tiginyani Electroab-

MoHokpHceTannos AgGaS;Sey .y baky, 1987, 150c. sorption and Non-Equilibrium Carrier Recombination in
[2] T.I Kepuviosa 3. Mamedos, A.I Cyamanosa. DoTOUYB- (CdGa,5, single crystals. Phys. stat. Sol ( a) 1982, 69, 513
CTBHTENLHOCTL, 3aBucawas or Bpemend, B CdGa,S, [4} P. Kivits, S Rewlen, J. Hendricx, F Van Empel and J

* Fizika, 1999, Nod, ci8. : Vankieef §. of luminescence 1978, 16, 145,

T.Q. Kerimova, Z.Q. Memmedov, A.Q. Sultanova

CdGa,S,- DO STIMULLASDIRILMIS ASQAR FOTOKECIRICILIY1

CdGuasS+ monokristallaninda qabageadan mixtalif middatli eksponire olunmanin va garanliqda saxdamatin te’sivile stimullagmis
asqat fotokegiricilivinin (SAFK) digen isigin enerjisindan ve temperaturdan asiilifi tedgiq edilmisdir. Tecriibi naticalerin tahlilindan
bela genaoste gotmak olur ki, SAFK prosesinde lokal merkezlerin genis spektri istirak edir.

CdGazS+-de (SAFK) prosesini 1,06-2,4 eV intervalinda lokal markezleri doldurmaq ve bogaltmagia idare etmak olar.

T.G.Kerimova, Z.G.Mamedov, A.G.Sultanova.
STIMULATED IMPURITY PHOTOCONDUCTIVITY IN CdGa;S,
Suitnulated impurity photoconduetivity (STPC) in monocrystals CdGagS, different times of preliminary lighting and in keeping in darkness.
energzy and temperature dependence of (SIPC) were investigated. Analyses of experimental results help us to conclude that, in (SIPC) process it
take place wide spectra of local centres. One can rule the (SIPC) process in CdGa;S, by full up and ravage of local centres in [,06+2.4 38 eV

interval.

HJama nocmymenus: 07.09.2000 Pedaxmop: C.H. Mexmuesa
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O HEKOTOPBIX JIJEKTPHYECKHX CBOMCTBAX
CMEKTHYECKOIO JHIKOTO KPHCTAJUIA.

X.®. ABBACOB, .M. BAIPAMOB, KM. BYJIATOB
Baxuucruii Focydapemaennwiil Viugepcumem,
370148, ya. 3. Xanunoea, 23

HiyyeHH YacTOTHEIC 3aBHCHMOCTH KOMNOHEHT AHINSKTPHIECKO TPOHMEAEMOCTH W AHINEXTPHUECKOH AHHSOTROTHH, NOCTPOERET COOT+
BeTcTRy0WMe Anarpammbt Koyn-Koyna emextinecknx A u C a3 KUAXOTO KpHCTAIA.
OnpeasneHE! NAPAMETPM pacPeleneHiLt, BpEMA PEIAKCALIMH LA THaHAPHOH N NOMEQTPONHOR TCKCTYP 2THX CMCKTHHCCKHX KILIKOKpH-

cranmMeckinx Mesodal.

CMeKTHYECKHE KHIKHE KPHCTAMLIbL TIPH HCTONb30BAHHH
B MPAaXTHMECKHX LENAX JO/UKHEI YIOBNCTBOPATS ONPEACNCH-
HeiM TpeSopanyam [1,2]. TakoBLIMH ABRAIOTCH, HANpHMEP,
HUZKHE TIOPOrOBbIC HANPAKCHHA HCTonb3yeMmoro dddekra,
LONT3A TaMATh, BEICOKOE OBICTpoNeHcTBNE M 1.1, KOTOPBIC
TaK MAM HHa4e 0OYC/IOBNCHBI MATEPHANTLHLIMH NIAPAMETPaMH
pewecTea [3). BakHuIME W3 HUX ABIAIOTCA KOMIOHEHTH
IHINCKTPHYECKOR TNPOHALAEMOCTH, ANINEKTPHEECKAd aHH-
JOTPONAA, AHH3OTPONHA SNEKTPONPOBOAHOCTH, Myuerne
4acTOTHON, TEMNEPATYPHOI 1aBHCHMOCTH YK3IaHHBIX Napa-
METpPOB HAeT BOIMOKHOCTE BBISCHKTL POSib MONEKYRAPHBIX
(parMeHTOR B 0GPAIOBAHHN CMEKTHYECKHX Me3ohas [4].

B nauuoit paGote paccMOTPEHbl HaCTOTHBIE 3aBHCHMOCTH
KOMTIOHEHT NWBAEKTPHYECKOH NPOHHLACMOCTH H AHIICK-
TPHuECKOW AHW3OTPONMH, FOCTPOEHb  COOTBETCTBYIOWNE
gwarpammel Koyn-Koyna mia cMekTRieckx A M C da3 Ho-
HUNOKCHPERNAOBOro 3gKpa Gy TRIOKCHOSHIORHON KHCIIOTEL

Temneparyphl $az0BsIX NEPEXOAOE CACAYIOLIHE:

81.3°C e 83.5'C
Cr—->816No I

T e
Sx « Sc

A9 C

+#°C

Heenenosarsioe BEWECTBO NPOABAANO cMeKTHYECKHe A W C
hasbl B WHMPOKOM TEMICPATYPHOM HHTEpBANE.
JKCHEPHMEHTEI TIPOBOAKIIHCE Ha YCTanoBke, CoGpanHOM
HA OCHOBE MONAPH3AUHOHHOTO MHKPOCKONA. JiAA H3MEpeHHS
AMONEXTpHYECKOH NPOHHLASMOCTH H 3NEKTPONPOBORHOCTH

‘TIpH PaINHIHBIX MACTOTAX 3MEKTPHHECKOTO MOAA BOCTIONB30-

BAJIKCh KOMMEHCAUMOHHEIM METOROM. TOUHOCTh MaMepeHHH
cocTapnana dest IpFu Aot 0, 0148.

Inanapnas Tekctypa Gbina MOAydYeHa NHGO HCXOINHbIM
HATHPAHHEM TOBEPXHOCTH SMEKTPONOB TKaHKO, JHOo W3
roMeoTpONHON TEKCTYPSL MOCPENCTEOM NOJASH JfiEKTpHYe-
cKOre MoJA.

FomeoTponHas TeKCTYpa Gblia NIOCTHIHYTA B PAJE CITy4a-
B MerupOBIHYEM BellecTRa = 1%  rexCHAOKCHGEHIOMHOM

knenotet (TOBK) man w3 naHapHoll TEXCTYpPH NOCpeacTioM
GOAA4YH HMEKTPHUCCKOTO NONA,

Mo Teopun [lebas yacToTHAA 33BHCHMOCTE KOMILIEKCHOR
RRMCKTpHMECKOi  TpoHMLacMocTh  {&=¢' -1£” ) 3anaeTca
dbopmynoit [4):

+ &er — &,
=g )
I+iwr

T, £, - BHICOKOY@CTOTHOE, Ecr — CTATHYECKOS 3HAYECHHA
JH3REKTPUHECKON NPOHMLAEMOCTH, @ - KPYToBas 9acToTa
EKTPHYECKOIO NOAA, 7 - BPEMA PENaKCaLIvH,

Unu nocne pazmenedns £ Ha OEHCTBHTENLHYIO H MHH-
MYIO YaCTH MONYYHM:

Eer —fo

el=¢, + L "=
* I+e’t’ @)

o TS f“; - @T 3)
I+o°r
T'paguk 3aBUCHMOCTH £7 OT &' NpH CTPOTOM BHIMIOTIHE-
nuy teopuy JeGas npeactasaser coBoil NOAYOKPYXKHOCTB,
KoTopad W HassiBaercd Jwarpammoit Koyn-Koyma. Touku
nepecedelnd MONYOKPYXHOCTH € OCHIO £ NAIOT 3HAYEHIA
&» {(OGmImKne X HANANY KOOPHHAT) M &y (DANLUIE OT Hauana
KOOPARKAT).
HamMepys eMKoCTh C M 3JEKTPONPOBCIANOCTE & NPK pas-
JIMMHBIX BACTOTAX, OnpenendeM & ¥ &'

£'=—d——C e'=

d 8
= @)
£S5 ES @

Mo MakcHMYMY 3ABHCUMOCTH &7 OT @ OTIPEAcAReTcs Bpe-
M5 DENAKCAUMH Tpen.' / Wp
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Puc.! Jlnarpavmnl Koyn-Koyna ang roMeoTpornHoR (2) H mnakapHol TEKCTYphl (6) CMEKTHKA A NPH TEMOEPATYpE 64°C H 14 CooTBET
CTBYIOMHX TEKCTYP CMEKTMEA C MPH TEMACPaType 56°C (myn(r).

Cnenyn sbllieyKa3aHHOH MOeNH, GbNH NOCTPOSHL AHa-
rpammbl Koyn-Koyna wis uecneaosannoro sewiectea (puc. )

BHAHO, YTO UEHIPH BOAYOKpYxHOCTEH CMELICHR! BHU3
OTHOCHTENBHO ocH abcumce. DTO MOKHO OOBACHATE CYLIECT-
BOBAHHEM HECKONLKHX BpeMeH penakcauuii. B stom cmyuae
3aBHCHMOCTE KOMMNEKCHOH MUANEKTPUHECKOH TIPOHKUAEMO-
cTH 2anaeted gopmynoh, npeanoxkendoi K. Koyn u P.Koym:

. Eor —Eq

& =g, +— 72 ogasi
H(iwr Y™

(5)

rae a- MapameTy pachpefenceHis BpemeH penakcaumd. Ko-
raa a=0, dopmyna (5) nepexoamt B (1), npouece pemakca-
UMK RpOTexaeT ¢ OAHMM BpeMeHeM, C pOCTOM & IMaNO30H
pacnpemeneHus BpeMeH pelakcaliy paciiHpaeTcs.

Ha rpadura no cMelleHno Ae™ UAH N0 yrmy & nerko
MOEHO onpeRenuts & (puc.l).

Ag"= %T—_gicrg(f -a)

3 a=0{r/2}

©

Takum ofpasoM onpeacncHHBIE 3HaYCHHA NapaMeTpa o
JABHCAT oOT munepa'rypu, TEKCTYPR JKPLIIKOKPHCTN’U“N&-
ckofi daspl: a=0,5 4NA FrOMEOTPONHON TekeTypht 5, MNpH
64°C ¢ =0,56 LA mmaHapHOH TekcTYpM S, mpH Toli xe
Temaepatype. Jina romMeoTponHo#t TEKCTYpHl Se npe 56°C
a=0,56. JIna mnanapuoii TeKCTYpEl S. NpH YTOR e TeMne-
parype a=0,l. [Tocnennee 3HAYMT, YTO BpaUleHNe no obpa-
Jyioledi KOHYca IHEpreTHIeCKH Gonee BEINGAHO W MPOXONHT
¢ NOYTH QAHHM BPEMEHEM PENaKCaHH,

60

3HayeHHn cTaTHueckol (-7} M BLICOKOMACTOTHOA AH-
IMEKTPHMECKMX TIPOHRIaEMOCTeN (£,) 18BHCAT OT TEKCTYDHI,
TEMIEPRTYPH H BUOA XUAKOKPHCTAILAMMECKON §asbl.

B nuanapHoit TEKCTYpE CMEKTHYECKOH A (a3pl IHAYCHMA
3THX NApPaMETPOB NPEBHIIAIT FHAYEHIA COOTBETCTBYIOLINX
BENHMEH I FOMEOTPOIHON TEeKCTYpbi. IT0 O5YCNOBACHO
NONEPEUHBIM HNOJBHBIM MOMSHTOM MONEKYN paccMmarpu-
BAaEMOr0 XAAKOrO KpHeTALNA:  #{COQ) =2,3 D[3].

B cMeKTHKE C 3HAYCHHA £, M E-¢ AN FOMEOTPONHOH
TEKCTYPbl PACTYT (0 CPABHEHHIO CO CMEKTHKOM A. 3T0 CBA-
3aHO C TEM, UTO ¢ MepexX0i0M B cMekTuk C Bknag | (COO)
B Ergy PAcCTeT.

[Mpu vactore 75000 ["u HabmopaeTea 9acTOTHAA HHBEP-
CHA 3HAKA HUBNEKTPHYECKOH AHMIOTPONHH B CMEKTHYeCKOH
C fpaze ¢ GTPHLATENBHOTO Ha NoNoXHTENbHEE (puc.2). Tpu-
4HHO 2Tore ABNACTCA GONee CIWIBHBIE POCT &rpy & HACTOTOH,
HEXCNH  Eppay. [IPH OTHOCHTENBHO BBICOKHMX 4YacTOTax B
Se(E & €x) IHAMCHME &, NPEBBILIAET IHAMEHHE Enpay
ApHGNNIHTENBHO HA =1,8. CMEKTHMECKHE XHIKHE KPHCTAN-
Jb C YaCTOTHOH HHBEPCHEH DHINCKTPHMECKOH NPOKHLIAEMO)-
CTH NO3BOJAIOT HA MPAKTHKE HI0erath HEWEAATCABHBIX TO-
KOBBIX ABACHHI K paGoraTh Ha YHCTO MoAcELIX AddeKTax.

Kak 3710 cneayet u3 guarpamu Koyn-Koyna B pacmotpen-
HOM [HAll030HE YACTOT ¢ POCTOM HacTOTBl & PAcTeT, H o
MAKCHMAUIbHDBIM 3HAYCHHAM & MCTOAOM DKCTPALIONSLHH
onpenenany JAeGacpckue BPpeMeHa PEIAKCILHI:

tw{Sghom) =~ 1.3 us ,

tw(Saplan) ~ 1.2 us , e
fp(Schom} &~ 1.6 us ,

p{Splan) ~ 1.1 us

=
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O HEKOTQPLIX AHINEKTPHMECKHX CROHCTBAX CMEKTUIECKOTQ KHAKOCQ KPHCTALIA
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Puc.2 YacTOTHBIE 3ABHCHMOCTA: &) IPOAOAEHROTO KOMNOHEHTA AHINEKTPHYECKOH NMPOHALAEMOCTH (£;]) CMEKTHKE A ™", CMEKTHKA C-
" M MONEPEYHOrO KOMIOHEHTA {£1 ) ANA CMEKTHKA A™ O W cMexTiKa C “01™; 6) ARONEKTPUYECKOH AHIIOTPONUH (AZ) AR

CMEKTHXKA & “*" § CMEKTHER C X ™.

Bnano, yro, Bpamienue Monekyn no obpasylomeli KoHyca
B MEaHapHOH TexcType cMekTHueckoit C dasel mpoHcxoanT
Jerye W OLICTpEE NO CPABHEHMIO ¢ OCTANLHBIMH CHAYHASMH
kak ¥ GeITO OTMeyeHO HaMH Bbille. BpalteHe Monekyn so-
kpyr KODOTKOH OCK 2aTpyfHexo. BnudHue TeMmneparysl Ka

BPEMEHa PEAAKCALUNA B pacMOTPEHHOM MHTEpBAIE TeMnepa-
TYP HEZHAUMTENBHO. DKCIIEPHMEHTHI TIO BBIABJICHHIO MeXa-
HH3MA PEeNakcalliH M AHCHIEPCHH AHIACKTPHYECKOH MpoHM-
UA8MOCTH CMEKTHKOR PACCMOTPEHHONO KAacca, 4 TakKe Apy-
FHX THTOB TPOAOTKAIOTCA,

(1} W. H. de.Jeu, “Physical Properiies of Liquid Crystalline
Materials”,Gordon and Breach , New York ,1980 ,
p.49ff,

2] JAM EBruros, “INEKTPO H MarHATOOUTHKA MKHAKHX
kprcrannos”, Mockea, “Hayka”, 1978,

[3] GDurand , “Optical Applications of Liquid Cristals ,
Polymers \Liquid Crystals and Low-Dimensional Sol-
ids” , p.239, 1934,

[4] H Kresse , “Dielectric Behaviour of Liquid Cristals” ,
Fortschritte der Physik , 30 ,1982, 10 ,507-582.

[5] X.@.A66acos, I M Baiipamos, “mnxa” , AH Az
PecryGamen, Ne2 , 1999

X.F. Abbasov, Q.M. Bayramov, K. M. Budaqov

SMEKTIK MAYE KRISTALIN B&’ZI XASSOLORI BARSDS

Maye kristahn smektik A ve C fazalannm dielektrik nifuzlulugunun komponentlori ve dielekirik anizotropivasinin tezlik
asilihgian dyrenilmis, uyfun Koul-Koul diagramlan qurulmugdur. Bu smektik maye kristal mezofazalarimn planar vo homeotrop
teksturalan iiciin paylanma parametrieri ve relaksasiya miiddstlari to'yin edilmisdir.

Abbasov H.F.,, Bayramov G,M.,, Budagov R.M.

ON SOME DIELEKTRIC PROPERTIES OF THE SMECTIC LIQUID CRYSTAL

The frequency dependence of the dicleciric constant and diclectric anisotropy permittivities components,
and its anisotropy of the smectic A and C liquid crystals were studied, the Coul-Coul diagrams are construcied.
The distrubution parameters and the relaxation time for planar and homieotrop textures of this smectic liquid crystals are defined.

Hama nocmymnenun: §1.03. 00

Pedaxmop: Y.0. Kadowcap
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®OTOIPOBOANMOCTh ! ®OTOJIOMHUHECLEHIIAA MOHOKPHCTAJLIOB EuGa,8,:Co

0.5.TAFHEB
Hucmumym Qusuxu AH Azepbaiidxcana
370143, 2 Baxy, np. I. Jocasuda, 33

C.39.TACAHOBA
Asepbaioacancxuil F'ocyoapemeennnitt Meduyuncruii Vuusepcumem um. H. Hapumanosa
370022, 2. baxry, yr. baxuxanoea, 23

¥YcTanonaneno, 4T0 OpH NErHPOaaHHA MOHOKPHCTALNOR EuGa,S, aneMeHTaMH MepexomHslx rpynmn, » qacTrocTH Co, 3TH COSAMHENHS
CTaHOBATCA (JOTOMYBCTBHTENLHLIMH, Ha OCHOBAHHYM NPOBEACHHLIX HCCIEIOBARMI ONPCACNEH XapakTep GOTONPOBOANMOCTH W HIMPHHA 1a-

npeweHHol 3ousl (£,-2,55 5B) monokpuctannoe EuGa,8,:Co,
P £ P

Monoxpuctannsl EuGa,;S; B uMcTOM BHAE - He poTOMYE-
CTBHTENbHEIE MaTepuant! [1,7]. Jleruponanse 3THX coenmKe-
HUIA TIEpeXOAHBIMH IMEMEHTAMY B HACTHOCTH KoDan:rToM M
HUKENEM JAMETHO YBENHYWNO (OTOUYECTBHTENRHOCTH. He-
CAELOBAHHE CIIEKTPANBHOIO pacmpedelleHUA (OTOOPORQHH-
MoCTH (DIT) n03BOASET FAOAYYKTE HHGPOPMAUMIO 0 30HHEIX
flapaMeTpax H NOKanbHLIX YPOBHAX B MONYNpoBoaHKKax [3].

MoHokpuctanne EuGazS, , asrkposantble Co H Ni, Gul-
NH BHIPALHEHB! METOAOM BPHIDKMEHA A HMENH P-THII IIpeso-
AumocTH. KoHTakTel k 06pasuaM CO3AABATHCE BIVIABNCHASM
HHAUA B TUTRHAPHOM wcrionHeHHH. MonorprcTansl EuGa,S,:Co
seanoTen peicokoomupiMi (10°-10" Om-cm), wHpokoson-
upivn (E, =2.0-3.0 3B} nomynposoannkamu. Hamepenus @I
npu Temnepatypax 273-400 K u snexkrTpHueckux nomax
4-10%-6-10" B/cM mpoBoanTHL ¢ ROMOWBIO MOHOXpOMATOpa
MIP-23 npu cTaunoHaprom oceeLlieHu B obnacTi 0,4 - 1.0 mim.

Ha puc.] mpencrasnersl criektpel I npu 293 K ans
Eu(2,8,:Co npy pa3snHYHBIX INEKTPHUECKHX nojax.Ha cnek-

W r
A 10°
10°
Ly
¥ i A r

04 06 08 10

2 = MGV

Pyc.]. doronposoanmocts MonokprcTamnor EuGa;5,:Co mpn
293 K & pasRUuHMX SAeKTpUdECKUX nonax E, Blom:
| -3,510%2.5510% 37510, :

Tpe PII BLIABAAIOTCA ABA MAKCHMYMa APH AnkiHe BONHbl (0,45
H 0,550 MKM W, ¢ yBenHYE€HHEM DNCKTPHICCKOTO IONIA, BEAM-
unHa oboux MakcuMyMop pacter. Ha crextpax @1 Molo-
kpucraios EuGa;S,:Co npR pauiHuHBIX TeMAEpaTypax
(puc.2) Taxke HabmonaeTcy nBa MakcHMyMA. C POCTOM TeM-
IIEpaTyphl IHEPreTHYECKoe MNON0NEeHHE KOPOTKOBOMHOBOTO
MAKCHMYMa CMELIZCTCA B CTOPOHY JUTMHHBIX BOAH H doTo-
YYECTBHTENBHOCTE yMeHbaeTcA. IlpH Temneparype 335 K
ANTHHHOBOJIHOBLIA MakCHMYM HeuedacT. Takoe HIMEHEHHE
CTEKTPA B 3ABHCHMOCTH OT TEMMEPATYPbi JAET OCHOBEHHE
3aKAIOMATE, YTo PI1 B ofnacTy DIHHHEIX BONH HOSHT Opi-
MECHBI XapakTep, a CMEMIEHNe KOPOTKOBONHOBOTO MAKCH-
MYyM2 C DOCTOM TEMIIEPATYPLl FOBOPHUT O TOM, Y4TO KOPOTKO-
BONHOBLI MAKCHMYM <BA3aH ¢ codcteennod @I, cooteeTeT-
BYIOWeH HenpaMoMy nepexody B MoHokpHetamnax EuGa,S,

[4].

107 ¢
|
A 10°}
3
é
10% )
L
Iy
1 1 1

A = Mivt

Puc.2, QoToNpOBUINMOCTD MOHOKpHCTALOB EuGa,S4:Co npu
E=3-10" Blem B paanuunsix emneparypax T, K:
1-293;2-315:3 - 335, 4 - 355, i

e
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b 4 B b 11 ¢OTO MHIHECHEHITITS MOHOKPH 0B EuGaS,:

. llupuna 3anpemeHnoit 308, ONpeAeNeHHas MO MAKCH- . 15
Mymy cobereenuoll ¢oronporomaMoctd and EuGas:S,:Co,
pasna 2,55 3B. 3ueprerudeckas pasHHUA MexIy MMpHHOR
sanpewienHoil 0HE M NOAOKEHUEM npuMecHoit OIT cocTas-
ngetr 0,24 3B. MoxHO Npeanonoxare, YTe npHMecHas GI1
00ycA0BNeHa MEPEXOAOM TEPMOONTHICCKH 3ADOMHEHHBIX 10
2NEKTPOHOB M3 AKUCTITOPHMX YposHeR (£, + 0,24 2B) b 3ony
APOBOAMMOCTH,

Ha puc.3. npeAcTaBNens CNeKTpH GOTOMOMHHMCUSH-
ury (®J) mouokpuctamnos EuGa;S,:Co. Hywuo ormeturs,
uto kpHetannel BuGa;S, p HenerupoBalHOM COCTOAHAH JH0- 1 5
MHHECLMPYIOT B 06nacTH AnHH BoaH 0,5-0,6 MKM, U CRNEKTp
COCTOHT 3 OHOM MIAPOKOH MONOCH! ¢ MAKCHMYMOM 0,35 MM
[5). ceazandol nepexonoM 3d-4f HoHoB Eu™. Kax BHAHO K3
pHc.3 peencHHe Co cnoco0CTBYeT CMELLICHHK) ITHPOKOROAOC-
HOTO MAKCHMYMA B 00/4CTh INMHERIX BOJH (Ay,,= 0,590MKM). 0

Qm.e.u

0,50 0,54 ° 0,58 0,62

A = MW

Puc.3, Cnexrp moMunecuenunn moHoxpructanios Eu(agS, (1)
1 EuGa,S,:Co(2) nipy 300 K.

[1] Y M Bpucxuna, B.M.30mur, I’ M. Hugmues, BM. Map-  [3] MK [Heficman, AA. L T 1976, 10, c. 209-233.
syuces, I K. Acnanos, O.B. Tazues. V1 Beecowsnan ko~  [4]  O.B. Tagiev, IN. fbragimova. Phys. Stat. Sol (a), 1986,

JepeHLns Mo XUMHH, PHIAKE H TEXHHUSCKOMY NpHME- 97, Ne 1, p49-52.
Ce s vpre o T oot poknsanos, TounnenTla- (51 G.K Astanov. O.M. Nifiiev. 0. 8. Tugiev, TM. Brisking
uanyps, 1983, ¢. 50. - V.M Zolin. 1. of Luminescence, 1985, 33, p. 135.140.

[2) M Hugpmues, G.B.Tazues, B.M. Mapxywees, I Q. Too-
sewes, K. Acranos, O.B. Tazues. COOpHUK HayMHBIX
pyaos, Hosocubupek, “Hayka”, 1990, c. 199.

0.B. Tagiyev, 5.9.Hasanova

EuGa:5:Co FOTOKECIRICILIK v© FOTOLUMINESSENSIYA HADISOSH

Miiayyon edilmisdir ki, EuGaS::Co monokristallarini Co elementi ila agqarladiqda, onlarda isiga bessasliq yaramr. Bu tad-
giqatlar naticesinda fotokegiriciliyin xarakteri vo EuGazS+Co monokristallannin gadagan olunmus zonasinin <ni (E;=2,55 V)
ta’yin olummusgdur.

Fotoliiminessensiya todqigatlan géstormigdir ki, enli zolagh (Ame=0,5%0 mkm) gialanma, Ev*” ionlannin  5d-4F kegidi ilo
alaqedardsr.

0.B. Tagiyev, S.E. Hasanova
PHOTOLUMINESCENCE AND PHOTOCONDUCTIVITY IN MONOCRYSTALS OF EuGa,8,:Co

It was determined that when EuGa,S, monocrystal activated by Co then a light sensitivity appears. As a result of these researches there
was discovered the character of photoconductivity and the width of injunction zone (E¢=2,55 eV} in EuGa; S, monocrystal.

The photoluminescence rescarches showed that the wide stripe radiations (4psx =0,590 mkm) is connected with the transmission of Eu®
ions.

Jama nocmpnsenun:05.04.00 Peoawmop: M.I. Waxmaxmuwexus
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TO THE THEORY OF MAGNETIC PROPERTIES OF
HIGH - TEMPERATURE SUPERCONDUCTORS

M.B. GUSEYNOYV, A.M. SULEYMANOYV, K.M. SULTANOV, V.S. TAGIEY
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, JH Javid av., 33

Magnetic properties and energetic spectrum of high — temperature superconductors (HTSC) with structure La2Cu04 are considered. The

value of eritic field strength is obtained.

A number of high-temperature superconductors (HTSC)
are magnet-ordered crystals [1-13]. Magnetic properties of
such crystals can play an important role pairing mechanism
[2,4-8]. Therefore investigations of HTSC properties are of
certain interest. Antiferromagnetic HTSC with La,CuQ,
strugture are subject of our invert. LayCuOy, is the ancestor of
metal-oxide HTSC series and quasi-two-dimensional four-
sublattice antiferromagnetic.

A number of papers are dedicated to theoretical investi-
gation of given problem (1-3, 9-12). In (1-3, 9) there have
been considered homogenous case (& =0, k= wave vector).
fn (9-12) case k # 0 is treated but dispersion of magnon!

spectrum is treated in the absence of external magnetic field.
In {11) La,CuQy is given as two-sublattice system but such
model can’t adequately describe the patiern of magnetic
properties of four- sublattice system as La;CuQs.

This paper deals with energy spectrum, thermodynamic
and high-frequency properties of antiferromagnetic HTSC
with La;CuQ, structure by method of Green function at

(E # 0 and H# 0 (H- external constant magnetic fietd).

Quantum-mechanical Hamiltonian of system in question is
chosen as;

Hy=J, Y 16,88 s #8800, 1+ S,uS0e ]+

i’

0, 0 (S S + 5,5, )+ 5,8, 1

mir

where J >0 and J, - parameters of exchange interaction in-

side and between the layers, respectively (J;>> IJ.?!} due to

La;CuQy has quasi-two-dimensional magnetic structure as it
is mentioned) d — Dzyaloshinsky parameter giving rise de-
viation of spins from layer plain on angle 8, S — spin opera-
tor,n;, %, are characterized anisotropy of exchange pa-
rameters (0<1,, 17,51), H-external constant magnetic field in
units of gup (g-factor Lande, z4,-Bors magneton), indexes m,
m' refer to one layer, and indexes m, r- to different layers.
As it shown from figure, (m, m*)=(1,2), (3.4} (mr)=(1,3),
(1,4), (2,3}, (2,4). For spin pairs (1,3) and (2,4)- J»>0, but for
spin pairs (1,4) and (2,3) J-<0.

In intrinsic coordinate system of sublattices (15), gamil-
tonian (1), exptessed as bose — operators appears as:

H=YH, @)
=l

where H,- value of n — order with respect to bose — operators.
According to requirements of main state H,;=0, terues H; and
Hy play a role in kinetics and we don’t consider them here. I

a3 S Sus = SeSpy ) HY'S, (1)

mim'

'y
w
4

Fig. Magnetic structure of the crystal La,CQ,

Hy Hamiltonian of main state and such that off;/¢€ =0 for
equilibrium value of angle &we have:

d
tgl =
¢ J{1+7,)+ 27,
It is shown from (3) — that =0 at &=0 and magnetic field H

don’t appear in this expression. So at Hl|y magnetic field
does not influence on main state, Frequencies of spin waves
appears as:

()

w,,(k)= I(F"'?ﬁ;)(f'—?a;)’rhz iz\/hg(f'—a; +B ) +4a.§|,(1_'+2ﬂ;)2 -k }}; (4)
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Y}
o, (k)= kr+ 20 XT=28)+ W £ 20 (T +a,+ B} + Bl + 20,) —h"]}; )

!"‘ where a;=; cos?0 (i=1,2), I
4 As it is shown, in cases (1) and (2) there have been taken
- ] 2 . place two—fold degeneracy, but in case (3) — four-fold degen-
I = 3 (Jp+Jz) cos®0+d sinOcos0; eracy. But in case we consider, only in one case exactly at
J=cd=0 we have degeneration: @;=@;, @;~o, This resuit

Br = Lnoi1-1,2) coincides in case (2) at #-0.

4 At 0=0 one can assume in future calculation

o=, a;=f.
' . Then @ =0;, @:=ay
It's easy to check that @, w; are the optical branches, but For magnetization of sublattice we have

@y, @;— acoustic branches.
In {12), where case H=0 is considered, it was established,

that: <5% >- — — p(0) - o(T) (6)
{1y —at J;=0, d=0 a=w,, @7=r, takes place

{2y - at I 0, =0 W=y, m,=w, takes place In {6)

(3) -at T~=a=0 o=ay=0;=w, takes place

¢(o)=i-z[-f+ r +r(r2-4 - 8(12(1“'+2o:,)]

(D)
- N w, + o, w,w,(w, +@,)
describes magnetization deviation from saturation at =0 at
# the expense of zero oscillations in system (quantum spin re-
duction), and
| B, @ +o] — @, — [ @ + W) - 1,0, - U
?(T)= Z{ - 2[ I ! %y zf(&);)—- 2 2 1“2 2 f(wg) (8)
magnetization deviation at the expense of thermal oscillations R 3.2 _ R 3.2
of spin (magnons) at 7#0, >———<p( ) (R R )J 7’ 3]

=% —dal;p, = I —4a? )-8a} (I + 2a,)
if (RyRy) 3 ?<<T<<Ty At T<<(R;R3)*"? both branches
give exponentially small corrections.

flo)= [exp{% - 1]] | (kD) In (9)

At low temperatures b

¥l )
Ry=J:(0) 71 +J2(0) 72y Ry=[J1(0) 11~2J> (0) n21; Rs;E [T (0) m+272(0) n2]

<§%5= 1-—

in the neighborhood Ty (T< Ty at #=0 [ | T, T (10)
F Ty

a5 .



M.B. GU V. AM. SULEYMAN
2 - [+2a
where F=— Z—-z- , but
N 6

“f
{ i 12]
Z;c- _ o}  w;

J

Neel temperature. At T;---l(}3 KiTa e we have
Xp

Tw=270K.

Magnetic heat capacity, is defined in the following way:

2 w32 B prez B2
C, = (NV)[Z) L/ L v I it

4’ Y Y2
., P P
15[B? A B
41 7 ¥2

if, P<< (R R3)13 In (9), (12) and (13) P;=(R;R;-R.d)} 7%,

Py= (GR) ¥, = (RiRy~RzR3) ¥ 2, yo= (RiRs—Rpd} 777,
The dependences (14) and (15) agree to the experimental

data on heat capacity investigations {9].

Transversal (dynamical) magnet susceptibility is the follow-

g

X_L(}:JW)

(14) deseribag resonance behavior of system La;CuO,.
Huving expanded @ in terms of k at low temperatures
and integrating (14) we can show that p;~T. which accords
with the results of paper [9].
We note, that as the external magnetic field is increasing (at a
certain value of this field). First the spins change from anti-
parallet state into the state of spin-flop phase and make an
angle ¢ (0<p<2x) and then they come together. These val-
ues of the magnetic field are called critical and determined
when the acoustic branch is ignored (in our case it is @) at
K=0.
So we have

o = -2a,) -16a; (15)

_4 W+ TW = wW— i,
g T

(14}

V, K.M. SULTANOV. V.8, TAGIEV

s

ol_f

At low temperatures

NVY | 1 1
C. =(n"? ]RJJ 2[1{,3'2 + Rs.f 2}Tj (12)

f (R,R,)"’ <«<T <<T,

52 _’:L 5:2 _fz_
eT+2 T P74
Y Y:

(13)

is the critical field, corresponding to the change from the par-
allel state of spins into the spin-flop-phase and

hy, =I'+2a; - is the critical field, corresponding 10 the
change from spin-flop-phase into the state of parallel spins.

Results

1. Unlike paper [11], where La;CuQ, is considered as two-
sublattice system in the present paper La;CO, is considered

"as four-sublattice anti ferromagnetic system. which is taken

place.

2. Tt was established that if the external magnetic field is per-
pendicular to the direction S,, it doesn’t influence on the ba-
sic state.

3. Considering the external magnetic field results in taking
off degeneracy in the energetic spectrurn of spin excitations
of anti ferromagnetic HTSC La;CuQ,. Just in one case, par-
ticularly when J,<<J;, J<<J,, the foliowing degencracy
a,=m,, W~ is true one. This result coincides with the case
of the work [2] at H=0.

4. For the first time there have been obtained the expression
for critical fields in anti ferromagnetic crystal La;CuOQ,.
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M.B, Hiiseynov, A.M. Siilleymanov, K.M. Sultanov, V.C. Tagiyev
YUKS8K TEMPERATURLU IFRAT KECIRICILORIN MAQNIT XASSOLORING DAIR

Yuksek temperaturly antiferromaqgnit ifrat kegiricilorin maquit xasselori ve enerji spekiri togdim edilmisdir. La,CuQy tipli kristal-
lara balrmigdir. Kritik sahe garginliyinin faza serheddine uygun olan giymetlori alinmigdir.

M.B. I'ycedisos, A.M. Cyneitmanen, K.M. Cynranos, B.C, Tarnes
X TEOPIIH lViAl’"HHTHBIX CBOHCTB BBICOKOTEMIIEPATYPHBIX CBEPXITPOROAHHKOB

Pag BTCIT aBAsiOTCA MAFHUTOYROPASOMCHHBIME KpACTanaMA, OObeKTAMH HOCACAOBAHNS NaHROH paboThl ABARIOTCH aHTHEppoMar-
aurnste BTCIE co crpykrypolt La,Cuy,. TTonyuer cnextp po3GysncHRA CRUHOBEIX BONH HCCASAOBAH B PATHBLIX CAYSAAX MATHHTHOTO NORA.
Momyueno asauenne KPUTHIECKOTO [0JA, COOTBETCTBYIOMLER dazonoli TpanHLe.

Hamua nocmyrneiun: 08.08.2000 Pedarxmop: &. M Fawumzade
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