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ON MECHANISM OF THE ELECTRET EFFECT IN THE POLYMERS, DISPERSED
BY THE PARTICLES OF THE PIEZOELECTRIC MATERIALS

M.M. KULIEV, S.N, NIFTIEV, S.N. MUSAEVA, L.A. FARADZHZADE,
M.G. SHAKHTAKHTINSKY, M.A. KURBANOY
Institute of Physics of Academy of Sciences of Azerbaijan
H. Javid, av. 33, Baku, 370143

In this article the resulis of investigation for reveal of the formation mechanism of the electret effect in polymer-piezoelectric heteroge-
necus system are presented. [t is shown, that a volume submicro- and microsections (the polymer domains) formed at the dispersion by pie-
zoelectric particles of thermoplastic polymers (PE, PP, PVDF) are not the determing elements in the formation of the electret state of com-
posises. Oriented domains of piezoparticles that form with injected boundary charges the quasistationary system are responsible for the for-

mation of stable electret state of the composite

It is known, that thermoplastic polymer materials- poly-
ethylene (PE), polypropyiene (PP), polyvinylidehe-fluoride
(PVDF) have the low electret properties, although the in-
ducted materials have high physico-mechanical and dielectric
characteristics [1]. It is also known, that for the formation of
siable electret state in dielectrics it is necessary to form in
them the two types of charges: homo- and heterocharges (2].
Taking into account that indicated polymers are non-polar
(PE, PP) and weakly polar (PYDF) diclectrics then it can
make a conclusion that the formation in them a quasi-stable
system consisting of the oriented dipole and injected charge
is not possible practically. Despite of the fact that indicated
polymer materials after electrothermopolarization have the
high electret potential difference (U.), or electret charge O,
but the dependences of U, and Q on time interruptedly de-
crease (Fig. 1). The non-stable electret state in indicated mate-
rials may be related with the absence in them the stable and
easily relaxed dipole orientation polarization, Such polariza-
tion in polymers, as it is shown early was created by means of
dispersion of ones by the strongly polar piezoelectric parti-
cles [3].
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Fig.1. The dependence of effective surface electret charge den-
sity (1nQ,) on storage time { ¢). | —HDPE; 2 - LDPE,
3 — PP; 4 - HDPE/PCR-3M; 5 — PP/PCR-3M
(& =10% vol.),

From Fig.1 (curves 4, 5) and Fig.2 it is seen that compos-
ites on the basis of PE and piezoelectric ceramics of thombo-

hedra! structure (PCR-3M} at the certain volume fraction of
piezophase have high electret propetties.
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Fig.2. The dependence of the stabilized surface charge density

(&) on volume fraction (@) of the piezoceramics for
PP/PCR-3M composite.

On the base of earlier presented model we have shown,
that the formation causes of stable electret effect in polymer-
piezoelectic composites relate with the formation in them a
quasi-nentral relaxed system of oriented domain-injected on
the phase boundary charge.

However it may be assumed that in the case of (PVDF)
the formation of stable eleciret state in PYDF/PCR-3M com-
posite is not related with domain polarization of piezopasti-
cles and the advent of micro- and submicropolar polymer do-
mains in the volame of polymer matrix takes place. The ab-
sence of electric field on the piezoparticle in electrothermo-
polarization process due to the preat value of dielectric cons-
tant of the piezophase confirmates this proposition {2,3]. It is
noted, that the problem of polarization of polymer-piezoelect-
tic composites is reduced to the creation of maximal polari-
zation of dispersed particles in a potymer phase and its reten-
tion in a long time. It is known, that piezoceramic polariza-
ton of PCR-3M type are made usually at the clectric field
strength order to 3-5 MV/m {4,5]. In this case the residual
polarization value in the piezoceramics is equal to 0,3+0.4



that it corresponds to the theoretically value. Polarization of
the composite is carried out at the electric field strength of
3.8 MV/m, i.e. it practically coincides with polarization con-
ditions of piezoceramics used as piezofillers. The polarization
temperature interval of the piezocomposite and PCR-3M
" practically coincides: 320+433 K [4]. The electric field
strength value on the piezoparticle the initial step of compos-
ite polarization was determined with the account of dielectric
constant of phases and the ratio of H/D, where D - piezoparti-
cle dismeter, H — sphere interphase layer diameter with thick-
ness of H-D, the structure of which is formed by the inter-
phase interactions of various nature (Fig.3). The dielectric
constant of interphase layer in the first approximation can be
taken as dielectric constant of the composite. The piezoparti-
cle is considered one-domain for simplicity. In (6] the prob-
lem of the electric field strength determination within one-
domain crystailite surrounding by glassy-phase practically
coinciding with onr problem is considered. Using the solution
of Laplas equation for the system given in Fig.3, under
boundary conditions that take into account of the potential or

tangential component of electric induction continuity at the_l

9¢,enE,

Fig.3. Spherical piezoparticle surrounding by the polymet phase
&, £oc and &y, - dielectric constants of the polymer, pie-
zoparticle and interphase layer, correspondingly.

E,, - polarization electric ficld strengh

boundary transition in [8] it is obtained the expression for the
field strength within one-domain crystallite

E =

3 O

(2g, + &) (2 + £,.) + 2 g? (8 — &) (€, = €)

For domains the “c” axis of which coincides with Ep
vector (180°-domains) m=1. 1f the value of H/D appreciably
is more that 1, then the field within one-domain crystallite
decreases distinetly. Using the piezoparticle of 200 pm di-
ameter the thickness of the obiained composite sample on the
base of PP changes from 220 to 280 um. The value of E cal-
culated by formula (1) for PP/PCR-3M composites of indi-
cated thickness is equal to: £+ (0,0 12+0,0N)E,.

In {7] for composites it is introduced local field coeffi-
cient { L5} of the electric field strength determined as the ratic
of local ficld (E) in the intemal piezoelectric sphere 10 the
average field (Bp). For calculation of L it is presented the
following expression

—

Iy = 2o , @
28, * £y t D(g, - Epe)

where ,, £ and & - dielectric constants of the polymer, pie-
zoceramics and composite, correspondingly; Ep- polarization
electric field strength; @ - volume fraction of piezoparticles.
Lg=0,032, E=0,032E, at @=0,05 for PP/PCR-3M composite,
If E is determined using formulas (1) and (2), then we obtain
E=0,1+0,2 MV/m. It is seen that £ on the piezoparticle by an
order smaller as it's electric field strength polarization. The
obtaitied results show that other electron-ion and polarization
of piezoparticles dispersed in the polymer [3}.

Table
. Polarization ragime Electret potential | Charge decay time
Composites E,,MVim | T, K difference U,. V 10 zero, hours
5 L] 124 572
HDPE/CaTiO; 10 K¥E] 145
@=5 % vol. 14 373 182 <100
5 393 115 <48
10 393 135 o'
HDPE/SiO: 5 173 140 <72
D=5 % val. 10 373 170
5 393 nu? <75
i0 . 393 108
14 393 124
PP/CaTiO, 5 LYE] 105 <175
=5 % vol. 10 373 122
14 373 140
PVDF/TiOs 6 413 150 £9
@=10 % vol. .
PVDF/CaTiO; 6 413 200
L P=20 % vol.




Theoretical modeling of polarizaton process of piezoelec-
tric or polymer domains in heterogeneous systems, polymer-
piezoelectric in particular, is fraught many assumptions. The-
refore we are chosen physical modeling method. For this
purpose the polymer matrix is dispersed by inorganic fillers
of various dielectric constants; TiO,, 8i0,, CaTiQy, The stu-
dy of electret propeities of composites on the bases of poly-
mers and indicated fillers shows that these electrets are not
stable (Table).

The change of polymer structure afler introduction of in-
organic fillers is observed for diffractograms, IR and EPR-
spectrums, DTA [8). The obtained results show, that the dis-
persion of polymers by PCR-3M, TiO,, Si0,, CaTiO; parti-
cles leads to identical change of physicochemical polymer
structure. If a disturbance of physicochemical structure of the
matrix at the dispersion (the formation of polymer domains)
maintains the electret charge stability, then the stable electret

state in composites is formed by filler type independent
(which have metastable domain-orientation polarization or
ones have not it). The elecirets with high surface density and
stability of the charge are formed from composites only dis-
persed by PCR-3M piezoceramics that has metastable domain
orientation polarization and high Curie temperature. Hence
are follows that the main factor of stable electret state forma-
tion of composites on the bases of polymers and piezoelec-
trics is non-polymer-domain polarization, and piezo¢lectric
domain-orientation polarization takes place. Of course, the
stabilized in various traps charges (external residual polariza-
tion) make great contribution in the stable electret state for-
mation of composites. Namely these charges as we are shown
earlier [8], form interrelated stable charge system with ori-
ented domains of piezoparticies maintaining in the result the
electret charge stability of composites.
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PYEZOELEKTRIK MATERIALLARININ HiSSOCIKLOR! ILO DISPERSIYALANMIS POLIMERLORDO
ELEXTRET EFFEKTININ MEXANIZMi

Megalede polimer-pyezoelektrik heterogen sistemindas elektret effektinin formalagmas: mexanizminin tedqigatinin netigaleri veri-
lir. Gostarilir ki, termoplastik poiimeriorin (PE, PP, PVDF) pyezohisseciklerin dispersiyas: ilo yaranmis submikro- ve mikroobiastlan
(polimer domenleri) kompozitin elektret hahnin formalagmasinda esas rol oynamir. Pyezohisseciklerin injeksiya olunmug serhed
yiikleri ile kvazistasionar sistem yaratmig istiqgametionmiy domenieri kompozitlorin stabil elektret halinin formalagmasini to'min edir.

M.M. Kyanep, C.H. Hugrnes, C.H. Mycaena, H.A. ®apamuaane, M.T. llaxraxruacknit, M.A. KypGauor

MEXAHHAIM AJNEKTPETHOI'O YO®EKTA B MOAHMEPAX, THCHEPTHPOBAHHBIX YACTHIIAMH
IIBEIOIAEKTPIMECKOI'O MATEPHAJILA.

B JRHEOH CTETHG MPEICTABNCHM PE3yABTATH HCCNSIOBAHHA MeXaHN3Ma (OpMUpOEaHIa SNCKTRETHOTO 3perTa B reTeporeHHoM cHeTe-
MC TIOMMMCp-ILE30INeKTpHK, [lokasano, 4re cyOMukpo- B MuxpooGnacTH (HONMMEPHbIE AOMEHE) TepMOMIacTER MonHmepon (I13, T,
NMBAD)} chopMupoBaHILIe JUcTiepered! Mae30HacTiIl He SRISIOTCH ONDANENSIOIINMH B GOPMHPOBAHMN HIEXTPETHOMN COCTORHUA KOMIIOIH-
78 OPREHTHPOBARHBIC TOMEHA! [LE3ONACTHLL, KOTODHE OGPA3YIOT C MEKCKTHPOBAHHBIMK MPAHHYHEIMH IAPARAMH KEA3HCTAUMOHEDHYIO CHC-
TeMY, DTSCTCTBCHHBI 30 GOPMHPOBAHAA YCTOHIHBOTG 2NCKTPCTHOTO COCTORRNA KOMIIOINTA,

Hama nocmyraenun: 13.09.00 Peoaxmaop: MK Kepumos



FiZIKA

2000

CiLD VI Ne 4

HCCJIEIOBAHHE YACTOT HOPMAJIBHBIX KOJIEBAHWI H MHTEHCABHOCTEH
NMNOJOC NOTJIOMEHHUA HK-CHHEKTPA MOJIEKY/JIBl BEH3OHUTPILIA

3.1. FTA/IKHEB, C.1. TEMYXAMEAOBA
baxuncxuu Focydapemeennuiii Ynusepcumem
370143, Baxy, ya. 3. Xanunosa, 23

Metogamy TeopeTHHEcKol KoneGaTenEHON CREKTPOCKOHM W KBaAHTOBOR XHMHW Npoxsseneno ucenenobanne HK-cnexrpa nornomenns
MOMEXYAR! 62H30HMTPANA, [TonyHueHs! YaCTOTH W METEHCHRHOCTH HOPMAJRHEX koxeOanuil, caerana roapoGuas TeOPETHUECKAS WHTEpNIpe-
TaHR KoNebaTeNbHOTO CHEKTPa MONeKYRH GSHIOHHTPIIA ¢ HCNIONAGOBAHREM MOMYYCHHLIX GOPM HOPMANEHAIX KoneSanmif H pacnperene-
HHA SHEPTHH 110 KOMeOaTeNbHEM KRoopatkstam. [TocTpocHa TeoperIcckas KpHBAA CICKTPANEHOTO PACIPEICICHHA KoXpRLACHTa IoTI0-
premua. Halines HaGop CHROBRDC M MIEKTPOOITHYECKIX MTAPAMETPOD, JOCTATONRO XOPOUIO STHCHEBAIOIIIH kcnepuMerTantHul HK-cnektp

MOJIEKYITH GERI0HHTPHITA.

Monekyna GedsoHHTpHAZ WMeeT GOABIMOS MPOMbILINEH-
HOE 3HAYEHME, TAK KaK ABJAETCA PacTBOpuTeneM JoMblIHH-
¢TB3a MOJAAMEPOB, 3 TAIOKS HCNONB3YeTCA B NMPOH3BOIACTBE
KpacHTeneH, BHCOKOTEMTICPATYPHBIX ¢Ma3ok U T.U. Csoeob-
pasie (PUINIECKHX A XHMHISCKHX CBOHCTE Monexyse Oew-
SOHATPHIA OMPEAENASTCA OCODEHHOCTAMH ee MOABKYNIPHO-
TO CTPOEHHS,

Hacrodwmas pafora nocepimeHa TEOPeTHISCKOMY MCCHae-
HOBAHMIO koNeGaTeNMbHOTO CIIEKTPa MOJICKY bl GEHICHHTpPIIIA
no MeTonAy, WwinoxcHHomy B [1-4]). Bee pacuers mpoBoau-
NHCh ¢ MOMONIBIC KOMILIekca Mporpamm LEV [5].

IxenepuMenTanbHufl HK-cnextp nomomenns Semso-
HHTpHNA B3AT M3 arnaca Caamepa [6). HacTorsl akenepu-
MEHTABABIX NONOC MOTIOMEHHY GCHIOHATPIIA NPHBE ZEHLE
B Tabnnte 1.

TaGmua 1. IkCHEPUMEHTANBHEIC H TCOPETHYSCKHS YACTOTH § Hirepuperamn HK-cnexrpa OcH30HHTpHAA

Vexcm. | Veecp.saw | Yeoom wow. Popma KoneGarensurie | IloT. 3H.% KoneSarenpusie
i RoneGanni KOOPIHHETH KOOPAHHATE
1 2 3 4 5 6 7
383 358 382 0.431 CCiNy;3 51.337 CiC:Nyy
0.251 CsCeCCeC,Cs 37.908 CyCeC,CeC T
428 149 430 0.261 GGy £6.190 <0
0,261 GGGy
449 0.435 CiCaCiCaCiCs
0.45% CiCCyCsCyCy
0.228 CCulC1CeCCo
466 432 462 0.161 CCiCs 38,146 P oF o
: 0.090 CyCuCs 36.968 i
544 510 544 0.443 CoCiCCHCCH 34360 CoC GGG
0.431 GG CCsCLCy 33788 CsCCCCiC,
0.431 CyCaCelCCsCy
675 610 673 0.235 CsCsCs 77.054 CsCsCy
0.23% C.C5C,
686 702 686 0.485 C,C3C,CC,C; 51.720 C:CC, GGG
0.485 C3C4CsCeCsCy 37.604 C,CCsHCH, 4
0.469 CilyCeCeCeCy
754 744 753 0.632 CoCaCsHyoCoHig 62.789 C1CeCsH1z2CeH)o
0.461 CCiCC GG
0413 CelCaCCaCy
785 750 789 42.996 GGGy
25.166 CsC
923 %07 923 0.757 C\/CsC:H;CeH,; 85.835 C,\CCsH\.CH,y5
0.757 C,C.CH,C;H,
1000 981 999 0.850 CoCalCiHisCHio 88.639 CCsCsH 2 CeH o
9.7136 CCaC LG
1023 1000 1024 0.174 C,Cs 27.432 CsC,y
0.174 o o
0.126 C3CaCs
1069 1022 1068 0.267 CalCsCy 44.836 C3CeCy
0.267 CCCy 36.097 CC,
0.252 C,C;H,
0.252 H;.CsC,
1092 1057 1082 0.320 H,C:Cy 59.554 CsCy
0.320 CiCH; 290676 - | HiCsC,
0.226 H,-CsCy




HCCI YACTOT HOP BIX K i E BHOCTEH [I0J0C NMOTTOIEHWA HIC-CNIEKTPA ...
TTpononxenne Tabnuos 1.
1 2 3 4 5 6 7
: 0.226 C,CHy
0.220 H,,C.C,
1155 1154 1145 0.670 C;CaHlo 72118 HquC'j
0.670 H4CoCs
(0.473 CaCsHy
0.475 HC.Cy
1178 1180 1139 0.484 CsCeHyy 98.182 - HpGCsC,
0.484 HC,Cy
0.483 C.LCHy,
04717 C.C.H,
1270 1281 1268 0.336 HyC.C, 28277 C:Cy
0.336 CsCeH,z 26414 CsCCy
0.278 el
1286 1300 1291 0.417 CiC.H, 72.469 CsC,
0417 H;2CsCy
{.380 CsCeHjp .
1334 1321 1325 0.507 Hy,CeCy 48.977 CsC,
0.507 C,C.Hg 48.007 H,.CsC)
0.486 C:CHjya
1446 1438 1444 0.762 CaCiHig 68.768 H;:CsC)
0.762 HCiCs
1495 1505 1501 0.557 C,C;H, £7.408 H,;CeC,
0.557 H, 1 CeC 35.537 CeCy
0.546 C,CsHy,
0.546 HaCyCy
1600 1600 1502 0.271 C:CHyo 80421 | GG )
8.271 H;CiCs
0.251 CsCeHys
0.243 CelCy_
1618 1622 1617 0.384 C,C,Hy 73.077 C0)
0.317 CC\Cy
2228 2265 2227 0.404 CNp3 86.735 CyNis
. 3056 3057 0.540 CsHyy 98.819 CeHiz
0.540 C,H,
3056 3059 0.823 CyHo 98.801 CgH;o
3061 3062 0.614 C.Hy 98.830 Celia CT
0.614 CeHia i i
3064 3064 0.539 Gt 98.915 CsH)z
0.539 CH,y
0.504 CsHyy
3071 0.553 CiHia
0.474 CsH,,
0.474 C;H,

YacroTH MOROC NMOTIOIIEHNA, & Takke THAUECHUS MX ab-
COMOTHRIX METCHCHBHOCTeH, onperenedHble W3 3KCNEpU-
MEHTANLHOTO CTSKTPa, He MO3BOAMOT BHICKAIATE TOYHOE
MHEHHE O CTPOSHMH MOTIEKYNEL, IKCIIEPHMERTANLHELH CNEKTD
JAET BO3MOMKHOCTh FIOMYGHTH MHGbOpMALMIc O HANMMHEH B
HcceryeMoM oGpasie TOR WM UHOH CTPYRTYPROH rpyRIH-
[OBKH, a TaKke MONYYHTh HENOMHYIO HH(OPMAWHIO O Tiph-
pofie HaGmOZaeMBIX NONoC normomeHns. [{na Tore YTobH
VCTAHOBHTH CTPYKTYPY MONEKYAH ¥ HAeKHO H3YIHTh TIpH-
poiy momoc ee MK-cnextpa mormomenus, Tpebyercs ycra-
HOBHTEH CBA3D MeKAY HaOMmoaeMBIMHA 3KCIEPUMCHTANBHBIMH
nonocamn HK-CriekTpa MoNeKy sl M NapaMeTpaMy, XapakTe-
[H3YIOMAMHA MONEKYITY, T.¢. HeoOXONHMO MPOBECTH TeOpe-
THI¢CKHE MCCICIOBAHAA KOMCGATEILHBIX CIEKTPOB MOJIEKYIL.
TlosToMy mpeAcTaBaAeT GoMbmoll URTEPEC NPOBECTH TeOpe-
Tedeckuit pacyer HK-criekTpa MONeKkym GeH30HRTDITA.

Monexyna 6eHIOHMTPINA COCTOHT U3 ABYX (PArMCHTOB -
HMTPHIBHOA # eHHTBEHON IPYNIHPOEOK. MOASIs MOJICKYIIBE
GEHROHMTPING, & TAKKE HOMEDA aTOMOB R cticTeMa konea-
TeNbHEIX KOOPIHHAT MOMEKYB! PENCTABNSHR Ha PHC. .

Mozens. Moiexynn GeHSOHHTpRUIA [OXYYEHA TIYTEM
CIOHBKM (pparMeHToR GeH30Na W ALETOHWTPHNA: B MOJACKYNe
Ger3ona onHa us ceasel C-H Opuza 3aMeteHa HA GparMEHT
C-C=N m3 Monexynsl aleToHATpHNa. Bee reoMeTpHIcckne
RAPAMETPEL, CHIOBBIC TNOCTOAHHBIE H MEKTPOONTHICCKHAS
AAPAMETPH], 3@ UCKIOYCHHEM MeCTa COCAWHeHHs dparMeH-
TOB, COXPaHMOTCA KAK ¥ OTAENBHEIX $parmentos. [Ipn co-
elIMHeHHH (QparmenToR AnHHA ¢BisH C-C; mecra CHHBKH
ROAYIHNAch HAMHEOTC MEHBIUE, deM ofuyHan AnmHa CBAIH
C-C. Zns toro arobut onpenemits AnuEy cazk C,-Cy, 2mu-
Ha oToft cBAIM CHAUANA ONTHMM3IHPOBANACH KBAHTORO-
XUMHYECKHMHE MeToJaMu pacders MINDO/3, AMI n PM3.
A TOTOM, HCNONBIYA TIONYyYEHHOE 3IHANEHWE NTHHR 3TOH
CBA3M, OBUIN ONTHMM3HPORAHBI FEOMETPHHECKHE HAPAMETPAL
BCelt MONEKYNS TeMH X¢ METOAMH KBAHTOBOHA X¥mHA. [ina
panbHeHmeli paboTsl GbuLH BbIGPAHE! SHAYEHEA ATHE CBA3CH,
TonyuesHsle MeTogoM MINDO/3, xak waubosnee pasyMHEIC
HA Hall B3rNs0.

s anuA caasedi C,-Cy w1 Co=Nj; nocne onTHMUIALHEM
nosyyeHE: sHavenmd 1.456 A u 1.583 A, coornercraenyo.
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Hp
11
5
Cs
4
o &
Hio 10
3
Cs 5
Hs
. GG 13. CC1C;
2, GG 15, C1GCs
. GGy 15. C2G3C,
4. Cqu 1.3 CSC4CS
5. CsCs 17, C4CsCs
6. CéCi 13, CsCsCi
1. CiCy 19. CsCiCy
g CHs 20 CrCiCy
9. CiHp 21 CiCyHg
10. CeHyo 22, HgCaCs
11. CsHn 71 CCHy
HyC3C

nn. CsHp 2,

YXAM BA

25, C3CqaHio 36. C1CeCsHiaCeH2
26, HioC4Cs 37. CeC1CCiCrCy
27. C4CsHy; 18. C1CGCGE
28 HnCsCs 39. CiC3CaCsCyCy
20. CsCgHja 40, C3CyCsCsCsCy
30. HyCeCy 41, C4CsCeCsCoCy
3. GCIGGCIC a2. CsCeCi1CsCiC,
12, C3CyCiHCoHg 1. CNi

1. CCCiHC3Hy 4“.
34. CsCyC3H 1 0C4Hyg

35. CaCsCeHCsHyy

CiCsNy3

1+12 —koOpAYHATEI M3IMeHeHRS INAH cea3elt; 13+30 —-BaneHTHRIX YTN0B; 31+36 —TMNA BEIXOAA CBA3H H3 ILTOCKOCTH;
37+42 —Tuna H3MEHSHHS ABYTPARKX YTN08; 43+44 ~H3MEHeHUs YT 12 Ka TUHeliHOM y9acTie

Puc. ], TeoMeTpHIECKas MOACIE H CHCTEMA KONESATEIbHbIX KODPAUHAT MOIEKYTE GeHIOHKTPHIR.

CWIOBRIG TapaMeTpbl MCCTa CLUMBKH 1 PAA APYTHX HHTE-
PeCYSOIHX HAC CHAOBHIX MOCTOAHRBIX OLLIH PBCcCYHTAHM
MeTogamu kBawtopofi xummm MINDO/3, AMI1 u PM3.
OxorgaressiuyMn GulMy BLIGPAHEl MAPAMETpPLI, PACCTUTAH-
B¢ MeToMoM PM3, kax manbonee pazymnnle. CrnoBse mo-
crosumusie 119 cBA3H C,-Cy MonyHIINCh GIUBKUME K Xapak-
TEPHEM 3HAYCHAAM CIIIOBKIX MOCTOSHHLIX i C-C crozel.
C noxy4eRHMME CHIOBEIMH ITOCTOAHHRIMA 6N NpowsBe e
pacueT 4acTOT HOPMANBHWX KoneGaHUHi MOJNEKYIN Oemso-
HATpINA ¥ [OAYYEHHRIE HAJanbHbIE 3HAYEHHA YACTOT
{cM.7al1n.]1) CpaBHMBANNCE C MACTOTAMM IKCTICPHMECHTRNBRC-
ro cnekTpa. Kax srano #3 Tanupl, Habmosaerca HeaocTa-
TOMHO XOpoIlce COTIACHe TCOPCTIMCCKH PacCUHTAHHBX Jac-
TOT M 9aCTOT IKCHEPHMEHTAILHOTO CIIEKTPA MONCKynt Gex-
sonnTprna, [loaToMy Ha cnegytomeM sTane pabothl it Mo-
fiexyss GemsommMTpWia pelnanmack ofpaTHAT CMEKTpaNbHAA
sagaga. [1pA pemeHnH oBparnol CrexTPANTLHON 3a7aYM cH-
EOBLIE HOCTOAHHLIE BAPLUPYIOTCA A0 NOMYIEHHA NOCTATOY-
HO XOpPOMIEro COTIACHS MeXTy TEOPEeTHHeCKHMH W 3KCTIepu-
MeNTaNbHEIMU JacToTaMi. [Ipu pemensn o0paruoil cHek-
TPalbHON 33Ja9YH BO3HHMKACT CIOXHOOTS, CB#I2HHAL C YMe-

HHEM <ICATh INPABHIIBHOC COOTHCCECHHC TCOPCTHHCCKHX H
IKCMEPHMEHTANLHRX 2cToT. KpoMe Toro, yaauHoe pemeHne
obpatioli cnekTpancnofi 3amMauM CBAIAHO ¢ NPABHILHLIM
BRIOOpPOM CUNOBLIX MOCTOAHHEIX ANA BapHamMK, & Takxe c
MPAasHNLHBIM BRIGOPOM HHTEPBANA H3MEeHEeHNI BapbHpyeMEIX
CITOBLIX NMOCTOSHHEIX.

V9UTEBAA CTPYKTYPHEE 0cO0eHHOCTH Monekybl Genso-
HBUTpiAa, o0paTHas cOeKTpadbHas 3afiada pemanack B OT-
AGNBHOCTH DN% LIOCKHX W HENAOCKMX konefaTenbHEX Koop-
oaHaT.B Tabnnue | NpRBEICHS! TAKKE IHATCHHA 4acToT HOp-
ManbHEX KoneOannil OeHIOHATPHIA, PACCUHTAHNHBIC € CHIO-
BEIMHE [OCTOAHABIMH, [TOXYUSHHBIMH PH pelleHHH ofpaTHOH
cnextpanphoit sagaur, CHOBRE NOCTOAHHRIE H HHTEPBAR
VX M3MEHESHMA B TNpoLecce pelleAns ofpaTHOM CREKTpamh-
Hofl 3amawm npwBencHE! B Tabmane 2. Ha puc.2 npupenen
IpadHE, HAMMAOHO OTPAXAMUN Xopomiee COOTBETCTBHE
IKCTIEPHMEHTANHEIX U TEOPETHUECKH PACCIMTaHHBIX HaCTOT.
Ha sroro rpadwika BHEHO, 9TO TOYKY, COOTBETCIBYIOLIHE
Varen. ! Voxen., ONMAIKH K 1+ H uMe0T HeGOMLIIOS OTKIIO-
HeHme, KOTOpoe COCTABMNET Reere 2-3 %. Xopomee corfa-
CHe MEXIY KCTIEPHMEHTANEHEIMH H TEOPETHHYECKH Pacedi-



1]

[ 1)

1]

TAHHLIMH 9aCTOTaMH HOPMANLHEMX KomeGaHmit MONeKyI !
Semzonutpuna {cM. Tabn.l) noATREpKAAET MPABHILHOCTE
CHENAHHOTO COOTHECSHMS YacToT, 4 TAK¥e IPABIILHEIA RLI-
fop BADEHMPYEMEIX CHHOBBIX MOCTOSHHEIX W HATEPBANA MX
HIMEHEHHA TPH PeITeHAH oOpaTHOH CEKTPATRHON 33124,
VuurhiBaf (M3HGECKH CMEICT HEPABHOMEPHOTO pacmpe-
JeJeHNs 3HEPruy No KonefaTelbHEeM KOOpAnHATaM d Gop-
MH HOpDMANbHHX KONeQaHHH, COOTBETCTEYIOIIHE MaKCHMY-
MaM NONOS MOTIOMICHAA, HaMH O MpoBeOcH aHaNK3 NpH-
poXn kakacl monocsl moraowenya HK-cnekTpa MOREKYIR
Ger3OoHHTPUNS. AHam GopM HOpManeHBIX koneSauni no-
3BONACT YCTAHOPHTD CTSNCHH YYacTHA ToH Hnu mnoOH kone-
GaTeabHON KOOPAMHATH B AGHHON molote MOMMOLIEHHA, a
HCCTeI0BaARe PACTIPENENEHI HOTEHHANEHON 2Heprun mo
PATHYEEIM KonebaTeNt LM KOOPAHHATAM IT03BONEET YCTa-

HOBHTb B KAKOM JACTH MOAEKY/IBl KAH B KAKOM CTPYKTYPHOM
5MeMeHTe NOKANN30BAHA NOTEHUHANMLHAA SHEPrHa JAHHOTO
HOPMANEHOTO KOMeSaHM MONEKYIEL.

Vaund Vo
1.1 &

o S00 1000

1500

2000 2500 v, _{cwm™

Pw‘ 2' VWM./VDKCH‘ m v’ﬂ:ﬂ.

Tafanua 2. CANOBbIt TOCTOAHAEIC MONEKYE GCHIOHHTPI/A

Hau. suaveHus Wurepsan | OroHg, 3H39EHHS CHIOBHEIE NOCTOSHHEIE
CHAOBRIX MOCT. H3MCHEHHS | CHNOBSIX MOCT.

11.095 1.000 11.202 CiG;-CiCa (1-1)
3.090 1,600 7.845 C,C7—C,Cy (7-7)

27.700 2.000 26.718 “CNj; — CNpy (4343}
0.835 0.800 0.964 CC-CE (1-2)
(.544 0.200 0.629 CiC=CsCiCy (1-13)
0.115 0.110 0.071 C1C;—C,CHy {1-21)

-0.397 0.400 -0.490 C,C; - H;C,C4 (1-22) . i
1.129 0.900 1.508 CeC\C; - CC,Cs (13-13) :
0.669 0,700 1.0596 CsC,C; -~ CCiCy {19-19) . av

+.160 0.200 -(.124 CCrC2 -GGGy {13-14) i '
0.023 0.030 0.036 CsCiCy - CCeHjo (19-29) ot

-0.069 0,030 0.072 CiCH, ~Hy G0 {21-22) &

2 o1an A&
0.643 0.30 0.748 CCyCoCHC G~ CeCiCoCHC Cy (31-31)

0.249- 0.20 0.280 CeCiCC 0,0, - CC 1501520 (371-37)

0.107 0.10 0.109 CsC1C,C4C,Cr — C4C,CHCoH, (31-32

-0.025 0.03 -0.030 C,;C,C\HsC;H, — CC,C,C,C4C,y {32.37)

0.017 0.03 -0.020 C.C;C.C,C,Cq - CC,CCC,C; {32-40)
0212 0.20 0.202 CeC 1 C 100, = GGG CCAC, {31-39)

Tlpy ananmze pacnpelesieBMd 3HEPIHH MO KonedaTeNb-
HEIM XoopauHataM MK-CHEKTp NOTJIOMEH A MOREKYNIL Gen-
3OHUTPHIE MOKHO pasGHTL Ba TPH 00AACTI.

Tepeas ofnactb: 300 — 1000 v’ B a10it o6macTH B 0c-
HOBHOM TIPOSIBNIAIOTCA 10AOCH HOTNQMISHHA, CBI3AHHLIC C
KomebaTenbHBIMA  KOOPOUHATAMM BRIXOAA M3 NFOCKOCTH!
382, 544, 686, 753, 923, 999 cm’. B nonocax HOMIOMEHHA
753, 923 & 999 cm’' moTenIMANEHAA JHEPTHA NOKATU3OBAHA
B KONebaTeNLHBIX XOOPAMHATAX BRIXOAA M3 iockocTH CH
cha3ell M COCTABIAET COOTRETCTBEHHO 62% 35,8% u 88,6%.
TakiM 06pa3oM, STH HACTOTH HONHOCTHI) COXPAHSIOT CBOKD
XAPAKTePUCTIIHOCTE, UTO COOTRETCTBYET IKCIIEPHMEHTANb~
HRIM JaHALM, JUs APYTUX 9acTOT HOPMANEHEX KoncHaHwH
aroil 06NacTH NOTeHIMANLHAL JREPIHA B pasTAYHOH CTCICHY
pacrpenieNieHa 1o BCeM KoNieOATeNBRBIM KOOPAHHATAM BHXO-
11a Wz rnockocTH. Hapaxy ¢ OTMEICHABIMHU HacTOTaMH B 3TOH
o6IIaCTH HAGMO MA0TCA nONoGH noromerma 430, 462, 673
1 789 e, Tlosmnerme yactor 430 1 673 cM™ cBs3aHO ¢ Ko-
nefaHMAMH YIIOBHX KoneGarenphix xoopausar C;C,Co
CsCoC1, MOKAMIBALMA NOTEHUMAMLHON OUEPrHH B  KOTO-
phIX cocTapteT cooTeeTeTerHo 86 % ¥ 77 %. Kak BHAWO,
ITH [ONOCH COXPAHSIOT CBOK XAPAKTEPHCTHUHOCTE. B mono-
ce mOrNOMmeRus 462 cM™ MOTEHLMANLHA% SHEPTHA B OCHOB-

HOM DAaBHOMEDHO PACTPEACHCHA MEKIY KONeOaTeNbHBIMH
koopauHataMu CsCeCi u C,Cy.  [loTeRumansrag 3HCprus
nonockl 789 oM’ B OCHOBHOM NOKAAKIOREHA B KOOPAMHATE
C+CsC| m gactmo B xoopaHate CoC).

Bropas obnacts: 1000-1650 cv™'. Ha6mogaemsie B 370k
ofracTi MoNocH HOrOMLEHUA CEA3AHE ¢ kKonebanuaMH Cri-
3ell, 0Gpa3yIOMFX KOJBLO, KONeOAHASMH YITIOB MEXLY 3TH-
MM CBF3AMH, a Takke KoNneOaRMAMH YINOB, 06pazOBasHBIX
cpzamy C-C; u C-H co cBM3AMHA KONbla. AHANHI pacope-
JENeHis TOTERIHANLRON 3HEPTAH 0 KoJeOaTeNbHbLIM KOOp-
nmHATAM (CM.Tabn.1) nmokasmsaer, 4ro y Hacrotr 1024, 1291,
1602 u 1617 cM” nOTEHUIMANEHAS SHEPIHA JIOKATH30BAHA B
CBA3AK, OOpa3yiOmMX KONBUC. OTH IIONOCH IOFIOLICHHA
XapaKTepHCTHIHE AnA Gemsoabroro koneia. IToTeHuHEAN.-
HaA SHEPIHA pacipefescHa NPHONHIHTENLHO B OOHHAKOBOH
crencHd Mexxy koopimearaMu CeC) M CCeCi. 3a cuer
KoneGapuli 3THX KOOPAMHAT, T.€. 34 CUET HX BIMEHeHHd, No-
ABITOTCA ToNOCk mormomexns 1082, 325, 1501 om™. Jina
920TOTHl ROPMAEHOTO KosleGanua 1068 oM MOTCHUMANE-
Hag DHEPTUA pacTpelencHa NPHOMAIHTENEHO OAMHAKOBO
Mexny KoneGateasueiMa koopmmsaTamMu CsCeCp A CeCy.
JIInn monockl nornomenus 1286 o’ moTeHumanbHan Hep-
Hd PABHOMEPHO DACHPEACTACTCA MEKELY KONeOate/ILHEIMA




3HF

roopaunaramu C,C; B C;CC,. B 3T0oM KHTEpRANE UACTOT
xonefaTeEHOr0 CHEKTPA MONEKYNH OeHioHMTpMIa Habmo-
LAKTCA XApaKTepUCTHIeCKHe MOoJNock nornomexusa 1045,
1189, 1444 cM™, NOTeRIHANLHAS SHEPTHA KOTOPHIX KOHLEH-
TpHpYyeTed B KoneGarensRRX koopanmarax H .CesCy M coc-
TaBIINET COOTBETCTBEHHD 72%, 98% u 63%.

Tpetba BhcoKOYacTeTHaA ofnacte: 2000-3100 o B
atoit ofnacTy HaOMIOZAIOTCA MOAOCH NOrAoLkeHHA 2027,
3057, 3059, 3062 1 3064 on’', TloTeHURANBHAR SHEPTHA FTHX
0ONOC NOTIOWERAIA Nokank3yeTed B ceasax C;Ny, v CgH\,.

Iposeaem ananus HopM HOpMATBHBIX koneSanuti Mose-
kYIB! GeHI0RHTpHIA.

O6macts 300-1000 oM. 3pmece HAGMOAAIOTCA TIONOCHE
MOTAOMIEHNS, COOTRCICTBYIOMIME HETUIOCKHM KOJeGaraM
Monekyam. [Tonoca 686 cM™' BOSHHKAET 32 CHET WIMEHEHHA
koneGarenbHBiX KOODIMHAT XPYMEHHA, 2 Momock 923 n
999 cM™' COOTBETCTBYHOT KONEGAHHAM BHIXOZA K3 INOCKOCTH
cBase CH. 3th nonocel xapaxTepHcTHd¢cKHe. ApyrHe no-
JOCH NOTHOMEHHSA, COOTRETCTBYIOUME HEILTOCKHM Koneba-
HHAM MOJNIEKYJIN (382, 544, 753 oM™, nabmonatorcs 3a cuer
YYaCTHA B PaIHYHON CTeneHH BCeX konebaTenbHBIX Koop-
JHMAT DRIXOZA M3 TUIOCKOCTH, W MOYIOMY PTH 4acToTs! He
6yoyT xapakrepucTideckumi. TTonocel nornomenHa 462 n
673 M chmsamnt ¢ zedopMaiiell YLIOBGIX KOODAWHAET
KombOa. 3a cuer usmenenus koopmuuar C,CCy n C,C\Cy
HA6MONALTCH TIONOCA NIOTNOIeRHs 430 oM.

AHanm: POpM HOpMATEHE KoneGaHuit 3 obnactu 1000-
1650cM” 03BOMAET MPHATH K BBIBOIY, 4TO YYACTHE B KOJNC-
GaHHH KONBLCBAX CBAICH ¥ YCIOB NMPHBOAHT K ITOABIICHHIO
nenock nornomerna 1024 oM™, Ecnm 1y nonocy mprmATe
Kak HCKMIOYCHHE, TO NOABNECHUE OCTANBHBIX MOA0C B 3TON
o6NacTH CIICKTPa B OCHOBHOM CEA3AHO ¢ YIacTHeM B koeba-
nug koopmmHar HCC, B moAsnensu 4acToT MOTNOWEHHA
1602 u 1291 eM™ vacTHuHO yHacTBYWOT KoneGaTeNLHEe KO-
OpPHBHATE KOMLLA — XAK CBA3H, TAK ¥ Yrael. Taxim o0paioM,
B 10# 06nacTH KONEOATENEHONO CIIEKTPA MOJIEKYNH (eH3o-
HWTPHARA NOROTHI HOTAOILIEHHIA HAGMONA0TCA 38 CYeT CMe-
IAHHONO YUACTHR KONBUSBLIX KOOPAHHAT ¥ BCEX OCTANBHRIX
KonetaTenbHeIX KOOPAMHAT, 3 3TO TO3BOMAST YTBEPKIATD,
9TO B 3T0H 00NacTH BCe NMJIOCH CMELUGHHOIQ THITA H HET
XapaKTePUCTHIECKHX NOI0C,

BricokodacToTHad 061acTs 2000-3100em™. Ananus popm
HOPMaNbHLIX koneGaHHil MoNoC MOrMoWeHAA HAbMI0JaeMBbIX
B BEICOKOYAcTOTHOH ofnactu (Tafn.l) nokasuiBaet, 4TO 3TH
TONOCH MOTAOWEHHS NONHOCTEIO Xapakrepucruaeckue. Tlo-
nocel B obitacTy 2800-3100 cM™ o6m3aHL! CBOMM NOABREHN-
eM BATCHTHRIM koneBanusM C-H cBA3eil MOAEKYNR: 310
cam3B CoHg, CiHs CiHyo CsHyy CeHoa

Monoca 2227 oM™’ cAaHA C W3MEHeHREM KoNebaTenbHOMN
KOOpAMAATSH! TPofiHOK comid Cr=Nis.

TaxaM 06pa3oM, 2HATHM3 MONOC NOINOMEHHS A0 Gopmam
HOPMANBHLIX KoNeGaHHN A PACTPENEACHHIO NOTEHUHANBHOM
JHEPTHH [0 pasTEdHBIM KonefarenbHbiM KOOpAHHATAM Mo-
3ROMACT NOJHOCTEI) YCTAHOBMTE NPHpOAY kaxiol oraems-
HoHt monock nornomernd, HadanpHbie 3HAMCHHA CHIOBBIX
MOCTOAHHBIX, HHICPBAT KX WIMCHEHWA, 2 TAKke OKOHYa-
TENLHEIC 3HAYCHWA CHIOBLIX MOCTOAHHEIX, HOMYIEHHRX [M0-
cne peileHrs oGpatHON cnekTpanLHOM MexaHHYECKOH 3a1a-
g OeHIOHWTPIIA, NpHBEASHL! B Tabmine 2.

TNpu nocranokke oBpaTHON CNEKTPATEHOH MeXaHH1ECKOR
130a9H A4 GEHIOHUTPHITA BAPBUPOBANOCEH Beern 40 % cuto-
BEIX MOCTOAHHBIX W3 BCEH COBOKYMHOCTH CHIOBBIX IOCTOAH-
HBIX, ONMCRIBAIOIIMX CHIIOB0E [TONIE MOMEKYJThl GEHIOHRTPH-
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na. BUGOp CUIOBHX MOCTOMHHEIX 1A BapHAIMH M BhIGOp
AHTEpBAla H3MEHEHHS ITHX MOCTOSHHRIX OCHOBAH HE& AHANH-
3¢ pesynbTATOB pellieHHA MpAMOH cHexTpanbHOM 2a18H. Kak
BAIHO M3 TaOm.2, NMOIYYEHHHE MOCNE PeIicHHA 0fpaTHolH
MEX4HUYECKON 38aY% 3HAYCHHA CHIOBbIX NOCTOAHHBIX Gen-
JOHHTPHAA HESHAMHTCIIBHO OTIHYAIOTCE 0T HAYANbHBIX 3HA-
yennil. Xopoulee cOriacHe TCOPETHUECKHX H IKCIICpHMEH-
TAIEHBIX YaCTOT SIS pa3 NOATECMKIACT MpABPHWIBHOCTL DHI-
fopa AN BapHAUAH CHROBEIX NOCTOAHHLIX ¥ HHTEPBATA HX
H3IMEHEHHA.

TTocne petnenda YacTOTHOR 381auM HaMu OBL1 MpPOBEAESH
pacder puredcuBrocTell HX nonoc nornoneHns s Mone-
Kyasl O2HIOHHTPHAA.

KonebaHns MHOIOATOMHEIX MOJIEKYA HENOCPEACTBEHHO
NPOARIAIOTCA B HAGPAKPACHBIX CTICKTPAX MOINOLIEHUA CO-
OTBETCTHYIOMIHX MONEKya. IIpouecc MOrAOMEHHA NPOHCXO-
OHT B PE3yNAbTale B3BHMONCHCTBIA NEKTPOHOB H RACH MO-
NEKYA ¢ ONEKTPOMATHATHEM IToNeM CBeTOBOMH BoaHEL. TlpH
KONeGaHHAX AACP AcPOPMUPYETCA SNCKTPOHHas ofonodka
mMonexynnl. XapakTep 3THX achopMaumdi 3aBHCHT Kak OT
cTpoeHAd 3Tolt 060NOYKH, ‘taK K 0T CBOMHCTB camux Koneba-
HUfi, OcofeHHOCTH CTPOEHUA NeKTPoHHON ofonoukn  Mo-
nekynel Haubonee NOMHO NPOARMAIOTCS B MHTEHCHBHOCTAX
W NMONAPMIBLAAX CIISKTPANsHLIX THHEH H wonoc, Wccnenys
WHTEHCHBHOCTH W MONSPHIALMM B KONeOaTeMbHeIX cneKTpax,
MBl MOXKEM TIOMYMMTh CBEICHMX O INAPameTpax, xapakre-
PH3YIOIIHX JNIEKTPOHHYI0 ofonoixy Monmekymsl. B nepeyio
ouepelb HTO OHNONBHLIE MOMEHTE! H OOAAPH3YCMOCTH OF-
OeIBHBIX CBA3EH M X NPOHIBOJHBIE N0 Koe6aTe/bHhiM
koopanuataM, Hapary ¢ nmpimMeneHHeM amnapata kbanTosoH
MEXANHKH K 3aa49¢ HHTeHcuBHocTell Konebarensnoro cnek-
Tpa MOTMOIIEHHA, HACLIETO TMOKA elllé u3-32 CAOKHOCTH
CTPOEHMA MHOTOATOMHEIX MOJIEKYNl HEKOTOpOE pacxokpe-
HHe ¢ SKCTIEpHMEHTOM, Haubosnee peansHoll  ocHoBOH 114
TeOPETHIECKOr0 MCCNeNORAHMS MHTEHCHRAOCTEHN B HMH(pa-
KPACHLIX CIIEKTpaX WOFNOILIEHMS MHOTCATOMHEIX MONEKYH
ABNAETCA BANCHTHO-OMTHMYECkas Teopud [1].

Pacqer neTeHCHBHOCTEH GeHIONUTPHAA Obl1 NPOH3IBEACH
C TIOMOUIEI MpoIpaMMyt [5], CO3saHACR HA QCHOBE TIONYIM-
DHPINMECKOR PaZeHTHO-ONTHYSCKON TeopHH, NpuieM BEMUC-
JICHHA JGBCPIIAIDTCH NOCTPOCHHEM HENOCPCACTBCHHO TEOPE-
miaeckore UK-criekrpa Monewyari, TIpeHMymecTBOM TAKOTO
nogxona HBAAETCS BOIMOKHOCTH BH3YANLHO CPaBHHBATH
TEOPETHIECKA MOMYTeHHbIE CNEKTPH C 2KCHEPHMEHTANLHEI-
M. Harnagsocts MeTOoOa MO3BONAET TOUHEE H QNEPATHBHES
pelaTs konebaTenbHEie 3anaqy.

TIpu pacters HHTEHCHBHOCTEN BOIMOXHO PEIUCHHE HBYX
THIIOR 3JIEKTPOONITHYECKHX 3aaaq — MPAMOH h ofpatrol. s
peiieHAd NpAMOH FMSKTPOONTHYECKOH 3a0a9H, KOTA3 HHTCH-
CHEHOCTH H NONAPHIAUMAE BON0C TOMOINEHHA BRITHCIAIOTCA
Ha OCHOB¢ H3BECTHBIX JEKTPOOHTHYECKHK TapaMeTpoB, He-
00XOAAMO BBOAMTH B KOMIBIOTEP MEKTPOONTHYECKHE Mapa-
METPH MONEKYN — AHMOSLHbIE MOMEHTE! CBA3¢H H WX OPOM3-
BOMHbE N0 XonebarensiuiM KoopAHHaTaM. C Apyroft cTopo-
HBl 3TH DIAPAMETPE! MOMHO BEUHCAHTE M3 aGCOMOTHRIX HH-
TeHCUBHOCTEH IKCNEPHMEHTANBHEIX NoNoc Hornomenns MK-
CTIEKTPOR MONEKYN = 3T0 OfpaTHas 3REeKTPOONTHYECKAA 3a-
JaYa, KOI'NA HA OCHOBE IKCTIEPHMEHTAABHBIX AAHHBIX NO HH-
TEHCHBHOCTAM M NONAPHIALIMAM NONIOC NOCICIEH A oNpene-
JAKOTCA MEKTPOONTHICCKAC NapaMeTPLI.

Jaa pemwenvsa ofparHol 3NEKTPoONTHICCKOH 3a0aun Ana
MOJIEKYJH SerzoruTpuna Hamu Ghna BHAFCHeHa abcomoT-
HaA HETSHCHBHOCTE JNA BCeX HabMFOXAeMbIX B 3KCTIEPHMCH-




i HACTOT HOPMANTLHLIX KOJEBAT
TamsHoM HK-cnexrpe Moznexyns GeH3OHRTpHAA HOJOC NO-
riomerns. Ilepen pemenneM o6paTHON 3mekTpoonTEYeckoft
3aMa9H HeoOXOAHMO BHANANE PELIUTE HPAMYIO 3IEKTPOOTI-
THYSCKYWO 3amady. HavanbHele 3HAYEHHH MIEKTPOONTHUE-
CKHX NAPAMETPOB MOSKHO 33/i2BaTh ABYMA criocobamu. Ecnu
HCCHEMyeMas MONEKYsida COCTOMT W3 YXKE M3BECTHRIX (par-
MEHTOB, TO HAYANbHHIE 3HAMCHHS HIEKTPOONTHUECKHX Mapas
METPOB 3aHal0TCA TAKAE XK€, Kak ¥ ¢parMerTos. Ho mna mo-
JICKYNE O¢HIOHHTPHIA HAJANbHEE 3HAYCHAA ICKTPOONTH-
YeCKHX MapaMeTpos OLITH HAMH ONpeJeNcHE! ¢ MOMOUILH
METOLOB KEAHTOBOH XMMHHA H [IJTYHMCRHEIC Pe3y/IbTATH NpH-
pefeHnl B Tabmmie 3 p ckobkax. BRI9HCNEHHLIS € STHME 30eK-
TPOONTHISCKHME MapaMeTpaMH HHTEHCHBHOCTH IONOC Ng-
ITIOTICHHES GEH3OHNTPHIA OKAZARHCE CHNIRHO OTIHYAIOIIIME-

HH

EHCHBHOCTEN OLIOUIEHNA WK-CIIEKTPA ...

€A OT HKCOSPHAMEHMTANLHLIX MHTCHCHBHOCTCH COOTBETCT-
BYWOIINMX TOACC NOrNowennsa. [ToaToMy ANA YTOMHEHAA
3MEKTPOONTHUECKHX TapaMeTpos HaMu Golna pemena ofpar-
Hax JMeRTpoonTHYeckas 3amada. Ilpu pemeHuH OGpaTHON
MEKTPOONTHUSCKOR 33744H NApaMeTp CYMMBI Pa3HOCTH
KBAIPaTOB BEIMHCIEHHEIX H 3KCTICPUMEHTANGHLIX HHTEHCHB-
HOCTER nODKen ObITh MUHUMANLHHIM H, KDOME TOTO, BAPEM-
PYEMEIC TTApaMeTphl HE JOKHE! BRIXONUTE 38 NPENRIHl VC-
TAHOB/ICAHOTC BCCICIOBATEHEM HMHTEPBANA, KOTOPHI oGhIv-
HO YCTARABAHBASTCA Ha OCHOBE JOHMONHHTCIBHBIX (pHIMUE-
CkUX coobpaxenyil. [TpakTrka pelreHUa oBpaTHBIX NEKTPO-
ONTHYECKNX 32439 MOKasana, 4To BbiJOp MHTEPBANA H3MCHE-
HHEA HCKTIOHYACT MHEOTOYHCACHHBIC PCLICHHA HEIAHCHHON
3AMATH.

Talimma 3. 3nexTpoonTHIECKHe MAPAMETPE! MOKEKYIH GeHIOHHTpHIA.
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pexne Yem pemath o0parHBIe MEKIPOOTTHUSCKHE 3a-
pa1i HamH Obiia NPOaHANM3HMPOBaHA 3aBHCHMOCTE HHTEH-
CHBHOCTEN MONOC MOINOMEHAA OT MEKTPOONTHYECKHX Na-
pameTpos (Tabm. 4).

DNEKTPOONTHAICCKUE 380a4K A MONEKYEl GeH30HHTPH-
a8 pemIATHCh B TpH 3Tana. CHavama ofpaTHAR 3NeKTPOOTITH-
heckad 3amaua Gplia peltieHa AMA OHTIONBHEIX MOMEHTOR H
Haflaems! 3HATEHHA OHTIGALHBIX MOMEHTOR, COOTBETCTBYIO-
e FKCNEPYMEHTAIEHEIM HHTCHCHRHOCTAM TEX MOJOC [0~
[IOMEHNA, KOTOPEIE 3aBHCAT OT THX HATIONLHEIX MOMEHTOB.
A satem Spina pemera ofpaTHas NTEKTPOONTHHCCKAT 3a1a44
[ MPOM3IBOAHBIX AMNOALHEIX MOMEHTOB 1o Koflebarespb-
HEIM KOOpIMHATAM. HavansHeie 3Ha9€HEA 3NEKTPOONTHYE-
CKHAX AAPAMETPOB H 3HAYWECHHA MEKTPOONTHYECKHX MApaMeT-
poB Tocne pewieHis oGpaTHOR 3neKTpLONTHIECKOH 3afadn
1A MONEeKYNis! GEH3OHHTPHAA MpUBEAeHH B TabnHue 3.

Ha OCHOBE NONYYEHHBIX 3JICKTPOONTHYECKHX NapaMeT-
pos Gbin moctpoen Teoperwieckuit HK-crextp Monexysmst
GesoHHTpHNA. Ha prC.3 NPHBEICHB! SKCTICPHMEHTARBHEIN H
NOMy4eHHBHA HaMB TEOPETHYECKED CTICKTpH MONEKys: SeH-
30HATPHNA., CpaBHCHAE CNICKTPANEHEIX KPHBEIX TIOKA3LIBAET,
4T0 MNEKTPOONTHICCKHE MAPaMeTPH OfpefleIeN ¢ AOCTa-
ToyHoN TouHOCTEIO. Ui YCTAHOBNERH MPUPOAK MONOC Mo~
raomenys HK-cniexrpa MoAeKyNbl 6eH30HATPHAA HaMH Oniia
OpOAHANAIMPOBAHA 3ABUCHMOCTh TEOPETHUECKHX HHTEHCHB-
HOCTEH OT HIKTPOONITHYECKHX NapaMeTpoR (cM. Tab. 4).

B EuzkodacToTRON ofmacri (300-1000 o'y 3a mekmo-
Y¢HHEM [ONIOC MOTVIOIEHNA ¢ HactotaMn 430, 673, 789 oM™
BCC OCTRILHME TOMOCH [TOTAOMEHHA HPOABIAIOTCA 3a CYET
OHMONBHEIX MOMEHTOB CTPYKTYpHOro anementa C-C=N m
CH cpaeii. KpoMe 31010, B 21X KoneGaHHAx b pazHOH cTe-
MENH NPHHIMAIOT Y4aCTHC NPOHIBOMHLIC THX AMTOMBHEIX
MOMEHTOB 10 KonefaTeAbHEIM KoopaHHATaM. MHTencHBHO-
CTH MOJOC MOTAOTIEHNR 462 1 999 oM™ B ocHOBHOM Onpene-
NAIOTCA AUNOMLHRIMY MOMENTAMY BCeX CEmell W mx mpowus-
BOAHBIMU 110 KONeOaTENLHLIM KOOPHAHEATAM,

O6nacTs 1000-1600 cM™' . B 3t0M HHTepBaie Habrionae-
MbI€ NONOCK nornomerus 1069, 1188,1269,1502 1 1621 cm™
2ARMCAT OT OHMIONEHBIX MoMeuTOR Beex C-H cBa3eil, 3a He-
KmodeHseM cB3H Cq—Hip , H OT NPOH3BOOHBIX JHMNOABHEIX
MOMEHTOB 3THX ¢BA3IGH MO YITIOBhIM KoNeOATeNBHLM KOOD-
OHHATAM, a TAKKE OT IPOMIBOAHBIX NHIOABHLIX MOMEETOB
CTPYKTYpHOTO WieMeHTa C-CeN No YII0BHM KOOPAHHATAM.

B 3710# H HH3KOYACTOTHON OGNACTAX CNEKTPa HHTEHCHE-
HOCTH MOA0C NOoThomedns, Halmomaemeie npu 430, 673,
1083, 1146, 1293, 1327, 1448 1 1606 v’ 3aencar or mu-
TIOMBHBIX MOMEHTOR ROMAPHLIX ceadeli Tuma CpHip B ot uxX
RPOHIBOAHKX 10 YIJIOBLIM KONe0aTeAbHLIM KOOPMITHATAM.

B BricoxkouacToTHON 06/1aCTH HHTEHCHPHOCTH HONOCH
nornonteria 2228 ¢M” He 2ABHCHT OT MMIONBHBIX MOMEHTOB
MONAPHLIX CBA3el, 3 OMpenenaeTcd NPOMIBONHEIMH THTIO/NL-
HOTC MOMEHTA CTPYKTYPHOTO 3meMerTa C-C=N [0 YrIoBRIM
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Tabnria 4. HacTorel H AHTeHCHBHOCTH HE-cnexTpa Monekynil GeH30HETPHIA M 3ABHCUMOCTE HHTEHCHBHOCTH OT YIEKTHOOITTHYCC KUY

TIapaMeTpoB
' Bxnaa B TlpoAaBOoHEIE K,
Varcn, Toxea. I“"f" H Jun. vomenTs @T:’Iggj M!:):I. no KoR. koop
383 34 3838 | 0.263 | 4y 0.421 B3/ 344
0.142 | pg, tigsphs 122
0128 | a4y 0.421 12/ Bgy
0123 | 4,
428 39 416 [ 0217 | 4, -0.452 Bt/ Bazs
~1I96 | 4ia -0.108 Bitg/ L1
a66 | 28 | 326 | - D61 | Gy
-0.161 B3/ 81
-0.097 Gldys/ Yy
-0.097 Sitzr
544 12.1 1093 | 0.698 | uy pro, ttrz, 1012 A.339 7/ O4q
0179 {4
0131 | uy5 -(.339 Bitr3/ A4
-0.054 | u,,
675 0.45 033 [ -0.104 | u,y 0.087 Bito/ Betzo
686 | 198 | 1931 | 0998 | gy s ity | 0127 | Gtr/Bag
: 0321 | p,,
0.091 | u, 0.127 Bty 5/ Bl
754 229 2035 1.02 Mo Haritin, fhi2 0.215 Bta/ Peae
0.467 Hio
<0.143 | p; 0.215 A1/ B
0.055 | 4.,
785 | 120 | 155 | 0138 | gg o ttiz e | OB | Btp/ Bty
.0.159 LT
0.126 =/ Bza
0.126 | Fas/ds
-0.119 St s/ Bz
0.119 Gtr/ A
923 - 5.5 499 [ -0.902 | up pro, phis, pra -0.088 by TR0 g o P
0.455 | pyo
0.059 | 4, 0.088 AUty /B
1009 1.56 0.62 0.596 | w0 -
=0.560 | He fio, 1y, 152
1023 | 54 | 486 | 0521 | g tsrstrs this | 0521 | Gte/ B
-0.494 Etg/ B2y
-0‘203 &'7/&:21
-0.103 7/ B1s
0,103 Bty /804
1069 05 0.003 | ~0.52¢ Ho foslhiy rlts2 0.507 Bt/ Ptz
0.342 Bus/ Bz
0.232 Bttt Bty
0.216 Hpas Bepy
0,138 i/ Aq1e
-0.138 e
1092 39 568 | -0498 | uo po,phrasbira 1.2%4 Sitg/ Apa
0267 | pzs 0.726 utas B
0.068 | =0.303 Btg/ B0
1155 1.45 107 | 0.630 | g tro, ttys, iz 0.133 o/ ey
0629 | 4,
1178 | 38 | 468 | - 0957 | BuerBazs
0952 | au/tg
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HCCIEJOBAHUE YACTOT HOPMAJIBHBIX KOMEBARHA H MHTEHCHABHOCT. Elf DOAOC MOTAOWEHEA HK-CTIEKTPA ...

Tipoaomxenne TabamuiL! 4,

1276 ;21 | 031 | -0.670 | pype,pts gy | O793 | Guy/Bpss
_ A : g%g; Butz/ s
- s/ Rdro

0.247 Chr/ P
-0.231 g/ Ay
1286 0.5 0.61 -0.114 Mo Harldiy iz 0.304 Spugs Rizs
-0.230 Gy 8qy

- 0.096 Glte/ Nz0
1334 0.4 0.1%9 | =098 | u4yp -0.278 Autg/ Koo

0162 | ug,pis,tdr1sthr2

0.147 Bug/ By
0.050 Gug/ A3

1446 | 182 | 1717 | 0.597 | py, 2338 | Bue/Bes

0483 | uy o, by rmi_';_; 0.726 s/ B

| -0.274 Bitg/ Aao
1495 | 17.1 189 [ 1310 | st pto,tirs, gtz | 2:020 Bital A
0.855 Bit+/ Bn

3 -0.545 Gitg/ By
N 0217 | du/éy
L‘ : f ' -0.120 Cltz/ A5 sy Ty
. : «0.120 ity 3/ 10
1600 | 15 | 0.1086 | 0.18% | sz, 20489 e/ Odas
0119 | 0347 | qupsog,

T618 | 08 | 054 | 0173 | o sortissttiy | 0762 | Bun/Bgsy
1 0.349 Bir/ By

0316 iz

0316 | B/ &
0.189 | GHs/Oqs

0.158 K- 14 ﬁq_m
A -3.150 b= T =
§. . .
e . B =117 Guys/ 87
: -0.117 St/ gy i..
2228 12.3 . 10.6 - I -0.404 &7/&]43 sl o
' -0.404 Gty 2/ Rz Cl
0.283 3/ A7
0283 Gutr/ By
0.091 Sur/ S
0070 13/ B9
3057 0.10 003 | - : 0.071 B/ a3
0.062 Ba/ B
: ‘| -0.060 Sitg/ 80
3059 0.7 0.58 - : «0.396 s/ e
3062 | 3.2 466 | -« C- | -1.280 i/ A,
. -0.146 Sty / Az s
B : 0.128 Sua/ By
3064 14.2 129 - : -1.807 o T v
0.263 83/ 8
| | o086 | au/ag,
3071 2.01 245 - _ 0619 P T =
0.126 Sty /&3,

13



e

i nw b
PREGUERCT - Gt *

1000 u0e

000

Puc.3. Teopermieckit (BBEpXy) H SKCNEPUMEHTATLHEIH CIEKTPEL MOMIEKY Jik! GEHIOHHTPHIIA

xonefaTeNLHEM KOOPIMHATAM. Hﬂreucmnocn tosgoc no-
romenus 3057, 3059, 3062, 3064 u 3072 oM 3aBuCHT OT
TIPOU3BONMEIX AMOONHOTO MoMeHTa cBasedt THma CoHs no
VINOEBM KONEGETEIbHNM KOOPTHHATAM.

Ha ocHOBE amanMia 3aBHCHMOCTH HHTSHCHBHOCTH OT
WEKTPOONTHIECKVX MApamMeTpoB monockl mormomenus HK-
CIEKTpa MOMEKYNbl SeHIOHATPHIA MOXHO PAIAenuTh Ha 4
[pyTIEL

~ 1-a4 rpynna nono¢ norIomenns, HabmonaeMas B HH3KO-
yacTOTHOH OONAcTH, OTPeRenaetc JMNONLHEIMH MOMEHTA-
MM BCEX HOMMPHEIX CBi#3eHl W NMPOM3BOAHBIMM JRHNONBHBIX
MOMENTOB MO YTIOBRIM KoNeOaTeJBHEIM KOOPIHHATAM
CTpyKTYpHOTO dneMerTa C-C=N.

2-a% W 3-b¥ IPYMIE], KAK BHIILE YXKC 5]:].110 OTMETCHO, B
OCHOBHOM HAXORHTCA B 06nact 1000-1650 o™

4-an SPYIUI 00A0C NOTAOLICHAA Haﬁmonamx B obmacti
2000-2100 cM' ¥ HX HETCHCHBHOCTS HE 3ABHCHT OT AMTIONG-
HBX MOMeHTOB noaaphbx cessefi CON u CH, a onpenenser-

¢4 NpOH3BOAHBIMM AMIIOVIBABIX MOMEHTOB JTHX ¢Ba3cH Tio
kouneGaTeMbHEIM KOODAMHATAM,

B pe3ynbTaTe TeopeTHdeckore McchenopaHus Gsuro yc-
TaHOBJMGHO, YTO MONOCH nornomieHus 382, 462, 544, 685,
753, 999, 3057 u 3062 oM’ monHOCTHIO HOMAPHIOBAHH. OC-
TANBHBIC TONOCH TNOMICHISHMS YACTHUHO NOJISPH3IOBAHDL.
KpoMe TOro, ¢ NOMOUILID TEOPETHYECKOTO HMCCTENOBAHAA
GBUIO YCTAHOBIIEHO, YTO WHTEHCHBHOCTD HOMNGC TIOTTIQMIEHHA
456, 844 1 491 oM™ He 3ABHCHT HE OT KAKHX JIEKTPOOINTHAC-
CKUX NAPaMETPOB, M TIO3TOMY HX HHTCHCHBHOCTb He Habmo-
pactca 8 HK-crekTpe MOseKynhl GeHIOHHIPHAA.

Takam 0Gpa3oM, HAMH [POBEACHO [NOAHOE TCOPLTHHE-
ckoe Hconenosanme HK-cextpa MoneKynmni GeH3OHHTPWIA
BIUTOTh AO TOCTPOCHMA TEOPETHIECKON KpHBOH CNEKTpask-
HOTO pachpenesieHns ko>QpuiiHeHTa NOrNOIMERNA, ClenaHa
NOMHAA HItEPAPeTALRA CNIEKTPa, YCTAHOBNISHA MPHEPOIA Ka-
®IOK MONOCH MOTIOMENARS, HAllleHE CHMOBLIE W IeKTPO-
ONTUNECKHE [I3PAMETphl, ONMCLIBAIOLINEG KONEOATENbHBLA
CHEKTD MOJTEXY L,

(1] M.B. Bonoxewwmeiin, J1.A. Ipubos, M.A. Ennsuteauy,
E. M Cmenanos. Kone6anun Monexyn. M,, Hayxa, 1972,

[2] JI.A.Fpubos Beenerue B MONEKYNAPHYIO CHEKTPOCKO-
muo. M., Hayka, 1976.

(31 JILAFpubos, B.A. Jemermbes. MeTOIN ANTOPHTMBI Bhl-
YHCIEHHN B TEOPHH KOMe0aTeNTBHEIX CNCKTPOB MOME-
xyn. M., Hayxka, 1981,
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[4] J1A.Ipubos, B.4.demenmoes. Monemmposanne koneba-
TeJlbHLIX COEKTPOB CNOKHBX COeAuAcHnd Ha DBM.
Mockpa. Hayka, 1989,

[5]1 J1A. I'putos Light Elucidation of Vibrations. Omica-

HHe TPOrPaMMEI M HHCTPYKUMS momssosatemo. OO0

"Uunan”, 1995,

The Saddler standard spectra infrared grating spectra

Philadelphia: Saddler research laboratories, 1978.
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HHME HACTOT HOPMAJLHLIX KOJEEAIINIT 1 MHTEHCHBH: JIOC IOTIOMEHNA HK-COEKTFA ...
Z 1. Haciyev, S.D. Demiihsmmoadova

BENZONITRIL MOLEKULUNUN 1Q SPEKTRININ UDMA ZOLAQLARININ NORMAL ROQSLIRININ
- TEZLIK vO INTENSIVLIYININ ToDQ1Qi

Benzonitril molekulunun 1Q-udma spektri nezori rogs spektri ve kvant kimyas: metodian ile tedqiq olunmugdur. Benzonitril
molekulunun normal reqslerinin tezliklari ve intensivliyi hesablanmig ve roqsin formasina ve potensial encrjisinin regs koordinatla-
rna gora paylanmasina asasan molekulun raqs spektrinin nezari interpretasiyas verilmisdir. Molekulun 1Q-udma speltri nezeri qu-
rulmusdur. Benzonitril molekulunun tecriibi 1Q-udma spektrine uygun clektrooptik parametslor ve giivva sabitleri toplusu tapi-
magdir.

Z.1. Hadjiyev, C.D. Demukhamedova

THE INVESTIGATION OF THE NORMAL OSCILLATIONS FREQUENCIES AND IR ABSORPTION
SPECTRUM INTENSITY OF THE BENZONITRILE MOLECULE.

IR-2bsorption spectrum of the benzonitrile molecule were investigated by the methods of theoretical vibratory spectroscopy and quantum
chemistry. The frequencies and intensity of normal oscillations are observed. Theorctical interpretation of the vibration spectrum of the ben-
zonitrile molecule is made on the base of the obtained forms of normal oscillations and energy distribution on vibratory coordinates. The
theoretical curve of the spectrat distribution of an sbsorption coefficient is constructed. The set of the force constants and electrooptic pa-
rameters described the experimental [R-spectrum of the benzonitrile molecule is obtained.

Hama nocmyrnenun: 03.11.00 Pedaxmop: M.K. Kepumow
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BJIMAHUE YJEKTPO3POIHOHHON OFPAFOTKH HA MAPAMETPBI KOHTAKTOB
Ni/6H-SiC -

0.A. ATEEB, H A, KOBAJIEB, AM. BACWIEHKO
Tacaupoeckuti locydapemeennetti Paduomexnuveckuti Yuusepcumem
347928, Tazanpoz I'CII-174, nep. Hexpacoscxuii, 44

3.K. 'YCEHHOB, C.A. HCMAHJIOBA
Hucmumym Qomosnexmponuxu AH Asepbatioxcana

370141, Baxy, @. Azacea xg. 555

Hecnenopatil a1ekTpHYECKHe XaPAKTEPHCTHRM HHKEIEBEX KOHTAKTOB & KPHCTANaM KapOHaa KpeMHHA, MOIBCPTHYTAIM NICKTPOIPOIH-
ouMol obpabotke. TTokazano, yTo B pesymtare 330 konraxThl [Llorrkn Ni-SiC tpaHcdopMHpyIoTes B OMHTIECKHE.

Kapfun xpeMuis TRISeTcd ONRHM M3 Ha#ODoNee nepernek-
THBHKIX MATEPHANOR AMA MITOTOBNEHHA 3INEKTPOHHBIX NpPU-
Oopos Gmaromaps CBOMM YHEXaNbHHIM 3MEKTPOPHIHIECKHM
cBocTBaM (!]. TexHoROrAA M3TGTORNCHNA Npabopos na S5iC
B NOCAEOHME Fose HHTEHCHEHO passusaetca [2], ommako
ONHOH u3 Haubosice axTyalbHbIX MpoGneM [o-OPERHEMY
OCTAETCS M3[OTOBNEHHE OMHMAeCKHX koHTakToB K SiC. Ilpn
H3IrQTOBJACHHH OMHEMECKHX KOHTAKTOB IIPHMCHANT CACKHEIC
MHOCOCTYTIEHIATHE TEXHOMOIHH O9HCTKH NOBepXHocTH SiC
INA CHHACHHA TNQTHOCTH HOBEPXHOCTHRIX COCTOAHNE H yCT-
PaHCHEA TIPOMCKYTOMHOTO CNOA Ha TpaHHLE pasicia Me-
Tam-5iC [3],

C mpyroii CTOPOHE, CYIIECTBYIOT METOIM INSKTPOIPOIH-
oHHOE ofpaborkn (320) [4] noBepXHOCTH NONYOPOBOAHE-
KOBLIX MATEPHANOB, NPH KOTOPHIX MPCHCXOIAT TaKHE ITPO-
UECCH, KAk YRadCHHE MOBEPXHOCTHOIQ CIIOA MAaTepHana,
dopMApoBante pazbuTOre peibeda NOBSPXHOCTH, 4 TaKke
JOCTATOTHO CROWHEIE H ¢nabo A3ydeHHRle anekTpodusayec-
KHe TPOUECCH, CRANAHHLIE ¢ MOBEPXHOCTHEIM ¥ O0BbeMHbIM
NpodoenM, HACBILECHHEM TPHIOBEPXHOCTHOTO oS MpOdyk-
TaMU 3pO3HH (YIMepolaMi, TNAakaMe) # JacTHYHEIM pacnia-
BOM TIOBEPXHOCTY, 4 Takke ¢ BOIMOXKHBEIM BHeceHneM nedex-
TOB JOHOPHOT0 HIIH akLenTopEOro Tana [3].

B 370ii CRE3U NPEACTARNAET WHTEPEC MIyUEHHe EKTPO-
IBNIecKIX TApaMeTpoB KOHTAXTOR k ToRepXHocTH SiC,
NoAREpruyToit 330,

B paforte wecnenosanock RIEAHKE O30 Ha 3MEKTpodH-
IFTECKUE MAPAMETDE! MPaHiEl paiaena SiC-Ni.

Hcenegosamick Jlenn obpasuel 6H-SiC n-THII2 IpoBOIR-
MocTE (p=4 OM-cm), Tonmurod 350 MxM. KpeMHuesas rpask
OKHCITHNACH 10 TONMUMHEI okHcaa 30 AM, B METoAOM (HOTONH-
TOrpajay B OKMCNE CO3NABANHCH OKEA IHomaasio 0,26x0,02 oM.
C nomomexo 230 B HEKOTOPLIX OKHAX CO3AABATNCH MOBEPX-
HOCTHHE HAPYMEHHA KPHCTAIUIHYECKON cTpvkTYpel SiC.
3areM, TyTeM BAaKYYMROTO PE3HCTHBHOIO HambuieHd Ni
(d=100 HM), cO3DABANKCE KOHTAKTHI KO BCEM CKPLITBIM OK-
HaM, a TAloKe KOHTAKT K 00paTHOH rpany ofpasua (pHe.1).

Hecneporamdch BAX Kak IMAHAPHEX KOHTAKTOBR K HENMO-
BPEXICHHON NOBEpXHOCTH (T03.1, puc.l), Tak # Moxay ob-
paloTaHAMM H HETOBPEKICHHMM KOHTakTamy (103.2,pHe.1).
Momive 3TOrO Hochemosamuce BAX cIpyKTyph MexIy
HIDKHHM KOHTAXTOM H KOHTAKTOM K ofpaboTaumol A Heno-
BpeiAeHHONK noBepxHOCTH (N03.3 K no3.4, pHe.l, cooTBeTCT-
BEHHO).

|
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Puc. 1. CTpyKTYp2 KOHTAKTHOH CHMCTEME).

Tpu uamepennn BAX neobpaboTaHHBIX KOHTaKTOB, Kax
ana mos.l (pHc.2,a), Tax o A mos.3 (pumc.2,6) npu obemx
TOMIPHOCTAX CMEIeHHA HabmoNaIoTCA 3ABMCHMOCTH, Xapak-
TEpHEIE AN ofparHbix Tokos Hapbepos LllorTiE [6].970 C1a-
HOBHTCS NOHATHLIM, echi ydecTs, 410 paboTa suxoma Ni
(4,50 3B} 6onsme paboTh Bhixoza 3 SiC (4,25 3B) u, cne-
IOBATENLHO, ACCIeflyeMble ofpalikl NMpeacTaBdoT cololt
JBa BCTPEYHOBIUMIOUEHHBIX Oapbhepa LLloTTKH, mpruem npH
TUTAHAPHEIX M3MEPEeHUsX 3TH Saphephl NMPaKTHHECKH HASH-
THYHEL, 2 NPH KIMEPEHHAX 0 M03.3 MOJIMKMTENER0E CMelle-
HUE cOOTBeTCTBYET 06paTHOMY ToKY Gaphepa LIOTTKH Mex Iy
HHKEeM H YTAepomHo# rpausio SiC,a ompriztensuoe — me-
*Ay Ni 0 xpemuHesoit rpassio SiC.

Ec/iH y9€CTE, 9T0 HIMPHHA 3anpelieHroN 3005 SiC Muoro
fomsme BuicoTsl Oapsepa LIoTTKH, TO BKNANOM reHepamyoH-
HO-peKOMOHBANHOHHLIX TOKOB B O0paTHLN TOK TM0da MOX-
RO npeHedpeds, ¥ Toraa odpaTHeil Tok gHoaa LloTTku, oby-
CNOBACHHBIH TOKOM 3MHCCHH 4eped (apbep, MOXHO, COrfac-
Ho [6], 3anncats B BALE:
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Pyc.2. BAX neobpaGoTaHHEIX KOHTAKTOB: 4} IPH H3MEPEHMH No {03, 1; 6) Np# HIvepeHuy no noa.3.

Orciofg, NEpecTporB NOMyHeHHbIe [padHKH B COOTBETCT-
BYIOWMX KOODAMHATAX, H, HCIIOTbIYA MaIbie SHAYCHHA CMe-
IMEHEH, TO3BGIMONINE HCKIKYHTh BKNaJ NPAMOTO TOKA
BCTPEHHOBKITIQUEHHOTO AHOAR, MOKHO OTMPEASIHTE BHICOTY
TIOTEHUHANEHOTO Gaphepa ¢, AT KaKAOTO H3 pACCMATPHBAC-
Mex groaes UlotTki,

[IposeacHHBIC paCHeThl OKA3LIBAIOT, ITO BHICOTA HOTEH-
unansrore Sapkepa ot mengry Ni ¥ xpemuresoll rpa-
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mbio SiC coctapaser 1,04 3B, a mns xoHTaxkTa Ni-yrRepomas
rpaub SiC - (,78 3B. BospacTanue Toka Ha gBa MOPAAKA IpH
nepexofe ot nos. 1 (puc.2,a) k moa.3 (puc.2,5), no-plapmo-
MY, CBA3AHO ¢ GoJBINOH MNOWAEI0 HIKHETO KOHTAKTA,

Pesynpratel MaMeperna BAX memnay ofpaGoTaunsiM 1
HeNoBpekAeHHEIM KOHTAKTOM (n03.2, puc.l) W Hemoppéi-
AEHHEIM KOHTAKTOM H BWKHEH rpadnio (nes.d, pac.l) moka-
32HE HA pHC.3,a H pUC.3,6, COOTBETCTREHHO.

-2 1,8

.8
B)

Puc. 3. BAX 00paGoTagHON0 XOUTAKTA: 8) TIPH MIMEPSHHH N0 1103.2; §) MPH MIMEPEHWH N0 No3.4.

Kak BHIHO H3 CDAaBHEHHA PHC.2 M PHAC.3, TOKM Hepe3 of-
pazeti B pesysisTate 330 yBENHUHBAIOTCA Ha JABa MOPAIKA.

Kpome 1or0o, BAX CTAHOBHTCHA acCHMMETPHYHOA OTHOCHTEIE~
HO TIOJIAPHOCTH CMCILEHHA H MMEET NMOAHBIA BHI, 470 04Ye-
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BHIHO CBA3HO ¢ HCYEIHOBEeHHEM WM CHIbHBIM CHIDKCHHEM
BLICOTH Gaprepa LlloTTkH Ha ofpaboTaHHOM KoHTakTe. Bui-
¢OTa TOTEHIMANRHOTO Gapbepa, ONPEACICHHAA MyTEM Haxo-
sKIEHHA TOKA HACHIIERMA M AanpHeMIHX BLUYNCHICHHI 10

. hopmyne:
-
-1:{AJT} R
q s

oxasanack pasHofi 1,05 3B 2nd KpeMRHEBOH IPAHH H 0,79 3B
AnA yriepoanolt rpari, 4To AOCTATOWHO XOPOWWO COrnacyeT-
¢A ¢ pe3yNLTaTaMHK, MOMYYCHHBLIMH PaHee W3 0fpaTHbIX BET-
peit BAX (puc.2).

Momydesntsie pe3yIETATE NO3BONAIOT CAENAATE BHBOL, 410
B peaynprate D30 kpemuuenolt rpaku SiC cozmaroTes ycno-
BHA ANA TIONYy4EHHd OMHYECKOro KOHTAKTA 2TOM FpaHn ¢ Ni,
Y10, MO-BHAHMOMY, 0BYCNOBIEHO CO3TAHHEM HA MOBEPXHO-
cra SiC NOBpeRNEHHOTO CNOA C HADYIMIEHHEIMH CBAIAMH
8i-C, obnazalonero NoHWkeHHOA paboToil BRIX0AA.
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" FQ3BOJTUT CHH3HTE BEICOKOYACTOTHBIE WTYMBI HCCAEIYCMBIX

KOHTAKTOB 6¢3 MPUMEHEH s TEXHOROTHH MHOTOCTYTICHaTOR
06paboTkn H BxXHranus Ni.

Antops! Graronapat npod. I.A. Cederosa 3a NORE3HbC
JIMCKYCCHI TIO PE3YNLTATAM 3KCTIEPAMERTOB M Acuehta A M.
CpeT/IHUHOrO 32 IpenocTaBneHnbie 00pasusl 6H-SiC.

{1] B.B.JIywununFO.M Taupos. Vpectus BY3os, Jnek-
Tpounka, 1997, Ne 1, ¢.10.

(2] B.B. Jlyuunun, A.B. Kopanxos. TletepOyprckuit kypaan
anexTpOHuKY, 1999, Ne 3, ¢. 2G.

(3] M.J Bozack Phys. Stat. Sol. 1997, (b} 202, p.549.

(4] JA.Cevenos, AM Ceempuunniii, AT 3axapos. Uspec-
s BY3o0s, [pubopoctpoenne, 1972, t.XV, c. 1 18.

[5]1 B.A. Kaparunocs. XT®, 1998, T1.68, Ne 7, ¢, 133,

(6] C.3u duimxa noxynpoROAHUKOBRMIX IpHBOpOB, KH. I,
nepen. ¢ anrn., M., Mup, 1984, ¢.456.

0.A. Ageyey, N.A. Kovalyoy, A.M. Vasilenko, E.K. Hiiseynov, S.A. ismaylova

Ni/6H-SiC KONTAKTLARI PARAMETRLORING FLEKTROFROZIYA ISLONMOSININ To'SIRL

Elekiroeroziva islanmasine me'ruz galmus sifisium karbid kristallannm nikel kontaktlarmin elekirik xarakteristikalan tedqiq
edilmisdir. Gosterilmisdir ki, EEl neticesinde Nif6H-5iC Sottki kontakilar omik kontaktlara gevrilitler.

O.A. Ageev, N.A. Kovalyov, A M. Vasilenko, E.K. Husseynov, S.A. Ismailova

INFLUENCE OF ELECTRO-EROSION TREATMENT ON THE Ni/6H-SiC CONTACT PARAMETERS

Influence of ¢lectro-erosion treatment on the volt-ampere characteristics of Ni-SiC contacts was investigated, It was shown, that electro-

erosion resuiting Shottky contacts Ni-SiC transform in ohmic ones.
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KPUTEPHH M METOJAYECKHE PEXNEHHA ITPH CO3JAHUM
MHOT'OKOMITOHEHTHOI'O JIASEPHOTI'O AHAJIM3ATOPA F'A300EBPA3HBIX
SAIPSI3BHEHUN

" O.MJABAPAIIBUWIM, M.H.EHYKANIBILIH, H.ILKEKEJIWI3E, M.P.MEITXBAPULIBHUIN

Tounuccruii ocyoapcmeenrvili Ynueepcumem
Tpysun, 380028, 2. T6unucu, np. Yaguasaose, |

E.B. CTEIIAHOB, A.H. XYCHYTAHHOB
Hucmumym Obweti Qusuxku PAH
Poceus, 117, Mockesa, yn. Basurosa, 38

B.A. AJIHEB
Hucmumym Qusuxu AH Aszepbaiiosicana
370143, baxy, np. I Jacasuda, 33

B paGoTe dopMupyloTcs RpUTEpHH ANS BUGOPE CTIEKTPARLELIX YYACTKOD A4 JETEKTHPOBAHMA MONERYT, 8 TAKKE CBOMHCTE fazepos,
OCOOCHHOCTCH KOHCTPYKLHK H METONHKH H3MENEHWE. B KauecTRE TIPHMEPOB PACCMATPUBALTCS MOHOOKHCE YIMIEpONA, aMMUAK, M&TAH H

ITHACH.

JlerkocTe MEKIPOHHOrO YNpaBNeHHA HacToToN reHepa-
MK MONYNPOBOARHKOBEIX Na3ePOB, WIH, BHPAXKAACH NPHHA-

- toff B 3toff obnacri TepMuHonornelt "lepecTpamBasMbix

mxoARerx nazepos” ([117T), H WiHpokHil crekTpaibHLIA Aua-
Na30H, MepeKpbiBaeMblll nalepaMi >TOT0 THMNA, ARMSIOTCA
OIHMMH H3 OCHOBHEIX (akTOpOB PA3BHTHS TaKOFO TIPHKRAS-
HOI'0 HAMDABIEHNS, KaK BRICOKOWYBCTBUTENBHEIA razoaHanu:
¢ romoutsiy ITJUT [¥-3]). B mMoHMTOpHHTE ra3zooGpaiHbix Be-
IIECTR JHQOAHBIE Na3ephl JAHEMAIT "IKONOTHISCKYO HWIY",
CBA32HHEYIO ¢ ORICTPRIM AMAIN3OM JOCTATOYHO [POCThIX H
JETKUX MOACKYN B PAdIMYHBIX TAI0BBIX CMECAX (B arMocde-
P€. B BRIAOXE MEIOBEKA H T, A1), [AC APYTHE METOAM HE MOTYT
KOHKYPHPOBATE MO COBOKYITHOCTH NAapaMeTpos ASTEKTHPO-
BAHHA, [MABHLIE H3 KOTOPHIX - YYBCTBHTENLHOCTD, CeNIeKTHR-
HOCTL M CKOPOCTS PErHCTPALIUM.

Bricokas KkoHUeHTpaRHOHHAA wyBCTBMTEeNbHOCTH [LIIJI
ofecreyHBaeTCA HECKONMBKHMH GaxropamH. Bo-mepBelX, 22
CYET BLICOKOL! CreKTpanbHOR SPKOCTH NA3ePHOro H3TYyUeHHS,
Bo-Brophix, Grarofaps BosMoxHoCTM Brifopa yaobHoro
AHAMATHMECKOTO CNEKTPANLHOTC AWanaloHa HINy9eHus (B
npenenax o1 0.7 1o 40 MKM) ¢ MAKCHMANBHBIM MOTTOIEHH-
eM ero UcchedyeMbM BEIECTBOM. B TpeThHUX, BOIMOXHO-
CThHO ORICTPOH MOAYTALHNA 9aCTOTH TEHEPALMY JIA3EPA INEK-
TPOHHBIMH METOJaMH.

CoMeTanHe MOHOXPOMATHYHOCTH JAICPHOTG HINYYEHHA ¢
HEMPEPHEHOH KOHTpoaupyeMoH mepecTpolikoll 4acToThl B
AOCTATOHHO WIHPOKOM CMEKTPAIbHOM AHANA3IONE JaeT BO3-
MOXHOCT, PETHCTPHPOBATL TOHKYIO KoaebaTensHO-Bpalma-
TENBHYIO CTPYKTYPY B CNEKIpax MornolleHna MoNeKys ¢ pa3-
PeLIEHHEM, OTPAHHUEHHbLIM CTONKHOBITENLHEIM YITHPEHREM
auHul, TaxiM o6paloM, MOCTHraeTCA BLICOKAN CEREKTHB-
HOCThL MA30ROI0 aHAIN3E, BAKHAA AN HCCNeN0BaHna raloBsixX
cumeceii.

BOJLIMHCTBO 32824 razosHanusa 1pefyeT OQHOBpeMeH-
Holi perWcTpaiMR HeckonbkWX rajoe. Ilosromy smnaerca
BECbMA BKTYAIbHEIM CO3JAHHE MHOIMOKOMIOMEHTHBIX [A30-
ananuzaTopoB Ha ocrose [TJIJT - HHTerpauua B oOHOM NpH-
fope HECXOABKNX CNEKTPANLHMX KAHATOB, B KOTOPBIX HC-

RONL3YIOTCA OTIOENEHBIE Na3ePE], HACTPOCHHBIE HA PETHCTDA-
UMI0 OZHOTO-ABYX (8305, Bhiepbrle MHOTOKOMNOHEHTHBIC
fiasepbie ra30aHANU3ATOPEI TPACCOROTO H KIOBETHOT() BAPH-
auToB BbLH NpeanokeHsl U palpaboransr B pabotax [4-6],

B HacTosmeii pabore dopmupyloTes kpHTepHH ¥ BLGopy
CICKTPANBHRIX YYaCTKOB IR AETEKTHPOBAHHUA MONEKYN, K
cBoOliCTBAM Na3epor, 0COGSHAOCTAM KOHCTPYKUWH B METOAM-
KH H3MEpeHHH. B Ka4ecTre NpuMepoE PacCMATPHBAIOTCH MO-
HOOKHCH yryiepoda (CO), ammurax (NH;), Metad (CH,) o 31a-
nen (CoHg).

Kak m3BecTHO, ecTecTBeHHa PoHOoBaA koHUEenTpaus CO
& armocepe coctapager ~130-150 ppb n oSycnosninsaercs
hoToxuMuYecKHMM NpoLieceaMH B aTMocdepe, meraGonus-
MOM PacTeHnH H KHBOTHLIX, 3 TAKGKE MOYBEHHMX GaxTepHit,
3a cueT aHTPORMOTHHHIK HCTOYHMKOB, CBAJAHHBIX B OCHOB-
HOM C MpoueccaMi FopeHnrd, comepxatne CO B ropoackoi
atMocdepe MMM B NPOMBIUNEHHON 30HE MONKET BApLUPO-
pathes OT 0.5 2o 20 ppm. 3uadenna cpeaHecyTOHHON npe-
nenabHO aomycteMol konueHTpauny (IIJIK) MoHookueH yr-
nepona cocraraseT 3 MM’ (2.3 ppm).

Jns nerexruporania CO B 3TOM AMAana3oHe KOHUEHTPa-
npit Geina pHIpaHa $yHOaMenTanbHaA konebGaTenbHo-Bpa-
maTeNsHAA Monoca 1-0, pacnonoxkeHnas B paitone 4.7 MKM.
Bee mannu okHCH yrmepoaa K3 P n R - seTeeit 3Tolt nonocw
CO FHAYEHHAMK KBAHTOBLIX WHCEN J 0T 2 10 |5 UMEIOT MATE-
FPAIBHYI0 HHTEHCHBHOCTE 8 [IWAMAIOHE OT ~1.6x10™"° o
~4 410 %cMmomy?, a kO3GPHLMEHT CTONKHOBHTENLHOTO
yIIMpPeHHS BOILYXOM cocTapnseT o1 0.056 xo 0.088¢m'arm™.
Takue napameTpb! 00eCNEUHBAIOT KOHUGHTPAUHOHHYIO 4YB-
CTBHTENSHOCTS K CO nyuine uem 5 ppb (6.25 Mkr/m’) B Hop-
MAIEHBIX aTMOCOEPHRIX YCaoBRAX (T=20°C, P=760 MM.pT.cM)
NPy HCMONB30BAHHH ONTHYECKOro IMyTH AnHHOH 1o 200 M K
PEIH3ALHK OTHOUIEHHS CHTHANA K LIYMY B TpaKTe perucT-
panyMU ONTHYECKOr0 CHIHANG Ha yposue 5x10°, OcHOBHbIM
OTPAHMYHBAIOIHM (PAKTOPOM MPUMEHEHHA TOH HITH HHO
aanHA nornomesus CO ABageTcs AHTEpHEPEeBNAA, TO &CTh
GnM3KOE COCEACTBO HAM CAYYAHRHOE COBHANCHHE C JNHHMAMM
nornomeHna HyQ 1 CO3. Ytolsl 370 H3bexath, npeanoUte-




Hue oTageTcA AuHHAM R-peteud R(3) - R(10), pacnonoxen-
HBIM B IHANA30He BOJTHOBLIX YHCeR oT 2164 10 2184 cv™',

EcrecTaeHHEIe hoHoRME KOHUeHTpawin NHy B atMoche-
pe upeaBbyafHe manet {MeHee 100 ppt). HeTowHHKaMM ak-
TponoreHHore NH; ABMAIOTCA XHMUMECKHE NPEORpHATHR,
NpeANpHATHS A00BIMH K nepepaloTKH HeQTH W cenbekoe
xo3afcTro. TpeSyeMble YYBCTBHTENBHOCTS H AHHAMHYECKHE
AHanasoH AeTeKTHpOBaHHA aMMuaxa ofyCIOBIMBAIOTCA Be-
ARYFHON cpeanecyTouHol TIIK, cocTapnmome 40 Mxr/m’,

Ilpn emifope cmekTpaneHoll obmacTH ARA ZEeTCKTHpOBa-
HHa NH; Gmao oTaawo npeanoytenre ¢yHIAMEHTANLHOH
KonebaTensHo-ppameTensHOM ONOCE v, ¢ LEHTPOM B palt-
oHe 10.5 mxm. B 2708 monoce HaxoaRTCA NHHHH NOIIOLIE-
HHA ¢ HHTErparbHON uaTeHcHBHOCTs IO ~4x107” om moms,
K0TOpas HeobXoAHMA LA peantu3alM Tpebyemofl KoHUeH-
TpauWoHHON TYBCTBHTENBHOCTH K aMMHEaKy mopagka ! ppb
(0.76 mxi/m’), Tlonoca v; aMMnaka crTBHO HHTCpdepHpYET
¢0 CMIEKTPaMH HECKOILKHX MOMEKYJT, KOTOPEIE MOTYT COoaep-
WATBCA B FOpPORCKOH WIH TipoMblIneHHOR atmocdepe, no-
ITOMY AU PErMCTPAUMH aMMHaKa 0bino BHOpaHC HECKONBKO
MyasTameror w3 R-sereedl: aR(4), sR(4), sR(6) u sR(7),
pacrionoxernstx BEausy 1033.0 em™,1065.0 em™,1103.0 em™!
w 1122.0 oM™, cooTeercTBerHo. TIpn atMocepHoM AaBne-
HHH TOHKAA CTPYKTYP2 THX MY/ILTUILIETOR CKPHITA 3@ cYeT
CTONKHOBHTENBHONG YUIMPEHRA NMHUA nornomeHnua. [ipu
HCIIONGIOBAHWH MX I8 MIMEPSHUA KOHICHTPALHKE aMMHaKa
TIpH HOPMaNbHHX YCAOBHAX AOCTUIAETCA YYBCTBUTENLHOCTh
~ 0.5 ppb (~0.4 MXT/M®) NP YIOMAHYTHIX BLILIE TAPAMETPAX
PETHCTPAIYH.

EctecTaeHHas GOHOBaA KoHUEHTpauna merana CHy B at-
moctepe cocrasnger ~1.3 ppm. Ypoeers IIIK He ycTanos-
neH. JiAd perncTpandu €CTECTBEHHOIG YPOBHA M BapHaliy
anTponoreHHoM cocTapnsomert HeobXoANMaA YYBCTBMTEND-
HOCTh A0/KHA GhlTs Ha yposhe 50 ppb, 1. €. 0.035 mr/m’.

Hna nerekrrpoBanns CHy B TpebyeMom OHANA3OHE KOH-
ueHTpaunH Opiia apibpana dyHaaMeHTanbpHaz kKoacbaTemb-
HO-BPAWATENbHAA NMOMNOCA v, ¢ GEHTPOM BOAMIH 7.8 mMiwm.
Buriv BUGpPaHL! JHHEH ¢ JOCTATOMHO OONBLUMMH 3HAYEHMA-
MH BPaillATEIbHOTO MOMEHTA J, TaK, HTO0M HX HHTEHCHBHO-
¢TH He npephimankt Jnaderma 1077 om.? mons’!, Takwe am-
HAH, PACTIONOIKEHHBIE B PANiOHE BONHOBBIX wrcen ~1220 o™,
cme ¥ Hanfonee yZaneHsl QT JMHHA MHTCHCUBHOTO TIOTJIO-
IICHHA NapaMH BOJbI.

Srnnen C;H, Asnserca aHTPOMOTEHHLIM 3arpA3HHTENEM
arMocdiepEl, B €ro IoAsieHHe B OKkpy:kalowed cpele po-
MOXHO 32 cMeT YTeMeK Ha NPeArpHATHAX XHMHueckol n
HedrenobLIBalOMe TPOMBILACHHOCTH,  YeTaHOBAeHHAR
cpeanecytounaa FIJIK cocrasnser 3 Mr/m’. Yposeus nyscT-
BUTENBHOCTH  ONKCHIBABMOTO TAIDAHANM3ATOPA JOJBKEH
obecreqiiTh MHHHMATLHYIO oOHapyxHBAeMYI0 KOHNEHTpE-
wmo >TUReRa B aTMochepe SIrIKYIO K 30 MKTAM.

Bribop amandreMeckoil crexrpanbHolt obnacrH, onrTe-
ManbHOA mng pernctpaurs C;H, B atvocdepe, ocymects-
NANCH HA OCHOBE MOJEALHHIX PACYETOR CHEKTPa 3THACHA R
cpepneM MIK 1umanaszoHe. Jing permcTpaliiM 3TUNEHA B aTMO-
chepe Hami OsIN0 OTIAHO NPERMOYTEHHE PYHIAMEHTAILHOH
konebarenbHO-BpalIaTeNLHOH TIONOCE v, C MEHTPOM B pali-
ose 10.5 Mkm.B HTol nioMoce HAXOAATCHE THHUH NOTAOLLEHWA
€ BRICOKON MHTETPaNkHOA HHTEHCHBHOCTLIO ~1 3x10™em moms”.
BrGop KOHKPETHBIX AHAJIHTHYSCKHX JNHHHIH, KAK W B Ciyuae
¢ ammuaxom, Tpefosan ocooro BHHMAHHA B CBASH ¢ CHJIb-

#o# MHTCphepeHIHEH NONOCH V', CO CAEKTPAMM TOrNOWEHHA
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arMochepHBIX Monekyn. B cmektpanskoM palione s6amsu
9.5 MKM HCOIONB30BAHAE NPAKTHYECKH Mt000H JHHMH STHIE-
Ha €O cpenHedl MHTEHCRBHOCTLIO ~ 2x107 oM moms™ mos-
BONAIC PEanu3oBaTh TpeGyeMyo UyBCTBHTERLHOCTL. TakuM
0fpazoM, HCXeAS H3 0coBEHHOCTH aHANHTHIECKOW 34034 W
TpeGyeMbIX NapaMeTpos AETCKTHPOBAHMA, RWGHPAETCH CheK-
TPWiIbKEIK AHanA30H H paCoyas MOAOCA NOTNOMICHAA MOJe-
kKynel, TTpoBoINTCA MOASTHPOBAHHE CNCKTPOE MOTIOUICHAL
BEICOKOTO PA3pelIEHHA HCCICAYEMOH MONEKynsl B OPEANO-
naraeMoM CTICKTPaTLHOM AKANA30HE K PAAA MONEKYIN, KOTO-
PHIC MOTYT HHTEpGEPHDOBATD € HCKOMOH MONEKYJION B Bbi-
OpaHHOM CREKTpANbHOM AManasone (THnWuHO ana H,O, CO,
H paZa APYTHX MOEKY], B 3aBUCHMOCTH OT KOHKpETHOH
aHATHTHIECKOH 3anauH). Ha ocRoBanEH MOZSAHPOBAHNA BbI-
GupaloTcA 2-3 aHATHTHHNECKHX CMEKTPANLHLIX YWACTKa, HaH-
Gomee ONTHMANBHEIX AN PEHleHUA NOCTARAEHHON MUK,

Hns naiepos Ha OCHORAHHY MOJETHPOBAHHA CHEKTPOB
NOTOWEHUS HCCIERYEMOE MOTEKYbl H C YYETOM TEXHONO-
riveckux ocobeHHOCTEN GopMyTHpyIOTCA TpeGoBAHHE K WX
CREKTPAIEHBIM CBOHCTEAM, MOI{HOCTHEIM M NEPECTROSUHRIM
XapaKkTEpUMCTHKAM,

JAnA peadnzaUMKM BBICOKOMYBCTBHTEABHOTO M CEICKTHB-
HOTO AETEKTHPOBSHHA BaXKHE!: 1) y3xad IIMPHHA NUHHH re-
HepauuH AHOAHOTO JIA3EDA, KOTOpad AOMNHA COCTARIATEL He
Gonee 107 cM™, uTOBH ¢ MEHHMANLHEIME HCKaKEHIAME pe-
I'YCTPHPOBATE AMILTHTYAY M GOpMYy MR NorfomeHAs He-
cnenyeMol MOeky L, 2) MpoTakeHHas HeNMpepsIBHas H OA-
HOMOM0BAA MepecTpoiika YacTeTH reHepauny, 3) AMHTENL-
HOCTh MOJ AONKHA COCTABMINTE 3-5 ¢M™, uTo obycnomIeHo
HEOOXOAUMOCTEIO PErUCTpallan ocofeHRocTel nornoteHns
B KPUILAX YIDHPEHHHIX NABREHNEM NUHANK M yYeTa norac-
IeHHA B GRH3KO PACTONOMEHHHX JIHHHAX HMHTepdepupyIo-
LUKX ra30B, 4) MOIHOCTE H3MYQIEHHA B OfHO# MOne AOMKRA
COCTABANTE HE MEHEE HECKONBKMX ¢OT MKBT, STO NpH HC-
TIOAB30BAHHA COBPEMEHHBIX 0XNAKIAEMEIX HOTOAETEXTOPOR
AO3BOAAET YREEHYHUTE YYRCTBHTCNBHOCT ACTCKTHPOBAHHA 38
CYET HCTIONE30BAHIA MHOMOXOKOBRIX QNTHMECKHX KIOBET,

B xauecTBe HCTOYHMKOB MOHOXPOMATHYECKOTO TIEPECTPA-
#Baemoro mo wacrote MK-mimyaenns wenonbiopanncy on-
OHHbIE Na3epPR, CO3flapaemMble Ha OCHOBE conelt cBuHua {co-
emiHeHns Tana A4B6) MeToaMH XEAkO-Pasosol [7] 1 mo-
nekyRApHO-myuero anuTakcri [8). OcHoBHEE MX XapakTe-
PHCTHKW NpUBeAeHb! B TAlIHNE,

IlpH QHKCHPOBAHHOH TeMnepaType chexTpansHad of-
JIACTh TEHEPAUBH OTACALKOTO Ja3epa 34AaeTcH XHMUMECKuM
COCTABOM COCAHHEHUA, KOTOPbL TOUHO BHIOEPXKUBASTCA NP
H3roToBeHHH ofpalua. ToHKad NepecTPOHKA YaCTOTH Jiaze-
pa M HacTpoHka Ha AHAIMTHYECKYIO JHHIIO NOTNIOMEHMA
TORO HAM HHOTO rasa NPOH3BOAMTCA 33 ¢YST NIABHOTO H3IME-
HECHUA TEMACPATYphl JA3CPHOIO KPUCTAANA M H3MCHEHUA
napaMeTpoB TOKOBOH HakadykH. IIpH HCROJBIOBAHHH HM-
NyARCHON TOKOBOH HaKaykH TAKMMH NAPAMETPaMH ABIAIOT-
CH AMINKTY 08, LANTENBHOCTE, YACTOTA NOBTOPEHHA M (op-
Ma TOKOBBIX HMIYJALCOB, 3 TAKXKe BeAWUMHA NOCTOSHHON To-
Kobol cocrasnsmomedi. 3a cyeT pazorpera nazepa npy npo-
XOXEEHHH KAXIOTO M3 HMITYJ6COB HAKAYKA Yepe3 NOoIynpo-
BOJHHKOBEIR XPHCTANA NPOHCXOIMT KYCOUHO-HENpephlBHAas
NepecTpoiika JNHHEI BONHB M3SyueHHA. JIIMHA OTHENLHBLIX
MOl reHepausM NEPEMEXAIOIUXCH 30HAMH "MOJTYaHKA",
COCTABNAET, kak npasiio, or 0.5 10 3 cm™. Braroaapa Tako-
MY CBHIMHPOBAHHIO YaCTOTH B TEHEHHE KaAOTo HMIYNbCa,
orubalowan MMIYabCa JIA3EPHOTO H3NYYEHHA CORCPIKHT
CNEKTP NpOMyckaHra uecncLyeMoll rasoso#t cmech. Tou-
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TOOUYECKHE PE CO3NAHHI
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1EHTH JAIEFHOTO A TOPA ..

Tabmuua- Ofiuye XapakTEPHCTHKH HCIOIBIYEMBIK REPECTPRUBASMEIX IMOAHLIX Naiepos Ha COMLIX CBHHLA,

HOCTh BOCHPOM3BEOCHNR CIIEKTpa IreHepallHn Jasepa |, Ta-
KMM 00pasoM, peruCTPHPYSMOrO CIEKTPa APOMYCKAHMA Oe-
TEKTHPYEMOH MONEKY/MBl, ONDPENendeTcA TOUMOCTBEY [H0A-
HEPKAHHA TEMAEPATYPbl NIAICPHOTO KPHCTALNA U HapaMer-
pOB TOKA HaKa4Kku.

Ana m3MepeHin KORUEHTPAUMH KaXADH OTIENbHOH MO-
NexyAn HCMONB3OBAICA CICLHATBHBIA Nasep, OToOpaMHeIi
N¢ ANKHE BOHM I'¢HEPalki. 38 OCHOBY ONUCHIBAEMOTC MHO-
FOKOMNOHEHTHONO aHaAWsaTapa ObLia BhICpaHa onTHYECKAA
cxeMa Teaeckona Kaccerpena, OnTHYeckan ock 3TOTO Tene-
¢kona obpazoBbiBaia THABHYIO ONTHYECKYIO OCh Ta30aHANM-
3aTopa {puc.1). A3oTHbIA 3aTHBHON KPHOCTAT, CoOmepKaLIAii
Aazepe! M ¢OTOII]JHCMHHKH, YCTAHABAMBAICA 334 FJNABHHIM
3epKAnoM Teteckens. HanyuaTensRufl M NpUeMEGI KaHATH
AHANMIATOPA GBHLTK palHeceHb! BHYTPM aHAIATOPA N0 Bbl-
COTE C NOMOMILIO NEPHCKONA. ONTHYECKRd Tpacca B OTKPhL-
Tol atMocdepe 00pa30BLIBATACE 32 CUET IPHMEHEHUS YTIoTl-
XOBOTO 0TPAXKATEN.
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Pue. 1. OnrTubeckas cxeMa MHOTOKOMIOHEHTHOTO TA0AHATHIA-
TOpa Ka ocxiose [14J1
A -~ Bal c0oxy; B - pua ceepxy. I - nuoanse naseper,
2 - oronpremunks; 3 - KPHOCTAT © HHOKAM 830TOM;
4 - cucTema TepMocTabuanzali; 5 - TYpens ¢ penep-
HEIMH KIOBETAME, 6 » KOANHMHPYIOLIHH 0GBEKTHE;
7 - nepmckom; § - rrapHOe 3¢prado Teaeckorna Kaccer-
pena; 9 — yied MeperTIoveRta MeXAY KAHARAMM,
10 - BH3HP.

Onrrieckoli cxeMofi ofecneunpanoch NpoXokacHue Ny-
4a Mepe3 TPacey M €ro BO3BPALUSHHE YIONKOBHIM OTpAKaTe-
Jiem ¢ aneprypoli ~ 60 MM. B kaHanax, uenonbayIommAx M-
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BoaMokHL crieKTpansHati NHANA30H 3-20 MxM

_ {3300-500 cm™)
TynHuuag WKPUHA THUKA reHepalmy 10" em”?
JAHANA30H NepecTpoliky YacTOTH OTAEARHON falepa 50-100 cm™
JIHana3oH HENPEPIBEON MEPCCTPONKH B MoAe 05-30emt ]
Me#moI0B0E PACCTOAHHE 1-3 oM™
Moporoesle Toxk L SR o B5-lA
-Toxkopas nepectpolika : ' < 70 o VA
CropocTE MepecTpoltki {B AMIYALCE 50-10* cm e
BLixouan MOILHOCTS (HHTEIPANLHAS) 0.3-2 mBr
Moiusocts 8 opHOH MoaE 0.1-0.5 MB1
Iuanaion palouHx TeMNeEpaTyp. 4-200 K

AYICHHE © KTHHOA BONHB 0T 7 A0 10 MKM, HCROAb3OBANHCH
¢oronpremumicn na ocrose CdHgTe ¢ pasmepom hoTouys-
CTBHTeBHON Miomtamky 1x] mm’. Jna perwcTpamve nsmy-
ueHHA B CO-xanane uenons3opancs (POTONPHEMHHK HA OC-
Hose coenuHeHns InSh ¢ mmamerpom porovypeTBATENBNOI
TUIOIIAAKH o = 2 MM,

Bufop ananuTmieckod numms nornomenms, Haubonee
nozxondmed mid perHCTPaLHE MATHIX KOHUESHTpauH# fe-
TEKTHPYEMORO BEUICCTRA, OCYLNECTRIACTCA 38 CUET RAPLHPO-
BAHMA TEMIIEP2TYPL] Ha XNaAOOOMEHHHKE KPHOCTATA H TOKA
Haxauky. HeoGxomnMile Ag KaXNOro M3 Nasepos TeMnepa-
TYPH! B KPHOCTATE YCTAHABIUBAIOTCA IPH NEPEKNIOYEHHH Ha
3AIAHHBA KaHAT W TONICIHKHBANOTCH ABTOMATHISCKH C TI0-
MOIIBI0 CHCTEMBI TEPMOKOHTPONA € TOMHOCTSIO, JIYYILEH,
4eM ~ 107 K. Tph BuIGOpe aHATHTHYECKON THHHR THIATENb-
HO H3feraioT CoOBMAACHUH O CNabbIMK THHAAMY NOT/IOWE-
HUA BOAB ¥ YTIIEKHCAOrO rasa. XapaKTepHBIC CNEKTPEI MO~
FROLIEHUA JiasepHOro M3nyders, Hanpumep CO u CO; 1a-
3aMH, NIPeCTARNEHE] Ha pHC.2,
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Puc. 2. Xapaxrepuuit Ben crexrpa npomycxanus CO nénpau
2131 eM", MOAYUEHHOTO € NOMOMIBIO NEBPECTPAUBAEMO-
ro najepd. [EpHBEACHa 1MOMHAR HACHTROHKALME PEricT-
PUPYSMBIX AHHHE BoroweHrs CO v CO; |



Jlnx paceTa KOHUCHTPALHH HCKOMOTO T'asd Ha OCHOBE
PETHCTPHPYEMBIX CIEKTPOS MPOMYCKANHA NPHMERAJICA 3AK0H
Eyrrepa. B CCOTBCTCTBMH © JTHM 3aKOHOM KOHUEHTpaIMs
rasa OHpEICAASTOR COOTHOMISHHEM

C=({1ln(Bo(V)/A(V}}/{K(V)L}] , (1}

rie A(v) - cvTHan POTONPHEMHHKE HAa 4aCTOTe WINYYCHHA
V, MpHeAHA B MOMEHT &, MPH HAIHIHH PeIOHAHCHOTO
fornomenyd rasa; A, (v} - orubalomas MMIYnsca B OTCYT-
CTBMH MOTNOWEHHA;, K(v) - K03(PHUMEHT HOTAOIEHUS Ta-
33 HA 9aCTOTE ¥, €M l; L - ANMHAa ONTHYeCKo Tpaccl.

Cuexrp H3MYYCHUA NOMYNPOBOAHHKOBOTO J1a3¢pa, Kak
MPABHAO, COCTONT M3 HECKONBKYWX OTACAbHLIX JHHHH, COOT-
BETCTBYIOIMMX TNPOZONLHEIM MOLAM €0 PE3OHATOpPA ¥ OT-
CTOANMK APYL OT APYTA HA HECKONBKD cu’'. [lns razoamanuza
BuiGHpaeTcA Nasep, y KOTOPOrO OFHA M1 MOI NpPEBANHDYeT
HAL OCTANBHBIMH H COBMAHACT TO MAHHE BOJAHBI ¢ JTMHHER
MOrNOMEHHA aHATHIUPYEMOro T23a. B sToM caydae (hopMyna
(1) Moxer GBITL MEPLNNUCARE B BHJE:

A(v)=(Ap-dAp)exp (-K(v}) C-L)+dAp, (D)

e BEAWIHAA dAg 6CTh CYMMA WHTCHCHBHOCTEH noBounLIX
Moz, Benrunna dA; aBTOMATHICCKHA ONpeengeTcd BO BpeMa
kanubposky ¢ nomolElc BCTpoeHHo# B MPHOOP KIOBETH ¢
100 % mornomeHnem. TlorpeiHocTs onpenenennd dA, He
npessimaet 5 %. g HOMOAR3YeMEIX B HAHHOH BEPCUR MPH-
Sopa nazepos BenminHa dA, He npesprmact 20 % oT nomHoH
MOLIHOCTH H3NYYEHHS, TaK uTo Aanubii >ddext mpuseser k
norpewrsHosTy okonio 1 %,

KOHIEHTPaIMOHHAA JYBCTBHTENLHOCTh AHATIHIATOPA B
KaKOOM KaHale 3ABHCHT OT P2 MapaMeTpoB, TaKMX, K2K
penmunEa k03 UIMEHTE NOTNOUWEHHA AHANHTHYeCKOH -
HYH, IHHA OMTHYECKONO MYTH B atMocdepe, YpPOBEHb MH-
HHMAILHO RETEKTHPYEMBIX H3MEHEHHH ONTHYECKOH NMAOTHO-
CTH, T. €. OTHOLIEHHEM CHTHAJYA K WIYMY CHCTEMbI PErucTpa-
une UK cursana,

UyBCTBAUTENLHOCTE CO3JAHHELX AHANHA3ATOPOB COCTARNANA
c=10%10?° (¢c=P,/Pn, P, - BaBACHHE HCKOMOIO KOMIIO-
HeHTa, P., - DaBleHHE CMecH), DricTpofeRcTEHE ~]1 MKC, a
CeNeKTMBHOCTh CIIEKTPAIBHON LUHPHHO® RHUHHE  jasepa
~10™ cm™' [4-6).

(1) A8 Buuxosa, OH. Hasapawsunu, AIL [aovxun,
M.H. Enyraweuny, HI1. Kexenudse, E.B. Cmenanos u
op. Coobmerma AH I'CCP, 1989, 1.136, Ne3, c.577,
1989.

[2] JLil Buuxosa, O.H. Hasapawsuru, M H. Exyxaueuny,
H.IT. Kexenudze, E.B. Cmenawnoe y 0p. Coobmenns AH
Mpyaun, 1991, 1.142, Net, ¢.37.

(3} L.P. Bychkova, O.f Davarashvili M. Enukashvili
N.P. Kekelidze et.al. Application analysis, TSU, 1992,
p47.

[4) O.M. Hasapaweuru. Jlokropekas apcoepraid. Mock-
Ba, 1993,

[5] O A Haaapawewsu, M.H Exyxaweunn, HII Kexenudse,
E.B.Cmenaros u 0p. Coobwenna AH Tpysan, 1998,
T.157, Nel, ¢.46.

(6] O.H Jasapausunu, E.B.Cmenanos, A A Hoxyposcxut u
ap. Tpymut [T Mexa, kondepenuny no JHoaHoH nasep-
Ho# crexTpockonwi. Mockea, 1998,

[71 O.H HQasapawmeusu, H. B. Jlemexos, A. H. Hadexcoun-
cicudi. KpanToRas snextponika,1991,7.18, Nel0, c.1710.

18) O.H Jasapaweunu, FO.I Cerusance, A.I1. [Llomos. Ma-
Tepuansl Beecoroinoro copemanua o MJIJ, Hosocu-
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0.1, Davaragvili, M.N. Enukagvili, N.P. Kekelidze, MLR. Metsxvarigvili, E. V. Stepanov, A.N. Xusnutdinov, ¥.9.9livev

QAZ TULLANTILARI UGN COXKOMPONENTLI LAZER ANALIZATORLARININ YARADILMASI
SORTLORI vO METODIK HOLL!

Mogalede tullanti qaz molekullanmn deteksiyas: figin spektral sahelorin segilmesinin lazetlorin konstruktiv xiisusiyyetleri vo
slemo iisullan ile uzlagdirimas sertiori mileyyen edilmigdir. Nilmune olaraq dam qazi, ammiak, metan ve ctilen secilmisdir,

0.1.Davarashvili, M.N.Enukishvili, N.P.Kekelidze, M.R.Metschvarishvili, E.V.Stepanov, A.N.Chusnutdinov, V.A.Aliyev

CONDITIONS AND METODICAL DECISIONS BY THE CREATION OF MULTICOMPONENT
LASER-ANALIZATORS FOR GAZ-POLLUTANTS

The paper deals with the formation of the conditions and methadic decisions of the spectral region selection for molecule detection, laser
properties, features of the measurements. As an exampie CO, NH,, CH, and CqH, gases were described.

Hama nocmyraenun; 03.07,.00

Peoarxmop. 4.0, Kodxcap
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NEGATIVE RESISTANCE OF Bi-Bi,O;-Bi STRUCTURES.

Ya.Yu. GUSEINOV
Sumgait State University
373208, Sumgail, 43 str.

Current-controlled negative resistance region were observed in the I-V characteristics of sandwiched Bi-Bi,0,-Bi structures, both at
room temperature and at liquid nitrogen temperature. At higher applied voltages, multiple negative resistance regions accompanied by oscit-
latory variattons were evident. Further increase of the external voltages seems to cause short — circuiting of the junction and ultimately cause

reversal of the voltage polarities.

The thin Bi;O; films have many applications in the vari-
ous fields of technology microelectronics, magneto-oplics, as
functional elements [1-3]. We were observed negative resis-
tance in the I-V characteristics of sandwiched Bi-Bi,0:-Bi
structure. The method of preparing the samples has been re-
ported in earlies our papers [6]. The schematic diagram of the
experimental arrangement for tracing 1-V curves is shown in
Fig.1. Specially guarded and shielded circuitry in X-Y recor-
der provides 1 MC input resistance at null on all fixed and
variable ranges from 40 mV/cm and above. The current
through the sample was obtained from the voltage drop
against the standard resistance consists of manganin coils of
0,02% accuracy. Applied voltage across the junction was
varied with the help of a rheostat.

E"i-ﬁt‘f}.g?f.'ﬁf By

,". L ——

ot s e | M
e o .

Fig I. Experimental set-up used for tracing [-V characteristics
(S - sample; B - battery; Rh - rheostat; RS - standard resis-
tance; R-x -y recorder; '~ copper-constantan thermo-
couple; M - microvoltmeter).

For measurements at liquid nitrogen temperature the sam-
ples was directly dipped into liquid nitrogen. For high tem-
peratures the distance of the sample from the surface of liquid
nitrogen was varied. Thermo emf of a thermocouple whose
junction was kep: near the sample was measured by a micro-
voltmeter,

Two typical 1-V curved are reproduced in Figs. 2 (a) and
(b). The negative resistance region in the curve at liquid ni-
trogen temperatures more prominent, showing in addition,
some distinct oscillations. Generally, it was observed that the
critical voltage at which the negative resistance region is hig-
her at liquid nitrogen temperature than that at room tempera-
ture, Itz value also depended on the aging of the sample, in-

creasing together with one. Another interesting result exhib-
ited by the sandwiched structures was that with further in-
crease of applied voltage the easily recognizable additional
negative resistance regions accompanied by high frequency
oscillations were observed. This is displayed in the two typi-
cal curves reproduced in Figs.3 and 4. Hysteresis effect, par-
ticularty quite pronounced at room temperature, was also
observed. Such negative resistance regions together with
other ancillary effects have also been reported by several
authors [7, 8).

I, mA |, mA
40 8 b
18]
22
24 12l
16
6 |
8 |
0 30 160 0 120 240
v mv V. mv

Fig.2. Tracing of I-¥ characteristics by X -V recorder (8} al room
temperature (300 K) after 23 hrs aging of the junction; {b)
at 77 K after 23 hirs aging of the junction with area
0,00 om®.

24

< 18}
&

—

12

24 36
vV, mv

0 12

Fig 3. Recorder tracing of I-V curve, at room temperature
showing multiple negative resistance regions (aging of
the junction 4 days).
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0 8 16 24 32
1, mA

Fig.4. Multiple negative resistance regions as shown by the I-V
curve at 163 K (aging of the junction 4 hr).

At room temperature, the voltage drop across the junction
appeared to decrease at higher current and graduaily became
zero showing apparent short-circuiting of the junction. On
further increase of the applied voliage, the I-V curves showed
reversal of the voltage polarities across the junction, as
shown by a tracing for a typical sample in Fig.5.

A slow ‘memory’ effect was exhibited by Bi-Bi;0;-Bi
structures. It was observed in all the 50 samples studied so far
that once the I-V curves were reserved to the negative direc-
tion, the samples had to have a minimum of 12 hr rest to get
the -V curves in the positive region. On repeating the ex-
periment, however, the critical voltage at which negative re-
sistance started was observed to be smaller,

f, mA
1607

80 0 80
V. mv

-160 160

Fig.5. The reversal of I-Y curve to the negative direction at
room temperature (300 K) as the applied voitage whose
positive terminal was being connected i the lower elec-
trode Bi {aging of the junction 18 days).

All the curves reproduced here were traced with positive
terminal of the applied voltage connected to the lower elec-
trode bismuth. All the characteristics reported here were,
however, observed to be more or less the same when the bat-
tery terminals were interchanged.
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¥Y.Y. Hiiseynov
Bi-Bi,05-Bi STRUKTURLARINDA MONFi MUQAVIMBT

Bi-Biz03-Bi sendvig strukturlanmin volt-amper xarakteristikalarinda ham otaq, ham de asafs temperaturlarda menfi miqavimet
(MM) oblasti misahide olunur. Yiksek gerginliklerde MM oblastinda ossilyasiyalar meydana gelit. Gerginliyin sonrak: artimt
kecidin desilmasine getirib gixanr, hansi ki, ancaq oks gerginlik totbiq olunduqda berpa olunur.

AKO. Tyeeitnon
OTPHLATEJBHOE CONPOTHBIIEHUE B CTPYKTYPAX Bi-Bi;O3-Bi

Habmonancs YUacTOX OTPHUATENLHOTO conpoThrnenus (OC) Ha BOART-AMNEPHOR XAPAKTCPHCTHKE CIUIBH-CTPYKTYP Bi-Bi1,0;-Bi, rax
TIpH KOMHATHRIX TEMTIEPETYPAX, TAK ¥ IPU KPHOTCHHEIX, TIpH BLICOKMX HANPAKEHWAX K2 y{acTke OC BOIHHKANH OCUMITIATIKA,

JlathHcHIes YBENHACHHS HANIPMECHUA TPHBOAHIO K NPo6oo Mepexons, KOTOPLIA BOCCTAHABIMAANCA TONRKO IPH 00GpaTHOM HanpaAKe-
HHH CMCUCHHA. '

Jiama nocmynvern: 02.11.00 Pedasemop: 3.H. Hexendepsade
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NONLINEAR WAVE INTERACTION UNDER COHERENT POPULATION TRAPPING
CONDITIONS

Z.A. TAGIEV, N.V. KERIMOVA
Azerbaijan Medical University named after N. Narimanov
Bakikhanov, st 23, Baku, 370150

R.J. KASUMOVA
Baku State University
Z. Khalilov, st. 23, Baku, 370148

The four-wave interaction under coherent population trapping conditions when two of three waves incident on the medium are strong has
been investigated in the constant field approximation where, unless the constant field approximation, the reverse reaction of the excited
waves on the exciting wave phase is taken into account. Moreover, the constant intensity approximation allows to account both the phase
mismaich and the damping of all the interacting waves simultansously. 1t has been shown that with certain parameter vefues of the problem

consideted, the use of the consiant intensity approximation, rather than the constant field approximation, is more reasonable.

One of the perspective direction of the further develop-
ment of a superhigh resolution speciroscopy, the creation of
specific scheme of atomic cooling, amplification and genera-
tion of the light beams in the lack of population inversion and
50 on is due to ¢oherent population trapping (CPT) phenome-
non [1-4],

CPT is a special state of multilevel system, when the ex-
citation of the upper levels because of absence of interaction
of system with optical fields is impossible. In this state popu-
lation is distributed between the bottom levels, occurs so-
called "trapping” or capture in a coherent superposition basic
and final excited state, and the intermediate state is not
populated [5]. At CPT the system can not absorb or radiate
resonant photons, the significant reduction of absorption of
strong pump fields is observed at their propagation in the
medium while the nonlinear polarization in this area is great
enough. This effect is of interest in terms of increase in a
nonlinear frequency mixing efficiency at the two- photon
resonance in a multilevel system due to medium transparency
for the strong pumping fields under certain conditions.

The three-frequency interaction [5-6] and four wave inter-
action {3] when two of three waves incident on the medium
are strong have been considered for the case of CPT. To
analyze the nonlinear frequency coaversion efficiency, the
authors investigated the effects of the wave propagation in a
nonlinear medium in the constant pumping field approxima-
tion, i.e. without account of the change of interacting wave
phases. In addition, the analysis of wave interaction in the
constant intensity approximation [7] allows to take into ac-
count the reverse reaction of the excited waves on the excit-
ing wave phases.

In the present paper a theoretical analysis of the four-wave.

interaction in a nonlinear medium with a simultaneous ac-
count both of the phase change and the damping of all inter-
acting waves has been carried out in the constant intensity
approximation.

Consider the Raman scattering of three laser radiations in
a four-level system. In this case, two of four incident electro-
magnetic waves at frequencies @; and @, are assumed to be
strong, and the third one at the frequency w; is considered to
be weak (Fig.1). As a result of a nonlinear inmeraction in ato-

mic system, the fourth wave at the frequency m,=w), - @,+®,
is generated. It is assumed that the ground state is occupied
initially, and the transition 2-»0 is a dipole- forbidden transi-
tion. This is attributed to the fact that the coherent trapping is
observed only in the case of two-photon excitation of a me-
tastable level,

02

2 .

0 \ 4

Fig 1. The scheme of transitions for the Raman scattering
process under cohetent population trapping conditions.

The reduced equations for the field amplitudes at a four-
wave interaction of the plane waves propagating along the z-
axis have the following form in a steady-state conditions [8]:

da, e
—L + 54, = iy, A AA, et 4¢
a7 14 YViha48;34, ’
clA ) . "
———-—d2 + 8,4, = .1}'2}'11A_j__}'i.,ej 22,
2+ §,A, = iy,AjA,Ae P ¥,
dz . _ .
dA . - idz
L+ 8,3, =iy A AR,
dz

where A; , are the complex amplitudes of pumping waves at
the frequencies @, ,; A; is a complex amplitude of a weak
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Jaser wave at the frequency @3; A, is a complex amplitude of
a weak wave generated in a nonlinear medium; &, are the

absorption coefficients; y; = 2:rka;"‘ are the nonlinear

- . L . 1 .
wave coupling coefficients; z_f (@;) 18 the atomic nonlinear

susceplibility responsible for generation at the frequency
@y, d=k;~k;+k3-Kk4 is the phase mismatch of interacting

IMOY

waves. N
a 8428 A-22
A (z) = 3¢ . e L
? 4A
Afz) =1 Zf AwAqusn .
where

R.J. MOVA
The boundary conditions in this case are
Ay {z=0) =Ajp0 (j=1-3); As (z=0)=0. (@)
It is assumed that at the boundary of a nonlinear medium
the coherent population trapping effect takes place.

Solving the system (1) in the constant intensity approxi-
mation with the boundary conditions (2), we obtain

6 - 26, + 24 + 214 + (26, - 8 + 24 - 2i™"] .

2s.i:ih—';iz-e o @

-2, .Y o
- .- J"d' - 4?4(}'11-20_ _I.ao = ¥2LiT5 * ¥3TiLlz0 )

, _
5=Z§j;Ij=A5-Aj;A=\[( >
1

Then, the formula for conversion efficiency #7=14/ 15 at
the output of a nonlinear mediwn of the length I is obtained:

A1l

_gls.}'..r‘lh—'2
e ? . (5
11 )]

2

n= 475110I20 - 1

R

For y,=y,=0, from (5) we obtain the result for the constant
field approximation, (&;, /0) [3), where

A=

\/(‘{3";—54' = iA] — Ay I

Fig.2. The dependence of conversion cfliciency 7 on pumping
intensity for 41=1.5; &5 =0; y = 0%, 21 = 0.5 and
Il =0.8{1,2) [321=0.7and I31=0.6 3,4)
1, 3- in the constant field approximation;
2, 4- in the constant intensity approximation.

[ With a certain relationship of the frequencies @;, the val-
ues 4y, (1 Iz0L50~73120130) and 4¥,¥31:012p can be of
the same order. In this case, in Eq. (5) the term
474 (¥1120T36-Y3l10I30) in the parameter 4 cannot be ig-
nored, and therefore the use of the constant intensity ap-
proximation is more reasonable.

» .

n
o4 -

L

L8]

o Y o e P .
08 t2 “w 1l

Fig.3. The dependence of conversign efficiency 7 on the redu-
ced length of the nonlinear medium 71 in the constant
intensity approximation for 81,z = 0; 3 = 82 ¥=0.8;
L/0=), 40T=2(1, 2), 3(3,4), 83/1=0.21-3),
0.6 {4y, [/ =1 (1,34, 1.2(2).

From (5) follows, that the efficiency of conversion is peri-
adic function of length of nonlinear medium. Optimal length
1%t at which the efficiency reaches the maximal value is
determined by exptession (8;=8,~0; 57=5,)

1% = L arctyg , (6)

A" 5,

26
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where

. A
A" = J-Z + ?4[(73110 F VI - ?’2{10%0] ’

According to (6) as against result in the constant field ap-
proximation (¥, »~0} in the constant intensity approximation
optimal length of a nonlinear medizm depends besides inten-
sity of waves pumping on intensity of a wave on frequency
ar. .
The dependences of conversion efficiency on pumping
intensity at different interacting wave intensity values are
shown in Fig.2. As would be expected, the account of the
phase effects at four-wave interaction leads to decrease in
frequency conversion efficiency as comparad to the efficiency
value in the constant field approximation. Such behaviour of
curves received in the constant intensity approximation, is
connecied as against constant field approximation by reverse
pumping of power of a excited wave in exciting,

The dependences of conversion efficiency on the reduced
length of the nonlinear medium are presented in Fig.3. As
seen in Fig.3, the curves have a distinct maximum. With in-
crease of the phase mismatch 4 and the losses in the medium,
the conversion efficiency decreases (curves 1,3 and 3,4). Mo-
reover, as the value A, & increases, the optimal length value in
the nonlinear medium corresponding to the maximum fre-
quency conversion decreases.

As seen from the above dependences, with increase of the
phase mismatch 4 and the y parameter, the difference in the
results obtained in the constant intensity and constant field
approximation decreases. Hence, at low yand 4 the use of the
constant intensity approximation is more reasonable, By
choice of optimal value 1%* it is possible to achieve essential
increase of efficiency of frequency conversion.

Authors would like to acknowledge prof. Azad Ismailov
for helpful discussions and remarks.
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Z.H. Tafhyey, R.C. Qasimova, N.V. Karimova

ENERJ SOVIYYOLORININ KOHERENT DOLDURULDUGU ?amrme DALGALARIN QEYRI-XOTTI
QARSILIQLI T9'SIR

Eneriji sevivyolorinin koherent dolduruldugu seraitde dird dalgamin qarsihigh te'sici arasdirtimagdir. Burada milhite disen tig dal-
gadan ikisinin giiclii oldugu nezérde tutulur. Sabit amplitud yaxinlasmasindan ferqli olaraq, generasiva olunan dalganin esas dal-
gann fazasina géstardiyi eks te'siri de nazara alan sabit intensivlik yaxinlagmasinda baxilmigdar.

Sabit intensivlik yaxinlasmasinda garsiigh te'sirde olan dalgalarnn udulmas: ve fazalar ferginin qarsthqli te'sir prosesine te'siri

nezere almmigdir,

Milayyan adilmigdir ki, bele prosesleri aragdirmaq iigiin sabit amplitud yaxinlagmasi ile miigayiseds sabit intensivlik yaxinlagma-

sindan istifade etmak daha megsedsuyfundur,

3.A, Tarues, P.Ax. Kacymosa, H.B. Kepumona

HEJHHENHOE B3AHMOAEACTBHE BOJIH IPY KOTEPEHTHOM IVIEHEHHH HACEAEHHOCTEN

l']pone,neno HCCHSA0ORAHHE YETHIPEX-ROTHOBOTO B3AUMOEHCTRHA R YCIOBHAX XOTEPEHTHOIO NHCHCHUA HACENCHHOCTH, KOT A4 ABA K1 TpeX
PAIA0UINX HA CPEIY BORH SBAAIOTCA CHABHEIMA. PaccMoTpenie BEETCA B MPHONHECHHY 3a1aHH0H HHTEHCHBHOCTY, KOTOPaA B OTNHYHE OT
NpUGIIDECHHA JANAHHOTO NOAR YYUTHBACT OOPaTHYI0 peaKuyio Bo30yRIacMEIX BOAH HA (asy Boadymuaatomnx BoaH, Kpome Toro manHoe
NpufurKenRe NO3BONACT OAHOBPEMEHHO YIECTh Kak §a30B0S PACCOTNACOBAHHE, TAK H 3ATYXAHHE BOEX BIAUMOLCHCTAYIOULIX BOMH.

Honyueno w10, IpH ONPEACNSHHLIN THAUESHMAX MApAMETPOD 3aMaul uenecoobpasno pabotars B MpUEMKEHMN 3248HHON UNTEHCHBRO-

CTH, UeM B NpHOmMDKenHi 34 0aHHOTO NOAA.

Hama nocmynaenun: 26.10.00

Pedanmop: D.M. Nawiumsade
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YIEKTPHYECKHUE CBOHCTBA ETEPOIIEPEXOQ/IA p-GaSe-n-InSe

AJ. BATNPOB
Hucmumym Qusuxu AH Asepbatioxcana
370143, bary, np. I'. [Txcasuoa, 33

MeTonoM CIUTEBICHHA monyuen reveponiepexon ([T} p-GaSe-n-InSe, n wecaenopada BAX nipu 300 K. KoaghulBeHT BEipaMIeHns
nomyseurnx ['T1 opy U=1 B noctrraet 10°+10°, MokasaHo, 4ro npamas Bersb BAX p-GaSe-n-InSe R3MEHACTCR C HAPAKEHHEM IKCAO-
HEHUHATBRO, T.6. T~exp (U/FkT}, rae mna fanusix obpasuos f =1.83.00parHad BeTBs ¢ BAMPAMCHACM HIMCHNETCH KBAAPATHYHO, T.6.
Iortﬁ Toay4ennsic TT] OpH KOMHATHOX TEMICPATYPE LYBCTBHTEALHE K ¢BCTY. [1pn 77 K npK BKMOYEHHU B TIPAMOM HAMPaBACHHH 8-

GJIIOAMI‘Cﬁ cBeMenHe 3 puanMoli obnacty CREKTPA.

Jng nonyyeHnd MEKEKUBOHHOTC CBETOOHOAA Ha OCHOBE
monokprcramnon A''BY' wsroroBnen reteponepexon (I'TT)
mexay GaSe u InSe. Fereponcpexonsl Ha OCHOBE TIONYApo-
poauukos THna A"VBY! nomywens B pane pabor [1-5). Mero-
avka nonyvenns I'T] mexay GaSe » InSe vakan ke, kak onu-
cana B padote [4]. CnegyeT OTMETHTD, 4TO METOL NOXYYEHHA
I'l p-GaSe-n-InSe¢ OTAMMaETCA OT METOLOB, MCNOAL30BAH-
HEx B [1-3,5].

B mannoit paGote coobwaetca 0 BAX rereponepexonos
p-GaSe-n-InSe npw 300 K. B ravecTBe OMITIeCKNX KOHTAX-
108 Ha GaSe nenonslopana spTektixa InGa, a wa InSe - In,
KoHTakTel InGa HaHOCWIHACH CMaYHBAHHEM Ha CBEXECKOAO-
Thi¢ MOBEPXHOCTH, 4 In — nanausanuesM. JInA H3rOTORMEHNAS
T p-GaSe-n-InSe Hcnons308aHE] MOHOKpHCTANIILE p-GaSe
n-InSe, nonyueHHele Metomom BpHmkmena. Bce niromop-
NEeHHKIE TETEPOCTPYKTYPLI 06NanaioT IHAYHMTENBHRIMU K03(-
(UNHEHTAMH BELIIPAMNEHUS OPH KOMHATHOW TeMIIEpaTYpe.

FIpaMas ReTRE COOTRETCTRYET MONOKUTENLHOMY MOTEH-
wsany Ha InSe. KoapOuuneHT BINpAMIeRns (J,./ J,s) 3THX
TTI npu 300 K pasex 10° npu =1 B. IIpn norpyxenkn 06-
PASIOB B XUAKMA 30T kod(PMOMEHT BRINPIMNEHNS THAYH-
TENbHO YMEHBINAETCA U cocTapngeT |00. 3710, no-BAANMOMY,
CBA3AHO C YBEIKMYEHAECM NOCNEN0BATEMbHOMG COPOTHBACHIRA
p v 0 ofnactelt. Hisectho [6], 4To NpH YMEHBIIEHHH TEMTIE-
PATYPLH OT KOMHATHOH M0 )KMEKOFO a30Ta, KOHLEHIPalUAd
cpoBoaEmx HOcHTemel kak B p-GaSe, T2k M B n-InSe
YMEHBIIACTCA MOYTH Ha 2-3 mopaaxa. Hoaywennpe I'Tl mpa
KOMHaTHOH TeMnepaType YyBCTBHTENbHH K cBety. [Tpr 77 K
OHH CBETATCA TNPH BKAIOYEHHH B NPAMOM HanpabnexuH. B
0DpaTHOM HampaBReHHH OOPAILLI WIH HE CBETATCA, WIH Xe
¢nalo CRETATCA MPH BLICOKHX HANPAKEHHAX,

AHANH3 SKCMEPUMEHTANBHBIX PE3YNLTATOR NOKAAN, YTO,
NpH KOMHAATHOH Temmnepatype, BAX marotornesHix I'T] npy
MANLIX  HATIPSDKEHUAX  TIDAYHHASTCA IKCIOHEHIMANLHOMY
JAX0HY, T.E,

J=J,exp (eU/nkT) )

rae ¥ - mpunoxerHoe ¥ I'Tl Hanpaxenwe, J, - npeaskcno-
HeHUMATLHBI MHOXHTEND, HesabucAwmit or U, T - afco-
JIOTHAR TCMIEPATYPA.

Ha pug. npeacrannena BAX ana npyx I'Tl p-GaSe-n-InSe
e mMacmtabe 1gJ~f (U). Ilpy nocTpocHHH KpHBOH MBI ¢YH-
TAIH, 9TO BCE TOZABaeMoe HanpkeHue nagaet B 111 Tlage-
HuC HanmpAxkeHHua B obnactax p-GaSe m n-InSe ne yureno.
Kax BHARO W3 NpHBENEHWHIX KPUBHIX, Npsman seTsh BAX
ITI-1 u I'TI-12 B 3THX KOOPAHHATAX BLINPAMIAETCA NPH YRE-
auuenuu Toka o 107° A 10 5:10° A uepes rereponepexonsl.

H3 HakfoHa NpAMLIX Y4acTKOB ONpeleenbl 3HAYeHAA J, H

77, KOTOphi€, COOTBETCTBEHHO, parnsr 107! A u 1,83 1na obo-
ux I'TL.
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Puc. BAX I'T1-1 uI'TI-12 npu 300 K.
®.1T-1, O -TT-12.

i
TokoBble HamPAKEHHA OTCeYKH (U, ), OnpeiencHnme

akcrpanonsuielt nuHednoro yuactxa mpamoli sersu BAX,
noCTpoeHHOH B o0bHOM MacmTabe, coctapnmor 0,65+0,75 B
npu 300 K.

Ha 31omM xe puc. naxw obparhele Betsn BAX 3»1ux ke
I'Tl 8 nexynorapugmsiieckom Macintate. Kak BHIHO, B KOOD-
duuarax igJg~f (U) kpHesie He peimpammsmorcs. Ofpar-
Hele BAX, nocipoennbie B macwitale JgJ.s~f (1gU),
BLIMPAMAAICTCA. Bee skenepiMeHTANLAEE TOIKH XOPOLIo Mo~
KArcH Ha oAHy npaMyo.H3 Haknona wpusoll lgJue~f (IgU)
AalineHo, 910 oOpaTHBI TOK pacTeT ¢ yBenwdeumesm ofpar-
HOTO HANPAKEHNA KBAAPATHIHO, T.6. Jog~LF,
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H3sectHo, 910, H3ydad BAX reTeponepexonos, MOXKHO
onperenATh MeXaHusM TokompoxowneHus uepes I'TI. Ha
OCHORE MOTYUEHHMX 3IKCIIEPAMEHTANBHRX BAHHBIX MOXHO
nonarate, 410 B o0nacTH HanpskeHus or 0,3 g0 | B, roe
BAX noauwnserca 3aKoHy J=J.exp(el/nkT}, TOK B
MpAMOM HanpaBneHuH ofycnosned Handapeeprolt IMHCCH-
eHl, BEpOATHO, ¢ pekoMOMHaNACH B ofnacTH ofLeMHOTO 3a-
paga Wid Ha rpadkue I B nomssy y4acTia nponeccos pe-
#oMOMHAIMHE B TOKONMPOXOKIEHHH CBHICTENbLCTBYET 3HAYE-
nhe 17, Koropoe pasHo [,83. deiicrsnrensyo, b paborax [7,8]
TEOPCTHICCKE PACCMOTPCHO BIMAHHE NOBEDXHOGTHEIX CO-
croaruit Ha BAX peanssbix anusorponHeix 'T1. B pabore
[8] s BAX, xoraa moBepXHOCTHEIC COCTOAHNA HMEIOT Bbl-
COKH¢ KOHUCHTPALKH 1 foctaToyHo GomblrHe ceveHHA 3a-
xBat2 gnA oboux THNoB HocHTeleH, T.e., KOTAa TOKONPOXOK-
JCHHE CBA3aHO, B OCHOBHOM, ¢ pekomMGHHammel Ha wuxX, 1mo-
JIYUEHO CAeRYIolee BEIpAKEHHE

el; el
J = SeqfnipzplszlEz exp — KT ex %7 )

rae 5 - nmomaxe [T, nj, p, ¥ 44, jiz - COOTBETCTBEHHO, KOH-
UEHTPAURS H NOABIXHOCTH CCHOBHEIX HOCHTeNEH n U p Mo-

NYTIPOBOARMKOB, E), £ - NONe y rpaHun, U - paBROBECHOE

3HadeHHe cymmapHore anddysmoHHore noreHumanma. Hs
TeOPETUYECKOrO BHIPAKEHHA BHAROC, YTC B BHIICYKA3aHKOM
CAYYae 3Ha9cHHe 77 OMKRO CuiTh pasHbM 2. Onpenenensoe
3HAUEHHE 17 H3 DKCIEPUMEHTATBHOH Kpreoli pasxo 1,83, T.e.
6am3ko k 3TOMy 3HAUEHMIO, CIEAYET OTMETHTB, 470 TeOpE-
THUECKME BripakeHus BAX cnpaseanueml Torns, xorza
@& ny=&p; (cM. [8], ypaeHeHua 5). 3necs &, B &, - KHIACK-
TPHYECKaA TPOHHUACMOCTE R H P IONYIPOBOAHUKOB, COOT-
BETCTBEHHO. 3TO MOKALIBACT, 9TO, AeHCTRUTENLHO, pekoM-
Ounauma Ha rpannue [T1 ABASETCS ONPEIENAIOIMMM MEXa-
HH3MOM TOKONPOXOXASHRS WayusHunX I'T1 p-GaSe-n-InSe.
MoHoRpHcTanner GaSe n InSe ¢ rexkcaroHansHON CTPYK-
TYPOH COOTBETCTBEHHO UMEIOT fapaMeTpsl petteTian a=3,755 A
H4,042 A; c=1594 A u 16,93 A. To-anmmoMy, Takoe pas-
IHYKE B MApaMeTpax pelleTKH IpHaoauT x obpaszomammo
GOMBLIOTO KOMMYECTBA NOBEPXHOCTHEIX COCTOAHHIN, KOTOpLIe
UIPAXOT BAKHYIC PONIb B MEXAHM3MAX TOKOHPOXOWAEHU,

(1] AL Bazupoe. INEXTPOMOMHHECUEHNHA MOHOKpHCTAN-
JIOB CENEHEAA ranaun. JMCccepTalms Ha COMCKAHUE yve-
Holi crencun kauk. $Hs.-mat. Hayk, Baxy, 1973, ¢. 157,

[2) C Taveyama, H Mizukami and S. Ichinura. Jap. 1. Appl.

: Phys., 1974, v.13, Ne 11, p. 1925-1926.

{3] BJBaxymenxo, 3T Kosonor, J1.H Kypbanos, B Ta-
zaes, B¢, Yuueco. OTTL, 1980, 1, 14, 8. 6,C. 1115-1119.

(8] A1 Bacupos, C.I0,Bacupos, 3.F0. Canaes. DTII, 1982,
T. 16, 8. 6, . 1099-1102.

[5]1 B.J.Baxymenxo 1. H Kyp6amos, B.I Tazaee OTTI, 1982,
T.16, 8. 7,¢. 1145-1148.

[6] I"A. Axyndos. Tlomyuenue Mowoxpuctamios ABY u
HCCNEROBaHAE MX (u3ueckux cBoicTs. Jucceprauus
Ha COMCKAHHE CTenenH okt ¢u3.-maT, Hayk, Baky,
1967, ¢. 355,

[71 HGGard J. Appl. Phys., 1979,v.50,Ne 4, p.2822-2825.

[8] AL, 10.B.Limapyes. OTIL1980,1.14,8.9, ¢, 1724,

9.H. Bagirov

p-GaSe-n-InSe HETEROKECIDININ ELEKTRIK XASSOLaRI

Oritma iisulu ile p-GaSe-n-InSe heterokegidi (HK) alimb va onun 300 K-de VAX-1 tedqig olunub, Alinmiz HK-in diziendirme
smsah [=1 V.da 1024105 catir. Misyyenlogdirilmigdir ki, p-GaSe-n-InSe HK-de VAX-m diiz istigametinde coreyan gerginlikden
eksponensial olaraq artir T~exp (U/BkT), burada #=183-dir. ks istiqametds ise -dan kvadratik asthdi: I g~1%.

Almmis HK otaq temperaturunda isiga hessasdirlar. Azot temperaturunda (77 K) HK diiz istigametde spekirin goriinen oblas-

tinda isiglanu,

Ceroyanin gorginlikdon cksponensial asthili yikdasiyicilarin ¢opari dstdan kegmasi ve onlann HK-de ve ya hecmi yilkletin ob-

lastinda rekombinasiyast ila izah olunur.

A.G. Bagirov
ELECTRICAL PROPERTIES OF p-GaS¢-n-InSe HETEROJUNCTION

p-GaSe-n-InSe heterojunction is obtained by fusion method and VAC is investigated at 300 K. Electron coefftcient of obtained HJ at U
=] V achieves for 103:10° It is shown, that straight wing of VAC of p-GaSe-n-InSe changes exponentially with voltage, i.e.
I~exp (U/BKT), where for the given samples fi=1,83. Reverse wing changes with voltage quadratically, i.e. I,,~F. Obtained HI are sus-
ceptible to light at room temperature. In case of direct switching at 77 K, the luminescence is observed in vistble region of spectrum. Expo-
nential dependence of charge versus voltage is explained with above-barrier emission of carriers and subscquent recombination in range of
space charge or on the boundary of HJ.

Lama nocaynaenun: 09.02.00 Pevaxmop: C.H. Mexmuesa
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CTPUMEPHA A JHOMUHECHEHHHUA B MOHOKPHCTAJLIIAX CaGa,S,:Eu®*

P.b. I’KABGAPOB
Hucmumym Duzuru AH Azepbaitoncana
370143, baxy, np. I'. [Tacasuoa, 33

B Mookpuctannax CaGa,S.Eu’’ snepssie sosBykaeHtl ¥ HCCIEROBANE! CTPAMEPHELe paspsust fpw 77 1 300 K. MayueHss ycnosma
ROIGYRIACHHS, RIHAHNE TEMITEPATYDM HA MHTEHCHRHOCTE CIICKTPA WIMYMEHWS CTPUMEpPHRIX pazpagos. HaGmonanucs npamMue oaMHOUHEIE
pazpaxbl ONpEAeReHHOR KPHCTAMIMHECKOR OPHEHTAILLMH, NOKANH30BAHMEIE B NIOCKOCTH CIVEBOIO NAKETE, € BRXOI0M 0CHOBHOH YACTH CBe~

TOBOFO TIOTOKA BAOAL KaHATA.

B nocneasiee BpeMa NPOBONATCA HHTEHCHBHBIE HCCIET0-
RAHMA JIOMMHECUCHLMH peakoseMeNbHuX #oHoe (P3H) B
IIHPOKOIOKHEIX NONYIIPOBONHHEAX. ITOT uHTepec ofycrop-
NieH BOIMOXHOCTBIO HpdexTHBHOrO BO3GYKIeHMA P3H yepes
ITHPOKHE [TOAOCK! MOTNOMEAHS OCHOBHL, TG B CBOID O4epelh
CHHXAET NOPOT BO3OYKIAEHWA, VBENUYHBAL TEM CaMBIM 3¢-
$EKTHBHOCTD BRIXO0AA JIFOMHHECUL HLIMA,

B 37oM acnexte MEPCTiCKTHEHLIMK ABAMOTCA MOHOKPH-
craunb CaGasS,, KpUCTALTHIYIOWINECA B POMOHUCCKOI CHH-

FOHHH C OPQCTPAHCTBEHHON TpynnoH Dj: Fddd ¢ noc-
TONHHLIMH pelieTkn: a =2.0087; b=2.0087; c=2.2112 A xo-
TOpBIE ABMMOTCS BRICOKOOMHBMH (£~10°:10' Om-cm)
NPOARISIOT APKOBHIPKEHHYIO MIOMHHeceHo [1].

Ana spipamiveadus  Mouokphctaanos CaGa,S; npume-
HAMCA ra3OTPAHCTIOPTHLIA MeTon. B kavecTse mepeHOCuMKa
HCTIONBIORANH XUMWYECKH WMCTRIN #on (I,), Tpukam oun-
IWeHHElll BoAroHKkol. TlonyueHHbIEe MOHOKPHCTANMB MMETH
pazmepsl ~6x%3x3 Mm [2]. Coennnenns tdra CaGaS,; ofna-
JawT 3dexTrBHoi dotomomuHecueruneii (PJI) xenroro,
3ENEROTC H TONMyGore LBETOB. OHH HCHOABIOBAND HAMH HNA
CO3AHAA OTBTHBIX JIOMHHCCHEHTHBIX NaMIl ¢ APKOCTHIO
10* koM’ [34]. CywecTeeHHan 0coGSHHOCTL YKA3aHHBIX
MOHOKDHCTALAOE 3aKII0%aeTCA B OTCYTCTBHH CHABHOTO KOH-
LEHTpaUHOHHOTO TymweHnd (a0 7 Mon.%) ans pana nasepHsix
ypopueii, yqacmylomux B redepausn. Ha ocnose MoroKpH-
cranno CaGa,S,Eu’" coanams nepectpansaeMble Nazephl
WeNTO-3eNEHOTO CBeSeHuA [5,6].

Q6muil METCA MOAYYEHHA P'EHCPAIIMH CRETA MYyTeM BO3-
6ymeHns OMHOPOZHOTO MOJMYIIPOBOAHHKA MMITYALCAMH
SAEKTPHYECKOTO nond ObLN npegnoxeH pavee B [7). Tlpu
IOCTATOYHO BRICOKOH HATMPAKEHHOCTH HIEXTPHRECKOTO TONA
BCHSNCTRYE VAAPHON HOHH3AIINMA WA TYHHENbHOMO JbdekTa
B TIONYMPOBONHHKE NPOUCXOAUT SHICTpOE YBENHYEHHS KOH-
UEHTpalHY HEepaRHOBECHEIX HOCHTENel Toka, pacmpenencH-
HBIX B IIAPOKOH 3Hepre'm=lccxoia nonoce. TloxydeHde CTpU-
MEpHBIX paspsaos B CaGa,S,En’* orxpsisaer HoBuIi Tan B
H3Y4CHHH QUIMIECKHX CBOHCTB, a TAOKS B H3YMEHKH ICK-
TPHYECKHX ABACHUH M HX HCTIONB3CBAHHH EN2 NPAKTHYECKHX
ueneit. MuorokpaTHas BOCHPOHIBOIMMGCTE NPoGoa B OQHOM
H TOM ¢ o0beMe KpHCTA/MNE, BOIHHKAIOMIAA MPH 5TOM o~
MHHSCUCHIIMA H, B HCKOTOPI:IX cayHanx, cmuynuponaunoa
H3AyYeHHe NO3BONAINT NONYYHTH HOHOTHUTEILHYIO BH(Op-
MAIMIO O CTPOEHHH RCCNENYEMOTO MaTepnana H paspaborke
HOBBIX NpuBopos.

B HacTofimed padoTe WIYYEHB! YCNOBHA BOIGYKNSHHA,
BAMAKHE TEMREPATYPLl HA WHTEHCHBHOCTS M3MYYCHU CTPH-
MepHRIX PAIPANOB B MOHOKpHCT&NNIax CaGaySyEu®” B,rm
CpPaBHERHA TIPHBEAEHH HEKOTOPsle ZaHHbie OJI CaGa:S., Eu®™
MPH JAZEPHOM BO30YXKICHWH.

CrpuMepHBIl paipaa Bo3Byxaanca HMYNLCAMH Hanps-
XeHHA aMnauTyaol ~50 kB, anurensHoeTsio ~100 Re yepes
paspaaseii npomexyTok 100+300 MEM € NOMOILID HLNOBG-
O 3MEKTPOAA, HITOTORASHROTO H3 MelH [8]. Urobu mibexars
NoAHOrG NpoGos M NpOTEKAHMA Yepe3 KPHCTANT GoMkuIoro
TOK&, BTOPONl 3IMESKTPOL azemnfercs. B xavecrse aWanek-
TPHYECKOH XKHAKOCTH GLIT UCNONB3I0BaH KepockH. CTpHMep-
HBIE paspAlbl PeTHCTPHPOBAMNCh GrororpadHIecKiIME MeTO-
Samn. [pe 10M HaGMonANKCE ONMHOYHBIE IPAMBLE pa3PRLI
B OLIpEACACHHOR KpucTannHdeckoll opriertanuy (101), noka-
AH30BAHHRE B MNOCKOCTH CJIOEBOTO NAKETA, C BRIXOAOM OC-
HOBHOH YaCTH CBETOBOTO NOTOKA BAOND KaHata (puc.1). ITe-
pexon or 300 K x 77 K npuBonnT K 3aMeTHOMY YBEIHYEHIIO

Pyc. 1. dororpadiia cTpuMepHRIX padpafos B niockocTax (101)
B MOHOKpIETAN e Calia,S,:En?" mpu 300 K.

HHT¢HCHBHOCTH paspana. [lpx atom ofpasyioTed OAHHOMHbIE
paspane, B cHixaerca obee wneno crpumepos. Takue cay-
Yan HaGmMOJANHCh B NAACTHHMATHIX KPHCTAANaxX cyms(puaa
KagMHA B OOBACHAMHCE KAK B3aHMMOMeiiCTBHE aMeKTpoMar-
HHTHBIX BOAH MHKPOBDJIHOBOTO B BRAHMOTO IHANMA30HOB
HHHLMAPORAHHLIX pa3paaoB [9-11].3To cooTReTcTBYET Npex-
CTARIEHHIO O CTPUMEPAX KaK O CAMOGPTAHW3OBAHHEIX CTPYK-

Typax [8].



CTPHMEP

3aKOHOMEPHOCTH BOZHMKHOBEHHUA M pPACOPOCTPAHEHNA
3NEKTPUYECKHX pa3palos B ofpajne 3agucar oT THRA A
ANEKTPHISCKON XHMAKOCTH, B KOTOPYI0 MOMEIIaeTCH ofpasen
H UrioBof 3nexTpos. FipoBoEs MHOTOKPATHLIE IKCHEPHMEN-
Tl B KePOCHHE M RUCTOHE, NMPHILIH K BLBOIY, YTO WHTEH-
CHBHOCTh JIFOMMHECLUSHLHH B KEPOCHHE HAMHOTO GOJI]:LI.IC,
YeM KOPIa KPHCTAT HaX0AHTCA B aUETOHE,

C Uenpi0 YCTAHOBMEHWA NMPHPOAEL CBESEHHA CTEKTPH
crpuMepuofi  promMunecuennsn  (CJI)  MoHoxpHcTangos
C2aGa,S,:Fv®’ cpasumBanncs, co criektpammu (OJI) npn eos-
6ymnenun nazepom JITH-21 (1=337,1, =10 ne.)

Heakrusuposansmil CaGa,S, obnanaer cnaboll n wupo-
xononocaol OJ ¢ MaxcHMYMOM MHCCHH PR 2.213B. On-
HAKO, NpH AKTRABHPOBAIHNY HOHAMH E'I.l * JAHHOE COeNHHEHHES
npespaingercs B pexTHBHLIA kpReTanodochop c nmco-
KOt APKOCTHIO WATYueHUd.B cnexpe mamysenns CaGa,S;Eu™
BEIABNEH V3IKHH MAK ¢ MakcumMymom 2.23 2B, K nepcxon
OCYUIECTBIRETCA MEXAY YDOBHAMA 4 £°5d u 4f ? gorios Eu”*
(pic.2). [IpoBeAeHRRIE IKCNEPUMEHTEI [IOKA3ANH, YTO ¢ yBe-
JIHYEHNEM TEMAEPATYPb] HHTCHCHBHOCTD MAKCHMYMa YMCHE-
LIAETCH B MSTHIPE pa’a W SHEPTETHYECKOE MONOKEHHE HE H3-
meHaeTca, Cnektp posbykaeHua npeactapiaeT cofofi Ikc-
TPEMATBHO- IIHPOKYIO TIOROCY, NPOCTHPAIONLYIOCA BIVIOTE A
BHOAMOM 06nacTH, nepexpblBaich B IIHPOKOM KHTEpBANE BH-
IuMoli 0BRAcTH €O ¢NEKTpoM BImydeHus. Hammaue cnewrpa
rO30yxIeHHR OOBACHASTCR MOTTIDMLIEHIEM HMOHOR Eu*', Tax
¥ak HeaxTHBHpoBanMeIA Calia,S, B 3ToR obnacTu crlenpa
He nornomaet. HeobxoAMMO OTMETUTH, MTO PACcIOROKECHHE
MakcaMyMa umenHo npu 2.23 3B ofycropnnsaer Gonbioe
MpakTHYECKOE 3HAYEHNEC JAHHOrO coearHeHnA. Jleno B TOM,
Y10 MAKCHMYM KPHBOH OTHOCHTEIRHON 4yBCTBHTEABHOCTH
HOPMBIBHOre HENoBeHeckore rnasa Takke NPHXOOWTCA Ha
2,23 »B. .

Crprvepran seompHecuenss (CJI) (pue.3) mpr 77 w 300 K
NOABNACTCS NMPH MakcHMymax 2.33 w 2.28 5B coorsétcraen-
10, [Tonoca H3ny<eHHa CTpHMEPOD MPH KOMHATHOMR TeMOepa-
Type (puc.3,KpuBas 2) cMellena 10 OTHOIICHMIO K Tonoce
@JI (pHc.2) & CTOPOHY HHIKHX LTHH BOJIH M HMEET aCHMMET-
pHUHYIO GOpMY, YTO TAK ¥e CBAIAHO ¢ CWILHLIM NOrJoLle-
Hpem ceera CJ1 B offpeMe KpucTamia, B ouinyue oT OJ1,Bos3-
fyxnaeMolf B TOHKOM TPHIIDBEPXHOCTHOM CAOE MOPHAKA
OZHOTO MHKPOHA,

HECHEHIHA B MOBOKPH
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Pyuc.2. CnexTpht uauchuus (1} u poaGyxneqna (2) kpucrannos
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Puc. 3. Coexepol CJT MOHOKpHCTARAOB CaGa;S,gEu.t"M npu 77 (1)
u 0K (2).

ITo MoeMy MHeHHI}, Npd BOIOYXIEHHH BHICOKOBOALTHEI-
MU MMITYABCAMM HOCTHraeTcs Oogee BBICOKHH YPOBEHB BO3-
OyxneHNA. TIDH 3TOM BO3MOXKHO TAKkKE CYXKEHHE 3altpeLleH-
HOH 30HBI H COOTBETCTBYIOWWIEE CMEWEHHE NOAOC JIOMAHEC-
LIGHUHN.

[1}) AHTeopecbuanu, 5. .Tazues, O.5.Tazues, b.M Hzsa-
mos. Heoprammaeckue Mavephasl, 1995, 1.31, MNel,
c.19-22,
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P.5 JHALGLAPOR
R.B. Cabbarey

CaGa,5:Ev** MONOKRISTALLARINDA STRIMER LUMINESSENSIYASI

CaGa,S,Eu** monokristailannda ik defe olarag 77 ve 300 K temperaturlarinda strimer bogalmasi tadqiq olunmugdur. Strimer
bosalmasmda sbalanma intensivliyine hayecanianma sartinin, lemperaturgn te'siri gyrenilmigdir. Tebeqe paketi miistavisinde
. lokallagtnis, kristallografik istiqgamatle ta’yin olunan, kanal boyu isiq selinin osas hissesinin ¢1Xig1 ile miayyon olunan tak diiz
bogalma miisahide olunmusdur.

s

R.B. Jabbaroy
THE STREAM LUMINESCENCE IN CaGa;S..:Eu” SINGLE CRYSTALS

Eirstly the streamer discharges are excited and investigated at 77 and 300 K in CaGa,S.Eu®* single crystals. The conditians of excitation,

influence of temperature on intensity of radiation spectrum of streamer discharges are investigated. The single direct discharges of the cettain
crystalline orientation located in a plane of iayer packet, with the main part of a light stream yield along the channel are observed.

Hama nocmywaenun; 26.10.00 Pedaxmop: C.H Mexmuesa
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RELATIONSHIP BETWEEN PIEZOELECTRIC, THERMOPHYSICAL PROPERTIES AND
INTERPHASE PHENOMENA IN THE POLYMER-PIEZOELECTRIC COMPOSITES

A.l. MAMEDOV, M.A. KURBANOV, M.G. SHAKHTAKHTINSKY, S.N. MUSAEVA,
LA. FARADZHZADE
Institute of Physics and Special Design Office “Registr” of Academy of Sciences of Azerbaijan
H. Javid, av. 33, Baku, 370143

Thermai and piezoelectric properties of composites based on the polar and non-polar polymers and piezoceramics of different structure
and researched. It is found that composites with high temperature conductivity, low thermal expansion coefficient and specific heat have the
increased piczoelectric properties. Thermat and piczoelectric properties of composites were regulated by the change of the temperature-

pressure regime of crystallization and piezophase structure.

Many new works are appearing in literature every year on
study and use of the polymer-piezoelectric and polymer-
semiconductor compositional systems, which have various
properties [1-3). The physico-chemical base of the obtaining
of composite piezoelectric materials connected to volume
electron-ionic, polarization and interphase phenomena and
the formation of the supermolecular structure elements on the
polymer-active filler phase boundary is considered very few
today. Therefore, on the example of concrete composites ob-
tained on the base of polar (polyvinylidene fluoride - PVDF)
and non-polar (Jow density and high density polyethylene -
" LDPE, HDPE) polymers and piezoceramics of different
structure (rhombohedral ~ PCR-3M and tetragonal — PCR-
™M), we analyse the relationship between piezoelectric and
thermo-physical properties and interphase phenomena.

D x107 (nf/s 3

0 100

0 Q
Teapersturs e

The obtaining of composites, their polarization and meas-
urement of thermal and piezoelectric properties and described
in [4].

Temperature dependences of temperature conductivity (D)
of the composite components are presented in Fig.1 (a). It is
shown that temperature conductivity of polymers and piezo-
ceramics is quite differ and this difference remains in the all
investigated temperature range. Temperature conductivity of
composites substantially depends on a polymer phase (Fig.1,
b). Composites based on HDPE have higher temperature
conductivity than composites based on PVDF. Comparison a
and b on Fig.1 shows that this difference of values of D of
composites could not explained only by the difference of Din
starting polymers — HDPE and PVDF. The phase boundary
phenomena plays the main role here [2,5].

3
2
I

-120 ~EQ Q - 80
Temperature (°C)

Fig.!. The temperature dependences of temperature conductivity (D) of polymers, piezoceramics (a) and composites (b).
a) 1 - PCR-TM; 2 - PCR-3M; 3 - HDPE; 4 - LDPE; 5 - PVDF,
b} 1 - PVDF/PCR-TM; 2 - PVDF/PCR-3M; 3 ~ HDPE/PCR-TM; 4 - HDPE/PCR-3M. Volume fraction of the piezoceramics

=60

The parameter of I is sensitive to a relation of phases in
composite. The value of temperature conductivity of
PVDF/PCR-3M and PVDF/PCR-7M composites in depend-
ence on volume fraction of piezoparticles with the size of
63+ 100 um are presented in Table 1. It is seen that the com-

posite based on PYDF and PCR-3M has a higher temperature
conductivity in comparison with PVDF/PCR-7M composite.
Naticible spread of temperature conductivity of composites in
dependence on the piezoceramics particles size are observed.
Also,with the increase of the piezoparticle size this factor rai-
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Fig.3. a) The wemperature dependences of thermal expansion coefficient (1,2,3) and piezoelectric modulus (4,5) of composites based on

HDPE.

1-HDPE; 2,4 - HDPE/PCR-3M; 3,5 - HDPEPCR-TM. & = 50 %vol.
b) The dependences of specific heat () and piezoelectric modulus {2) on pressure for composite PYDF/PCR-3.

Particle size 63+100 um

also confirmed by the temperature conductivity of composites
with PCR-3M is higher than with PCR-7M one. The results
of measurement of specific heat and piezoelectric modulus
(ci32) of composites are found according to this. Really, the
temperature of ds; relaxation and o« growth temperature
practicaily coincide. Moreover, d;; of the composite with the

small a and high D is high, which is connected to the in-

crease of the probable charges’ flows in the polarization pro-
cess to the polymer-piezofiller boundary, which is deter-
mined by the ordered stucture of the polymer phase. As it is
shown in [8], the composite specific heat is determined
mainly by filler specific heat, polymer matrix and interphase
layer. Investigations show that C, and d;; of composites on
the basis of LDPE, PYDF and PCR-3M, PCR-7M quite differ
(Table 3).

The indicated factors substantially depend on the com-
posite obiaining conditions, for example, on the obtaining
pressure (Fig.3,b). It is seen that specific heat of PVDF/PCR-3M
composite decreases with the increase of P, but piezoelectric
modulus increases and tends to saturation.

Table 3. Specific heat and piczoelectric modulus of the composites.

Composites Specific heat | Piczotlectric
<y, MrgK modulus dy; ,
pC/N
PVDFPCR-3M 264 150
PYDF/PCR-TM 350 95
LDPE/PCR-IM 600 80

Thus, the increase of temperature conductivity, the de-
crease of thermal expansion coefficient {a) and specific heat
with the increase of the obtaining pressure of the composite
based on the piezoceramics of rhombohedral structure shows
the interphase interaction increase favoring to the decrease of
heat scattering on the phase boundary. The increase of pie-
zoelectric modulus with the growth of thermal conductivity
and the decrease of specific heat and o also shows the am-
plification of interphase interaction favoring to an effective
transmission of mechanical perturbation on the composite
piezoparticle.

[1] MG. Shakhtakhtinsky, MA. Kurbanov, F.I Seidov,
S.N Musaeva I A. Faradzhzade. Fizika, 1998, v.4, Na 2,
p. 61-64.

[2) KhSAliev, M A Kurbanov, A.Q Orudzhev, M.G. Shakh-
takhtinsky. Fizika, 1995, v. 1, Ne 4, p. 71-77.

(31 H Toungumang, LL Guy, HLW. Chan Joumzal of
Applied Physics, 1994, v. 76, Ne 1, p. 484-489.

[4] A.lLMamedov, M A Kurbanov, M A Ramazanov,M M. Ku-
fiev, Kh.A. Sadigov, S.N. Musaeva, Preprint Ne 362, Ba-
ku, 15%0, p. 28. '

{S] B.S. Lipatov. Itterphase phenomena in polymers, Kiev:
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hev. Fizika, 1997, v. 3, N3, p. 23-26.

[8]1 B.S. Kolupaev. Relaxation and thermal properties of the
filled polymer system, Lvov: Vitsa shkola, 1980, p.200.

3.1. Mammadov, M.3. Qurbanov, M.H. Sahtaxtinski, S.N. Musayeva, I, A, Faroczada

POLIMER-PYEZOELEKTRIK KOMPOZITLORIN PYEZOELEKTRIK, ISTILIK XASSOLORI VO FAZALAR
ARAS]I HADISOLBR ARASINDA 9LAQD

Polyar ve geyri-polyar polimerler ve mixtelif strukturlu pyezokeramikalar asasinda alinmis kompozitlarin istitik ve pyezoelektrik
xassalerni todqiq ediimigdir. Milayven edilmigdir ki, yiksok temperaturkegivms emsali, algaq termik geniglonme emsah ve istilik tutu-
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mu olan kompozitler yilksak pyezoelektrik xasselore malikdir. Kompozitlerin istilik ve pyezoelekirik xassolori polimer-pyezoelektrik
fazalarn strukturunun ve kristallagmasinin temperatur-tozyiq rejimini deyigmeklo nizama salmmigdir,

A Mamenos, M.A. KypGanos, M.I'. Ilaxraxrruckuii, C.H. Mycaess, ILA. Qapanx3ane

B3AHMOCBA3L MEXKAY NLE303EKTPUHYECKMMH, TEILIOOUIHYECKHMH CBOWCTBAMH H
MEX®A3HBIMH sIBJIEHAAMH B KOMIIO3HTAX NMOJIHMEP-ITBE3O3JIEKTPHK

HccrenoBanLl TEMIOHAIMIECKHE H NLeI0NEKTPIIECKkue CBOACTEA KOMMOIHTOR HA 0CHOBE NOMIPHEIX i HERONAPHBIX NOTHMEPOD H NLC-
I0REPAMER pA3AHUHON CTPYKTYPEL Haltneso, 10 KOMIIO3HIbI ¢ BERICOKHM k0IDHHLHCHTOM TeMIEPATYPOLPOBONHOCTH, HUSKIM KOMDOHIH-
EHTOM TEPMIMECKOTD PACIUMPEHIA M TEMIOEMKOCTHIO 0ONALAIOT MOBLILICHABIMH NLE300IEKTPHTSCKAMH cpoticTeaMu. Tennodusieckne |
IEE30EKTPHUCCKNE ¢BOHCTBA KOMTIOINTOB PEryIHPOBATACE NYTEM HIMEHERHUSA TEMAEPATYPHO-02PHYCCKOTO PEKUMA KPHCTAINHIAIEN H
CTPYKTYpB! a3 NoNUMep-TIbE30NERTPHE.

Hama nocmynaenun; 20.06.00 Peéaxmop: A M. Iomaumos
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CBEPXIIPOBOASIUIHE CBOMCTBA ®A3 B CiiCTEME YBa;Cuz M,0 5.5 (M=Sn, Fe).

H.A. DIOBOBA
Cexmop Paouayuonnbix Heceneoosanuii AH Asepbaiioawcana
370143, Baxy, np. I’ JIxcasuda, 314

MeronoM TBEpAO(AsHOTO CNCKAHMA CHHTESHDOBAMEI M HOGHCAOBAHE CBEPXIPOBOANHIME KEDAMMUCCKHE COCAHHCHHA B CHCTEME
YBa;Cuy M, Os 55 (M = 5n-0 < x < 0,4, Fe - 0,01 < x 5 0,1). Ipn 3ametuennn Mean onosom npe x=0--0,4 oSpasisl FBRAIOTCA CREPXAPO-
sofnukamMu ¢ T, =85+91 K. Ilpy x=0,2 nonydera noBaf CECpXIPOBORANIAS kepaMuEa YBayCuygln o205 © Tny=1493 K T, =91 K;
AT= 3 K; p10=7x10" Ops-cnt. TIpu 3ameimrermn meTr sene3om T MOHOTONHO Hommxactes ¢ 87 K (x=0) 10 84 K (x=0,1),

B Hacroanice BpeMA HeNb3s BLUISTTUTS THAMPYIOIIEE Ha-
npaRfeHMe 3KCNEPHMEHTANLHEY TIOUCKOB B (H3HKE BLICOKO-
TeMOepaTypHol ceepxnpoeoauMoctd. Tem ne MeHee, Habmo-
[aeTcd cHpeleNnceHHad KOHLEHTpanwA YCHNuHd BOKpYT He-
CKONBKHX mpobneM. OpuoM W3 Takmx npo0neM ABAACTCA
RIyICHHE POJIH 3AMCHICHHA B C/IOAX (WM JIWHHH) Melb —
KHENopod. XOPOIio H3BCCTHO,HAMPEMED,9T0 AMEHHD B TUT0C-
k0eTH Cu-O ocynISCTBIACTCA NPOBONHMOCTE B WTTPHEBRIX
MeTawiokepaMukax. IlosTomy npeacTaBnfeTca ocobeHHo
BAKHLIM APOCISHUT, KAK H3MEHMOTCH DHIHdecKue CrOCT-
Ba CBEPXAPOBONMIIAX OKCHAHBIX CHCTEM INPH 3aMENeHHH
MeIR pazTaTHBIME MEeTAJLTAMH.

BO3HHKHOBEHHE CBEPXNMPOROIAIEre COCTONHRA B CHCTE-
me YBa;Cily MO 525 (M=8n, Fe, x=0; 0,01; 0,1; 0,2) ceaza-
RO C NPOLECcOM YNOPAROUEHWA KUCTOPOAHWX BEKAHCHI B
pemoukax Cu(l)-0-Cu(1l) {1-3]. CeepxmporonAmas opTo-
pomGuueckad ¢aza B obpazuax YBa,Cu, M, Ogsis (M=Sn,
Fe, x=0; 0,01; 0,05; 0.4), cuHTe3MpoBaHHBIX HamK [4,5] ¢
KpHTHYECKO#H TOUKOH B 06nacTH Temnepatyp 85-9 1K, Habmo-
Aanach OpK COAEpKaHuM KHCnopoga & = 0,55-0,35, 410 Aoc-
TAFANIOCH OTKHTOM 00pa3igos B aTMocdeps KMCIOPOIa ¢ mo-
CHCAYIOWHNM OXTaKACHHEM HURE TCMICPaTYphl (ra3joBHX
npeBpanicHAi. PasMepri 3epeH momydeHHBIX o0pasnos Kepa-
MK YBaCuy, MO, i OBUIH pasHE! 5-15 MKM, & TUIOTHOCTE
cocramyana 4.5 rfem”. Il BRIACHEHHA (pa30BLIX COOTHOWE-
HHM TIpH CHHTE3¢ KepaMMKHA NPOBEREHR! AepHBaTOTPaduye-
CKHe Y PEHTTeHO(AZ0BhlE MCCIEfOBAHMA BceX obpazuob.
Kpeseie ATA, TG # TG mokajanm, 4To M/ BCEX CHHTE3H-
poBaHELIX cocTaROB JATA-KpUBLIE MMEIOT ONMHAKOBLIN B
2 sx3orepMimeckHx B 2-3 3HporepMHyecknx ahdexta Ha
KPHBhIX HBIPeBaHus W 1 wid 2 3IxsorepMHYeckuX dekta
HA KPHMBBIX OXMaxacHAx (puc.1}.

Kak BHARC H3 pHC.], MpH 3aMCIUCHAH MCZH ONIOBOM B
YBa;Cus.»50,04 545 B 00nactu Temneparyp 633-733 K opr
x={; 0,2 u 0,4 nabmonaerca npeBec B cpenHenm Ha 1,1-1,57 %,
Haunnas ¢ 1243 K, npoHcXoadT ¢cTyneHIaTad OOTEPA MAcCH
ofpaslia Npe KLKAOM PHACTEpMIueckoM spdexTe u ¢ pas-
awraHol ckopocTei0. TTocneanee HaxXORWT CROE MOATBEPAIE-
HUE U ¢ A3HHBIMH, NpUsenEHHEIME B pabore [6].

Tak kak B GOPMYNBHOH €MHHHUIE HCCHEAYEMBIX COCTABOB
comepxaHue KUCIOpoAa cocTaBiser 6,5, a §=0, To no miMe-
HEHHIO MacCH O00PAILIOB MOXHO ONPERENHTS IHAUSHHE &, KAK
B BCx0AHOM cocTaBe YBa,CusOg ey , TAK M B 33MEIEHHBIX
ONOROM COCTARAX MpH MOOLIX TeMTepaTypax.

Hiamerierpe Macch! BO BeeX obpaammax coctara YBa,Cug, SnOssis
(x=0,1-0,4) umeeT noAUTEpMUYECKHA XapakTep. B TeMmepa-
TYPHOM HHTEpBane 633-733 K m3MeneRnAe mMacce ofycrnosne-
HO HiMEHEHREM CTEXHOMETPHN 0o Kuchopony 5=0,1+0,27; 8

723

Puyc. ], lepuparorpammnl caepxnposoannkos YBa;Cus  Sm 0 sux:
a-x=6-%=02;8-x=04.

obnacrr Gonee Barcokx Temmeparyp (1253-1308 K) & mpu-
HnaMaeT snadenme ot 0,4 no 0,5. B avanasone 1308-1358 K
3Hayenmt § coorsercTByOT 0,96-1,0, COOTBETCTBEHHO, YTO
CBHAETENBCTEYET O NEPeX0oae poMOOIIpHHEcKoR CTPYKTYPh!
B TEIPATOHANBHYIO M, KAaK CIEACTBHE, 3TQ BEIET K MOTEpE
CHEPXITPOBOAAIMX cBOHCTE,

B crcreme (1-x) YBayCusQ4 545 -x5,0; B obnacTs KoH-
LeHTPAnKH JMOKCHAA ofnopa 20 Macc.% MONy9cH8 HOBad
CBEPXITPOBOAALIAd KepaMHKa cocTaRa YBa;Cuz g Sn o204 54 ,
KoTOpaa mnasaTea ¢ jmmuccommammed npu 1493 K [7.8] ¢
T K, AT=3 K; pm,,=7x10'3 OM-cM.

3neKTPOCONpOTHRISGHHS CHMTEIMpCBRHHBIX  obpasuos
cucteMu YBa;Cuy,, SnyOg g H3Mepsiioch HeTHIPEXSOHAO-
BHIM METOZOM Nipu Tokax 27-800 MRA B umTepBane Temnepa-
TYp OT TenMeBo#t no koMHATHOR. B kadecTse KOHTAKTOB MC-
nonb3opancs WHAMA. TemmepaTypa HIMepsmack Medb-KOH-
CTAHTAHOBOH TepMmonapol M cTalumu3zHpORanack NocpeacT-



H.A. JIOBOBA

BOM perynATOpa HANPAXKEHHA PU®-101 BC u PUD-101 BP,
NOFPEILHOCTE M3MEPEHIA TEMNePaTyps! He npeesiama + 0,5 K.
JlomycTHMas OTPEEIHOCTE M3MEpEHUS YIeNbHOMO SMCKTRO
CONpOTHBIEHHA B OGIACTH CBEDXMPOBOAAUIEIC TNEPEXola
cocrapnana 8-12 %, a B 06nacTH TEMOEPATYP ~100K-23%
_OT vaMepAeMoi BETHYHHEL

AHATHTHUCCKA MHTCPTPETaUMs TEMNEpaTyYpHOH 3amu-
CHMOGCTH IMEKIPOCONPOTHRICHAS O { T) CHHTEIHPOBAHHMIX
marepianos YBa,Cus, Sn xOgs5 (puc.2) MOKa3bIRAET, HTO
npu 0,1<x<0,2 TeMmepaTypa CBEPXMPOROMAMETO Hepexona
T, nospinreetca Ha 5 K. flansHeiiuiee yBeNMUEHHS KOHIIEH-
TPaUHK ANOKCHAA ON0BA HMPHBOAKT K NOHIWKEeAWo T, H NTPH
x=0,5 TnNPOHCXOOHT TONHa® TOTEPH CRepXHPOBOLA X
cRobicts kepamuxs YBa;Cuy s 506 15, HTO COMNACYETCR C
[AHHBIMH TEPMITIECKOro ARANU3A H KHHETHMeCKHMH pactc:
TaMH.
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Puc.2. Temnepatypiad 3a8UCHMOCTE YACARHOTO INCKTPOCONPO-
rupnedns 109 00pasuoB cocrass YBayCu. S0 Qg a5t
pax=0,1:2-%=0,2;3-x=0,3;4- x=0,4; § - x=0,5
(s NoTapHPMHUECKOM macrabe).

M3 TemmepaTypHOH 3ARHCHMOCTH TEPMOIAC, Oy I HROH
uaMH 1AS  KOBOTO  CBEPXTIPOHOARINErD  COCOHAGHMA
YBa,Cu, 550206 515 (PHC.3) CTEMYET, HTO HMEHHO OpH TpH-
BHIKeHKY K TeMIepaType CBEpXTPOBOIAMIEr0 Mepexold
7.~91K xpuBas ¢ (T) KPYTO NALIET K & oOpaacTen B HyAs
npu T .a 2T0 TOATEEPHIAET HaJliaHe CEBEpPXTIPOBOAALIHX
CROMCTS B CHHTE3MPORAHHON HAMH HOBOH CBEPXIOROIALIEH Ke-
pavky YB2;CuygSng;Ogsis- SHAUEHHA o,
KO 4TO CHHTEIMpOBaHHOM oOpadite H Ha TOM X¢ obpa3ue
crycTs 1 MecAL, KauecTBeHHO HE MCHIIOTCH. B ofnacTa TeM-

MIMEDEHHBIE HA TOJb- -

TiepaTyp BHIlE T, 3TH 3HAYEHHA OTIMIAOTCA APYT OT Opyra
B npencrax 5 “.
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Puc.3. TeMIepaTYPHAA 3aBHCHMOCTh TEPMOBIC COBAHHEHHS
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Tlpu 3aMemmendH MEAU Xere3am B CTEXHOMETPHUCCKOM
coctase YBa,Cu;Fe,Ogs:s TipH koHuentpaitiu Fe;Os or i
10 30 Macc.% OEINO YCTAHOBSIEHO,UTO MPOHCXOAMT BHEAPS:
HMe HOHOR XKefne3a o 10 Macc.% B KATHORHYIO NOJPSLICTKY
memt, C mOMOIO Mecc(ay3poBCKoil CTISKTPOCKONGH 5,10] na
supax Fe” woenenonatint chorictea YBayCus,Fe,Ogus mpit x=0,01;
0,03; 0,05; 0,1. Vs anamsa AT'P-criexTpa YBayCuooFeg 1Ogeas IPH
300 K MOKHO NPeANONONKHTE, UTO ATOMBI KENE32 3AMCINAIOT
B MaTpyle Gapuil-MTTPHERON KEPAMHKW fiBa KprCTanmorpa-
¢yecks OTTHYHEIX MECTA aTOMOB MEAH. Kamaoe u3 Hedk-
BHBATEHTHLIX TIONOXEHMH NaeT BKNaj B CIEKTD & BHAe Ay0-
nera. C poctom koHuenTpawny Fe'’ TeMneparypa caepxnpo-
BOIALIETO Tepexods T. MOHOTOHHO MOHMAKacTCH ¢ 87 K
(x=0) no 84 K (x=0,1). Caepxnposoagminii repexon B 06-
pasax YBaxCuygFep 1Oss:s CONPOBOKAACTER nepepacnpe-
NeNeHHeM MHTCHCHBHOCTA ANGPAaKUMOHHEIX MAKCUMYMOB B
uHveprane yrnos 26, 37-38°%; 57-58°; 66-68°; 72-76°, cooT-
BeTCTEVIOIINX OTPKERUAM OT NAOCKOCTEH THNa (100);
(200); (213); (206), COOTEETCTBEHHO.

B okcuanbix cociuteHrax R-M-Cu-O HOHbI MeTANA 110-
BLIAIOT BATCHTHOCTS MEZR OT ABYX A0 Tpex (Cu™'—»Cu™).
3T0 NPUBOANT X TOMY, 9ITQ 3d-ofomOo8KA HOKOB MEeIN Noms-
pusytoTcs B kommnekeax Cu-O. Kpome Toro, B 3THX CHCTE-
MaxX HMEIOTCR BAKAHCHM KUCIOPORA, MOSTOMY WX MOMHO
saMellaTh 3MCMEHTAMM, YBEIMUHBAIOUIHMY  [EPEKPBITHC
oboitouek. '

BuiaroAaps RATHUHIO PASHBIX CRO0EB B COSIHHERHA YBafmOns,
TNOYTH FYCTHIX MO KHCNOPOXY, TIOCHEAHNA MOXET ROCTATON-
no GuicTpo AMdGYHIPOBATE M NIPH CPABHUTENLHO HMIKMX
TeMNEPATYPax. 270 M TIO3BONAET MOYYATD o0pasiml ¢ BBICO-
KUM COREPXKANMEM KHCOPOIA, BRICOKOH OAHOPOAHOCTEIO M
bpexroM MelicHepa, GIHIKUM K UECAILHOMY .

BmecTe ¢ 3THM BLIABJSHHE B3aHMOCBA3H W BJUAHHA 3a-
MEmAIOMIET0 METANIA Ka CBEPXTIPOROAAIINE CBOHCTBA Kepa-
MHK 36T BOIMOXHOCTb YNpasNeHus (uairiecKiMu CBOHCT-
BEMH M paciuMpAeT 0ONAcTH WX MPHMEHEHRA.

1} Y. Nakazana, M. Ishikana. Physica C., 1989, v. 158,
- p-381-384.
{21 O.FLimaRF GardinuS.Gamal Torriani 1EEE Trans-
actions on magnetics, 1989, v. 25, Ne 2, p. 21712174,

18

{31 S.MSorgensen, M.D.Beno, O.G.Hinks et al. Phys. Rev.
B., 1987, v.36, p.3608-3616.
41 XM Hawaes, P.M. Capdapas, H.A Dwbosa u

ap. A.
COXT, 1992, 1.5, Ned, c. 719-723. :
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[S] RM Sardarly, NA Byubova, E. Mardukhaeva. noea, H.A.wboea Tlpenpunt Ne269, Baxy, 1988, HPAH
“Physics of multicomponent semiconductors”, Baku, Asepf. Pecn., c.23.
1992, Booklet of Abstracts, p.56. {91 K.I" Bynugmos, B A. Anues, HIL Hamasos, P.M. Cap-
[6] M Edward A.EnglerR.Y. Chemistry, 1987, Ne7,p.8-32, oapasi, H A, Dwobosa, C.C. Arues, I'I. Hepandunpas,
[7] CA. Manaxaade, H.A. 3iobosa, IUX. Camanosa “On- F ixanuee. Mexaynapeannifl ceMuHap
JHKQ-XHMHA # TEXHOJIOTHA BBICOKOTEMITEPATYPHBIX CBEPX- “ITpumenenne SATPC B MCCNENOBAHMAX AMOPPHEIX
nposoaaupix Matepranos”. Tpymwt 1 Beecowos. Cos. M, CMAABOE M BHICOKOTEMIEPATYPHLIX CBEPXMPOBONSUIMX
1989, c. 164-165. Marepranos”, AnMa-Ara, 1990, c. 35-39.
(8] XM awnaes M A Asdxcanoe,C.I.T) Ymbamos, A1 Axcab- [10] B.B. Boiko, F.P. Korshunov, G.V. Gataiskii. Phys. Stat.
Gapoe, M.T. Kacymos, C.A. Hanax3ade, Hi X Cawma- Sol. (a), 1988, v. 107, p. K139.K 144,
N.A. Eyyubova

L

YBa:CuzxM:Ocss; (M = Sn, Fe) SISTEMINDS IFRATKECIRICI FAZALARIN XUSUSIYYSTLORI

Berk faza bigirme iisulu ile ifratkegitici YBapCus o MOgsa5 (M= Sn-0<x £ 0,4; M=Fe - 0,01 £ x £ 0,1) birlegmels: alinmig ve tad-
qiq edilmigdir. Misi qalayla avez etdikde nimunelsr x-in 0-dan 0.4 giymatina qoder ifratkegiricidirlor va onlarin faza kegidi tempera-
turu T, =85<91 K intervalindadir. X-in 0,2 giymetinda veni ifratkegirich YBayCu;y M, O 5.5 keramikas) ahnmugdir: T, =91 K; 4T=3
K; p,0=7x10" Om-sm. To=1493 K-o boraberdir. Misi damirle ovez erdikde faza kegidi temperaturu 87 K-dan (x=0) 84 K-e (x=0,1)
gader monoton olaraq azahr. Messbauer spektrine esasen xs0,03 oldugda askar atomun yaxinliginda bir nege klaster smele gelir,

N.A. Eyubova

THE SUPERCONDUCTING PROPERTIES OF PHASES IN THE YBa,Cu,.,M, 04 s:5 (M = Sn, Fe) SYSTEM

The ceramics compositions of YBa;Cy M, O s (M =~ Sn - 0 £ x 5 04, M=Fe » 0,01 < x < 0,1) were prepared by solid state reaction.
The substitution of Cu by Sn at x-=0 to x=0,4 the obtained samples are supcerconductors with T, =85+91 K. The new superconductive ce-
ramic compound YBayCuy M, Ogsss With To = K, 4T=3 K, o 0=7x10" Om-sm Tpe;~1493 K has been found. It is noted that the tem-
perature of superconducting transitions monotone decreases at the substitution of Cu by Fe from 87 K (x=0) to 84 K {x=0,1). In accordance
10 spectra of the Messbauers at x<0,05 the atom impurity has been formed some regions of clasters.

Mama nocmynaenun: 20.09.00 Pedarmap: J 1. ABdunos



FIZIKA

2000

CiLD VI Ne 4

THREE-JET DECAYS OF HIGGS-BOSON

V.Z. MUSTAFAYEY
Baku Stare University
Z Khalilov st. 23, 370148, Baku, Azerbaijan

The 3-jet decay of the neutral Higgs-boson has been discussed on thc. basis of H' —» g3y Subprocess. The general expression for the

differential decay width has been obtained in the lowest QCD order, which was analysed for the case, when one of the jets (Quatk) is a
leading one. It has been shown that contribution of an additicnal Gluon component inio the 2-jet decay amounts to several percent.

1. At present the non-abelian gauging theory with
spontancous broken vacuum symmetry, put forward by
Glashow, Weinberg and Salam (1), is considered to be the
Standard Model of electroweak interaction. The model
describes brilliantly the data in particle physics up to the
experimentally obtained energies ~ 200 GeV ems. Such
predictions of the model as availability of weak neutral
currents, presence of heavy vector bosons W, Z¢ etc. have
been confirmed (2). However, the model can not be
considered perfectly reliable until such important component
as Higgs sector has been experimentally discovered and
studied. As known, it is required to have, at least, one massive
neutral scalar boson, ie. Higgs particle, in the Standard
Model. The mass of the particle is not fixed in the model,
being its free parameter. A number of consideration allows for
establishing quite broad limits for this mass: 7 GeVSmyS 1
TeV (3). The existence of such a particle (or particles) has
net,yet been confirmed by experiments. To find it, is the main
direction of studies in the big laboratories of the world.

Accordingly, the theoretical analysis of various reactions with
Higgs bosons, specifically all possible decays of the particle
outline the topical problem of today.

2. The paper reports on the 3-jet hadronic decay of neutral
Higgs boson that develops as a result of the fundamental sub-
Process:

H'(p)—>q(p,)+a(p,)+g(k) m

where ¢§ is a pair of quark-antiquark and ¢ is gluon (4
momenium of particles is indicated in brackets). This is the
fragmentation of final particles into hadrons that leads to the
formation of jets.

In the lower order of QCD, process (1) can be described
by the following diagrams:
The matrix element which fits the above mentioned diagrams
has the following form

q(py) q(py)
g(k)
0
") o)y HD)
q(-p)
q(-p))
. _ LA i(p,tk)-m  i(h,rk)-m A,
= - - — - 2
M ‘8:83‘?’(?)“(?2){9 2 (py+ k) +mt (p, +k): +mt 23 u(—p;) 2
Here ¢(p), U(p:}. u(-p;} are the wave functions of  and fermion is proportional to the fermion mass:

particles H’, g @, respectively; e’ = f,}/ PRAL e: is 4-
vector of gluon polarization, A* are Gell-Mann’s matrices

{a= I_é ), m is the quark mass, and g is QCD constant of
the quark-giuon bond. The coupling constant of Higgs boson

g, = (-JEG )1” 2, where G is the Fermi constant.

The summing over polarization of final particles yieids
the following expression for the square of the matrix element

M| =64g7 gl F 3
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m. me Im-m; -
F=[2m2__ﬂ Tttt " 2kPJ+(kP) ’ @
X, X XX, XX,
where x;=kP,.
The differential width of decay for the bosen in rest can be
expressed with the help of square of matrix element by the
well-known method:
M d&p, - d&p, %k
2my, (2 ) 2E, (2x ) 2E, (27 )’ 20
where my accounts for the mass of Higgs boson. 1
. Letus analyze this expression for a condition when one of _ J26 a, s
Jets, say, a quark one, is leading. As well known, this takes r ---—3——-N My Z-mo (%)
place if other two particles move together in the opposite in g

direction. Assuming that £ and P; vectors are collinear and

integrating with respect to all parameters, except for the
energy of the leading quark, we obtain:

| 2G 2 2
dr = 2‘/_3 % PiPr FqE, (6)
zmy  af(my~E,-p,)
2
Here ¢, =;~“"-, energies of antiquark and gluon are

expressed through the quark energy:

E =(mH—E‘,-p2)2+m2 _ my(my —-2E,)
J wfmy —E,—p, ) 2(mH“E2“P2),
(N

Let us assume that mass of the Higg boson is very big, i.e.
my>>m  (this supposition will be discussed further below).
Then, neglecting where possible the quark mass, we obtain the
following for the total width of decay into this channel:

I'=

®

Pl

ﬁGG’s 2
w

And, at last, summing over the quarks colors with factor
N.=3 and by their flavors we will obtain finally for the
width of jet decay

For an observer the decay discnssed above will look as 2-jets.
Therefore, it is interesting to compare the obtained formula
with the width of an ordinary 2-jets decay on the basis of

0 ” .
H™ — g§ reaction:

F=J2_G
3

Ny Yo il - 4m? fm}) (10
q

The summation in (9) and (10) includes all quarks with
m .
masses m, < --f— Since Higgs boson has not been found at

energies < 200 GeV, this condition is obviously true for u, d
s, G b (mg<<my) quarks. However, it is dispuiable for t-
quark with estimated mass of m~170GeV If my<2m. then -
quark is not included in the sum and, therefore,

I ZEI!S . . .
— & —— ~0,05. Provided the mass of Higgs boson lies

Fﬁ T

in the range of few m,, this relation increases twice, Higher
values of my>6m, are beyond of / TeV, and there is no sense
to consider them. By this means the contribution of invisible
gluon component into 2-jets decay amounts to several percent.

[1] .L. Glashow.Nucl. Phys. - 1961, v.22, p.579.

[2] S Weinberg Phys. Rev §. Lett. - 1967, v.19, p.1264.

f3] Salam. Elementary Particle Theory. Ed.N.Svartholm.-
Almguist and Wiksell, 1968.- p.367.

(4] G Armison et al. {JAl-Collaboration), Phys.Lett,
1983, v.[122B, p. 103,

41

[5] M. Banner et al. (UA2-Collaboration), Phys.Lett. 1983,
v.122B, p.476.

[6] G. Armison er al. (UAl-Collaboration) Phys.Lett,
1983.- v.126B, p.398.

[7] P. Bagnaia et al. (UA2-Collaboration), Phys.Lett. 1983,
v.[29B, p.310.

{81 L.B. Okun. Leptons and Quarks. - M.: Nauka, 1990.
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HIQQS-BOZONUN U SIRNAQLI PARCALANMASI

Isde neytral Higgs-bozonun HD - ggg altprosesi asasmnda G¢ sumaqll pagcalanmasina baxiir, KXD nezeriyyesinin esas
yaxmlagmasinda pargalanmanin differensial eni dgin #imumt dostur hesablamr, ahnan ifada yitksek enetjili kvark hals Ugiin aragdiethr.
Gaostarilir ki, qliionun iki strnaqli par¢alanmaya verdiyi elave bir nege faizdir,

B. 3. MycTadaen

TPEXCTPYNHBIA PACIIAX XHITC-BO30HA

B pafoTe pacMaTpHBacTCA TREXCTPyiHmit pacnaa wefirpanenoro Xurrc-Go3ona Ha Gase noanpouecca # o ggg . B HlieM nopaaxe

KX nomyseno ofites BhIpAXKEHNS ANA mupepenupancrol WHPHHLI Pacnass, KOTOPaX NPOARATHIUPOBAHA B CAYHAC, KOLAA OLHA H3 cipyh
(kBapkoBan) aBasetcs nuanpyromefi, [lokaano, uTo BKAAL ACTOMHUTEISHON TAIO0HHOH KOMNOHEHTb! B ABYXCTRYHHBIH pacnan COCTABIACT

HECKOMLKO MPONSHTO.

Hama nocmyrrensn. 21.11.2000 Pe&axmop: HI dxcapapos

1%
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FREE -CARRIER ABSORPTION IN SIZE-CONFINED SYSTEMS IN A QUANTIZINQ
MAQNETIC FIELD

H.B. IBRAHIMOV
Institute of Physics, Academy of Sciences,
Azerbaijan Republic, Baku-143. Pr. H Javid 33,

The theory of frec-carrier absorption is developed for size-confined systems in a quantizing magnetic field for the case where the carriers are
scattered by acoustic phonons via the deformation potential coupling and the radiation field is potarized perpendicular to the plane of the layer.
The free-carrier absorption coefficient is found for the case nondegenerate electron gas. The free-carrier absorption is found to be an oscillatory
function of the magnetic field. The obtained resuits are compared with those of the theory of free-carrier absorption in the absence magnetic field,

In the last years the size-confined systems in the presence of
a magnetic field have been the subject of numerous
experimental and theoretical investigations [1,2). In quasi -
two-dimensional  systems magnetic fleld, which s
perpendicular quantum well, transforms the continium ¢lectron
and hele energetic spectrum to discrete spectrum. Appearance
of discrete level should essentially influence on optical
properties of quantum well structures. The theory for free-
carrier absorption in size-confined systems is well developed,
when the absence magnetic fields [3-6]. In these papers the case
when the radiation field is polarized parallel to the layer plane
is considered. The theory free-carrier absorption in n-type
GaAs films has been investigated (7] for two special cases: the
radiation field polarized parallel to the layer plane and the
radiation field polarized perpendicular to the layer plane. The
theory  free-carrier absorption in semiconductors in the
presence of a quantizing magnetic field has been studied [8)
and it was found that the free-carrier absorption coefficient
depends upon the polarization of the radiation field relative to
the direction of the magnetic field. When the radiation field is
polarized perpendicular to the- applied magnetic field, then
cyclotron-resonance absorption of the radiation occurs, We are
interested here in extending the theory of free-camrier
absorption in nondegenrate semiconductors in quantizing
magnetic fields developed in [8] to the case of quasi-two-
dimensional semiconducting systems.

In this paper, we will present a caloulation of frec-cairier
absorption for longitudinally polarized radiation- in size-
confined systems in the presence of a guantizing magnetic field
with acoustic phonon scattered via deformation potential
coupling as the dominant scattering mechanism for the carriers.

For the size-confined systems we assume quantum well-
like structure with an infinite quantum well in the z-direction.
The magnetic field H is applied in a direction perpendicular to
quantum-well layer (ie., perpendicular to the interfaces).

Adopting a single-band spherical effective mass model forl

< flH |« xa'_?;'i>+<f|HR|i >< fV o >

electrons, the one electron cigenfunctions ¥, and energy

eigenvalues Ey; are given by

)l' R o 7:2;32
Er:f = (” +E]ﬁ&)5 +1 Eﬂ Eﬂ = m
42 )

Y ik, =

; Inz
L @ _ ik,y . e
ia] % (x—x, )" si y ]

where n=0,1,2.., 1=1,2,3,.. dis the thickness of the layer
and m* is the effective mass of the electron. @, represents the
harmonic oscillator wave function centered at x,=r°K,

L
with R = (fc/ eH)A being the cyclotron radius, and o
=eH/m*c the cyclotron frequency. n denotes the Landau level
index and 1 denotes level quantization in the z direction.
The free-carrier absorption coefficient can be related to the

quantum-mechanical transition probability for the absorption of
photons [8]

8:‘;2
a==—>Wf, @

N

Here ¢ is the dielectric constant of material, n, the number of
photons in the radiation field, /. is the free carrier distribution

function and the sum goes over zll the possible initial states of
the system. The transition probabilities #, can be calculated

E -E,-ho,

BES) Z(

fle

Here E;, E, and E,. are the initial, intermediate and final
state energies of the electron, Hy is the interaction Hamiltonian

using the standard second-order Bom golden rmle
approximation:
2
xSE, ~E, ~hQ - ho 3
E -E,-mQ J (&, y (

|
between the electrons and the radiation field, V. is the

scattering potential due to the electron-phonon interaction, and



HB. IBRAHIMOY

hi2and hew are the energies of the photon and phonon,

respectively. |

The matrix elements of the electron-photon interaction
Hamiltonian using the wave functions are

cos|x(l '-1)] N 1-cos[z(I+1 ))

m*

: W
<k;nrriaﬂtkynz>=_ﬂ[£%] L[f

&202,] d

Here the radiation field is polarized perpendicuiar to the
plane of the layer.

The electron-phonon scatiering potential when deformation
potential coupling is the dominant interaction mechanism is [§]

12
V. =| —mmee | g explig-r (5

<kl kT

¥

Here

2" N
Arle.)== [tz exp(fq,z)sm(
0

1/2
k,,nl = ["2?;—2'5"} Ed&;«’ky +qy‘frr'n(‘}.x :qy )Aﬂ"(qz)
1]

I’fr.z] ) (1&)
—— [sin| £
d d

& k Snn' 4
P I ] S @

|
Here Gis the phonon wave vector, &, is the deformation

potential constant, p is the density of material, vis the sound

velocity, Tis the absolute temperature and £2; is the volume of
the crystal.

The matrix elements of the electron-phonon interaction
Hamiltonian, using the wave function of E, (1), are

(6)

Inl0.0,)= Jasexlio, 0, (x- Bk, - Rig, Yo (s~ &'k,

using Egq. (3)-(6) in (2) and also the following praperties of the
integrals [9]

:ﬂ'}m'(qx’qylqudQJ. =F -

2k, Tele’n,o shhaw, / 2k,T)
a'(H)= 09 im* e R0
pIym¥ e d Rady

xé’((n} -n ha, -r-(lj’r —lf)E‘, -h.Q)

ngipmd, 1

Y

where

2220y

@

2z 1
Avle. Y do, = 21435,
aﬂ ) ] d 2 {7

we obtain the following expression for the free-carrier
absorption coefficient for acoustic phonon scattering

I 1
exp{— EEFI:(”‘ + E)hmc + Eﬂllz]} ) g-’ﬂd" X
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cosxll, +1)]

1ol 1), 1

(14187
A 2 |

\ I, =1 YT
g = . -
T
[ 1-cosall"-], ) 1-cosn(i*+1,) T
1 =r" L+

Where we have used distribution function for a quasi-two-
dimensional nondegenerate electron gas in the presence of the
magnetic field

R

I .
: [1‘ +—2—ﬂfi J

£, = 27, dR shlhao, 12k, T " cxp{— -El;[(n %}m " Eozl]}

B

Where ¥ = Z exp(- Eﬂa’z / kBT) , N is the concentration of
7

the electrons and E; = E, / hi2

In the quantum limit, # free-carrier absorption coefficient takes
the particularly simple form

T /2

kg Tele n a)
alH)= 2 dl{: 3 ZZ( ” 8-
cpd m*e th,,f; T d [fw .
wher-e I; _1:._.’ a)c, = a?c )
ko2 2

We replace the Dirac deltz function in
Lorenizian of width I .

From E; (7) and £ (8), it can aiso be seen that the free-
carrier absorption coefficient decreases with increasing photon
frequency and increases with increasing temperature. The free-
carrier absorption coefficient show oscillatory behavior with
magnetic field and decrease with increasing well width. The
magnetic field dependence of the free-carrier absorption is
From expression (8) and (9) we can express our results in terms
of the dimensionless ratio of the free~camrier absorption

E; (M) by a

(8)

(: -1)E, -l]i. ZE-I“;&]Q

Iexplained in terms of phonon assisted transitions between the
various Landau levels of the carriers.

Using the zero-field expression for the free-carrier
absorption coefficient longitudinally polarized radiation in n-
type GaAs films for the carriers, which are scattered by
acoustic phonons [7]

a:(O) =

er"n k,TE2

O pSims dSZF ©,1,E,)

)

coefficient in the presence of the magnetic field to that in the
absence of the field
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(10)

In this form, the ratio depends only upon the magnetic field, | aterial although, of course, the absolute value of the
absolute temperature and photon frequency and does not  absorption coefficient does depend upon the numerical values
depend upon such material parameters as the values of the of these parameters.
deformation potential, sound velocity, or density of the

[1] A.H. Mac Donald. Solid State Commun. 102, 1997, 143 [6] V.L.Gurevich, D.A.Parshin and K.E.Shtengel. Fiz. Tverd.

[2] EP. Sinbyvski, EI Crebenshicova. Jh.Eksp.Teor.Fiz, Tela. (Leningrad) 30, 1988, 1468. '
T.116, Nob (123, 1999, 2069. [7) Wu Chhi-Chong and Chow-Jy Lin. J.Phys: Condens:
[3) H.N.Spector. Phys.Rev.B v.28, Ne2 1983, 971 Matter 6, 1994, 10147.
14) H. Adamska and H.N. Spector. J.Appl. Phys.56, Ned, 1984,  [8] ER. Generazio and AN Spector. Phys.Rev.B. v.20. Nel2,
1123, 1979, 5162.
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H.B. [brahimov

MAQNIT SAH8SINDS MOHDUD OLCULU SISTEMLORDS S6RBOST
v KDASIYICILARINDAN ISIGIN UDULMASI

Olgilis kvantlanma istiqgametinde yonelen magnit sahesinde yerlegon mahdud il sistemlerde gefesin akustik reqgslerinden sepilen
halinda serbest yikdasiyicilarmdan isigin udulmas todgiq edilmigdir. Elektronlann cirlagmamiy hahnda belo sistemlarda udulma amsah
{iciin ifade alinmigdir. Mueyyen olunmugdur ki, udulma emsahnin maqnit sahesinden astihit ossillasiya xarakteri dagiyir. Ahnmig natice
maqnit sahesi olmayan halda olan naticeletle miigayiss olunmusdur.

I'.B. Hoparnmop

MOTJOUIEHME CBETA CBOBOAHBIMH HOCUTEIAMU B
PAIMEPHO-OT'PAHHYEHHBIX CHCTEMAX B MATHHTHOM I1OJIE

HceneloBaHO NOTNCIGEHAE KHOPAKPACHOFD IMCKTPOMETHHTHOT HIRYHEHN cBOGOAHEIM XPAIMABYMEPHBIM MEKTPOHHBM TH30M, PacceiHHE
KOTODBIX MPONCKOANT Ha AXYCTHHMECKHR konebaHHAX peme’rxn B pamepuo-orpauuqenﬁux CHMCTCMAX B MACHWMTHOM NOJE, HanpaBAeHHOM
MAPANTEALHO OCH TIPOCTPAHCTREHHOTO KBAHTORAHHA. oAy4eABl BRIPAKEHHA WA XOIPOHULHCHTa NOrAOLICHHA B Taxoll chacTeMe B Cyuae
HEBLIPORIEHNON CTATHCTURH 3NCKTPOHOB. Hafiicno, MTO 3aBHCHMOCTL koadPpULFEHTA TOMNOLICHHA CRETA OT MAYHHTHOTO MOIA HOCHT
OCHUNIIUAEOHHKIA XapakTep, [IpoBeacHe CpaBHEHNHE NIOMYHEHHBX Pe3yBTATOR C HMEHOLTHMHCA IR CAyYas 3 MATHATHOTO NOJIA.

Jama nocmynaenus: 16,10.2000 ' Pedaxmop: ®.M. aneumsace
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POJIb 3APAKEHHBIX OCTATKOB B TIPOCTPAHCTBEHHOM
CTPOEHHH NEHTAIIENITHJA UMMYHOTIJIOBYJ/IMHA E YEJIOBEKA.

[A. ATAEBA
Baxunckuii l'ocyoapemsennsiii Yuusepcumem um. M. 3. Pacyazaoe,
370145, 2 Eary, yn.3. Xarunoea, 23.

Metozom TeopeTHHeckoro KeHOPMALIMOHHON AHAMM3A HCCNSIOBAHO IPOCTPAHCTBEHHOS CTOCHHE NIEHTANSNTHAR ASp-Ser-Asp-Pro-
Arg, BKTIOMAIOLIETO AKTUBHLIA LUIEHTP HMMYHOTROGYNUHA F 4enoBeka, M HYETHPEX €ro cTPyKTypHbix ananoros [Asn'], [Asn’), {Arg’] B
[Asp',Asp’,Arg’], Buio MokazaHo, ¥TO 3TOT NEHTAMERTHI B HIUONOTHIECKIX YCIOBUAX CROCOBEH GOPMHPOBATE MiBe HOXORWE HIO3AEP-
TETRYHbIE KBASHLIMKAMYECKHS CTPYKTYPSl. KOHDOPMAIIHOHHRIA aHANME AHANOTOR NEHTAMERTHAA HMMYHOTIOGYIHEA £ ONpENeltI, ¥To A
o6pa3sosanna cTabHnLHOR KBAIHUHKINMCCKOR CTPYKTYPE NPHPOAKOH MOAEKY/IBl HEODXOONMO HATHYHE BOEX JAPIMEHHRIY OCTATKOB,

HmmynornoSynusbt E (ITgE} ABMATOTCA CCHOBHBIM Kac-
€OM HMMYHOITIOOYNIVHOB, OTBEYAIOWINX 34 ALIEPIHYECKHE
peakuns. Iosromy Gomsme#l HaydHBIE MHTEpEC mpexcTap-
NAWOT CHHTETHYECKME NENTHRHEIE TIpenapaTH, CHocofHbIe
GnoxrpoBaTe yHKUHOHANEHEIE BOIMOKHOCTH IgE., Onpe-
Aenenye (GYHKUNOHANBHBIX H KOHGOPMALHOHHBIX CBONCTB
TAKHX TIENTAAHBIX COSOMHeHHN MoskeT ctecoBCTBOBATE CO3-
JaHMO HA WX ocHope Gojtee >(OCKTHBHAIX NCKAPCTBEHHBIX
HIPpenapaToB Kak TepameBTHYECKOe CPEACTEO NIPOTHR amiep-
THH.

B pa6ore [1] Obn cuHTe3HpOBAH NeRTanenTHA Asp-Ser-
‘Asp-Pro-Arg, sxmoualonIyii akTHBHLIE neHTp IgE. Pesyms-
Tarhl GHOMOTHYECKOTO TECTHPOBAHHA B BHAE YCPEAHEHHOTO
OpoLeHTA MHTHOHPOBAHUA Peakiidit THIEPUYBCTBRTENLHOCTH
NOKRAIANM, YTO TOT TIEHTAENTHA B CBODOAHOM COCTOAHUA
cnocoben pramoaedicTROBATE ¢ KOMTMIHMEHTOM TVIHBIX
KNeTOK # NPeNOTRPAACT CBA3LIBAHNE IgE C 3THMH KNeTKa-
M [1,2]. Bsino nokazaHo, YTO 3TOT NEHTANENTUR HE TONLKO
MOXeT HHIOHPOBATE WIH NPENOTBPAILATH CBA3biBaHNEe IgE
¢ TYUHBIMH KRETKAMM, HO TaKKe MOXET CMEIIAT: YXKe CBA-
3aHHMA TgFE ¢ TyuHoH knerku. Ilpeanomaraerca, 4yTo csoe-
ofipazne aMHHOKHCTOTHON MOCNEAOBATENLHOCTH 3TOr0 feH-
Tanentuna obecneyneaet GopMUpPOBAHHE MPOCTPAHCTBEHHO-
IO CTPOEHHA KOMILIEMEHTAPROTO PEIENTOPY, HAXOAILIEMYCH
Ha TyuHoit kneTke. Llenpio HacToAIIero MecnefoBaHHS ObITO
onpeseneHre  KoHPOPMALMOHHLIX 0CODEHHOCTEH NeHTanen-
TAOA TgE uenoreka, ROIMOKHC HEOOXOAUMEIX JUTH IpOABTE-
HUA  ero WHrMOHTOPHOH axTuBMOCTH. JlaHHoe xorpopma-
LUKOHHOE KCCHeNOBAaHWe MeHTanenTHia IgE Mpenmotaranc
TaKKe ONPEIENcHUE PONM KAXZOTO W1 COCTABAMIGUINX €r0
3APAKEHHBIX AMHHOKUCAOTHBIX OCTATKOB B YEKNanke cTa-
GIIsHOM CTPYKTYDBI STOR Monekynsl. Jna 3ot uenx Guinu
paccMOTPEHB  KOH(OPMAUMOKHEE OCOOEHHOCTH YeThIPEX
CTPYKTYPHBIX aHAIOroB NekTanenTuna IgE [Asn'], [Asn’l,
[Arg®] B [Asn',Asn® A1g’], B KOTODBIX 2aDWAERHBIE AMHHO-
KMCAOTHEIE OCTATKH OBbinH 38MELLEHB Ha TIOXO0XKE, HO HeH-
TPaXbHBIE OCTATKH.

METOA PACHETA

Hecnegopanie IPOCTPAHCTBSHHONG CTPOCKHA IEHTaNCH-
THA2 IgE NpOBOAMIOCE METOHOM TEOPETHYECKOro XOH-
GOpMALUHOHHOrO BHAIM3A ¢ HCIIOVIb30BAHHEM CTAHAAPTHOH
reoMeTpuA. IIpy KoHOPMALMOHHOM PacdeTe NEATHAQE YyH-
ThIBANHCh KEBANEHTHEIC H IEKTPOCTATHYSCKHE B3auMoel-
CTBIA, BOOOPOOHME CHYIH H TOPCHOHHBIE MoTeuimantl. He-
BATCHTHBE  B3AHMOACHCTEHA OUEHMBATH MO TOTEHLHANY

Jlenniapaa-Jxoxca ¢ napaMerpamu Ckorra a lleparu [3].
MEKTPOCTATAECKYIO JHEPTHIO PECCURTHIBAIN B MOHOTION k-
HOM TNpHOMDKEeHHN NO 3axoHy Kysioda ¢ HCTIOMbIOBAHMEM
3ap#0oB, tpennomkeHHrix B pabore [4). TMapamerpmsainis
NOTeHUMANBHLIX dyHxuaft Galna anApOKCHMMPOBAHA K yo-
AQBHAM NOJIAPHON cpefbr BEAHYHHA AHINCKTPHIECKOH Mpo-
HHLAEMOCTH NpHHATa pabHo#t 10 {5}, a Bodopoanse ceam,
OUCHHBACMEIEC M0 RoYeHOAATY Mopse [5), npeanonaranuck
ocnabaennsiMi (MakcHManLHaR SHEpria mpu rp =1,8A co-
cragaana —6.2 xk/Mons). TopCHOHHLIE NOTCHEMANL W BE-
MMHKE) 6apEepoB BITH TAKHMKE Kak B pabote [5]. '
[py ofcyxAeHNN pesynbTaToB pacueTs Goulin HETOMB30-
BAHEl MIOHATHA "hopMa” H 'mein” nentuanod uenu [6]. loa
popMoll ocHOBRON LenH MONeXYNR! TIOAPAIYMEBAETCH No-
CNENOBATENLHOCTE  (IOPM OCTATKOB, ONPSHASIAEMBIX HHIKO-
IHEPreTHUSCKUMR OCNAcTAMH R, B, LH PH2 KOHGODMAaIK-
OHHOM Kapte no IBYTpaHHLIM YFJIaM OCHOBROM LenH ¢- .
Pastoobpaznbie opMEl, B CBOIO OUEpeaDb, pachipeeNeHst o
welilaM NENTHAHOMG OCTORA, ONPERENAIOIMM HanpamjieH-

HOCTh XOHa ocHoBHON neny. B cmywae dparmenra uz mpyx

AMHHOKHCNIOTHLIX OCTATKOR BCe HOPMbI OCHOBHOH LENY MO-
ryT GbITL CTPYNIMMpOBaHEl B ABa KMacca — mielinkl ¢ n f
Cumponom e 0603RauaroTca GOpMEL ¢ PAIREPHYTOH OCHOB-
Holi ueneto (BB, BR, RL, PR, LR, PL, LBHU PP), 8 f— co
ceepuyToii (RR, RB, BL, BF, DB, LL y LP). B xanecTee Ha-
YANEHEIX NMpHOMMKEHHA npu pacyeTe kOHQopManmil  or-
AENEHBIX  MOJEKYN MOCTYAMIK Y3BECTHblE THAUEHHA ABY-
TPaHHBIX VITIOB OCHOBHOH ¢, W W GOKOBRIX uenedt y
{60%1,180°=7 -60°=3), cOOTRETCTBYIOMMX HHUIKODHEPTeTH-
YECKHM COCTOAHMSIM MOHOTENTRIOB., OTCYeT ABYTPAEHBIX
YTHI0B NPOBOIAICA COTNAcHO OGLIENPRHATON HOMEHKIIATYPE
[7]. B pacuetax GBLITH MCOOMLIOBAHK TPOTPAMMAE U TEXHUKA
pacyeTta, pa3paboTaHHbI® W WCTIONBIOBAHKEIE ABTOpAMH B
paborax [3,9].

PEIYJBTATH 1 OBCYKIEHHSA

TTovck Hanbonee cTa0MNBHBIX KOHGIOPMALAI NERTANen-
THIA Asp-Ser-Asp-Pro-Arg ocyllECTBIRAICA HA OCHOBE (par-
MEHTAPHOIO aHanu3a myrem nepefopa Bcex KoMOWHALMI
JAOKANRBHBIX MHHHMYMOB, 00pasyiomux (parMeHTbl ocrar-
k0B, IlpucyTcTBHe OCTATKa OpoHHa (Pro) B nocne osaTensb-
HOCTH NENTHAA 3HAYHTEIBHO OTPAHHYHBACT €10 koH(opMa-
UHOHHBIC BOSMOXHOCTH. B OTIMYHE OF APYrMX OCTATKOB
nponaH (Pro), Gaarogapa xecTico $ukcupopaHHoft ceasn N-
C", ne Moxer peannzosats L-cocToaune. Kpome Toro, anm
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0CTATKA NPEALIECTBYIOMETO MPONHHY, CTCPHUECKH pajpele-
Ha b B gopMa oceoBHol mens [10].

Cradana 6muH paccuuTamhl cTabUILHbE KOHGOPMAHY
C - youueporo Tpunentuna: Asp-Pro-Arg. Ha uerhipex BO3-
MOKHBIX IeHnoB s TpHNeNTHNAA, B NaHHOH TOCNEZoRa-

_ TENBHOCTH BOSMONHE! TONBKO 1Ba: e¢ M & . [JOCKOILKY ¥
ApoMKHHa HerT (OKOBOTO PAJIMKANA, TPAKTHYECKH, BApbHpO-
pannch NMoNoxkeHus GOKOBHIX HENeR acnaparHHOBOH KuCJO-
Tol (Asp) W apruBvHa (Arg). O6a 5THX ocTaTka HMEKT 3a-
PAKEHHME (GYHKOMOHANBHBIE T[PYNNBI HA KOHUAX CBOMX
GokosplX mefefl. ¥V acnapardHoBoff KHCIOTH 3TO OTPHUA-
TENbHO JAPAKEHHAA KapOOKCHABHER rPyTIa, & y oCTaTka ap-
FAHMEZ — IONOKHTSIEHO 3ApKCHHAS TYAHHAHHOEAA [PYTING.

Peaynprarbf pacyeToB MOKA3aMi, 4TO HH3KOIHEPTETHNE-
cKie KOHGOpMalMH LWieHna ee Gonee ueM na 2 Kkai/MOML
crafuibHee TyHqIx kougopmaunit melina ¢f B nH3KosHep-
TeTHYeCKHX KOH(pOpMALMAX Mena ee peanusyercs Haubo-
Jee >OPEKTUBHOE TPHUNCSNTHIHOE B3AMMONCHCTBHE MEXMY
ocTaTxaMH Asp # Arg. B sTHX koupopMaumax obpasyerca
BOZOPOMHAA CBA3E MEXIY aTOMOM KHCIOpOJA xapBok-
cupHOH TPYTTL! ASp B 2TOMOM BOAOPOTA H' ryaHRIHHOBOH
rpynmsl Arg. Brarojapa sonopoaHoll ¢BA3N B HUIKOSHEpre-
Tigeckux koHpOpMALAX — TPURENTUAR GOPMUpYETCR KRa-
AMUMKINYECKAT CTPYXTYpa. B kadectBe UCXOAHKIX MPHGNH-
KeHuii ana cnemyiowero ¢parMenTa Ser-Asp-Pro-Arg  HC-
none3oBanich  cTafUABHGIE XOH(OPMALMH TPMNENTHAZ Y
mononerTuaa cepida (Ser). Pacuer xordjopMaudit TeTpa-
Memrunoa NoKasaf, uTo ANS ATOro fENTHAA DHEPTETHYECKH
NPEANOUTHTENBHEIMH  OKA3ANHCh CTPYKTYPb, BRIKYAIOLIAC
TNoGankEHYI0 TONHOCTEK) PaIBEPHYTYI0 KORQOPMALWIO TPH-
nenTaAna: fee.

Pacuer cTafinbpHsiX kOHGOPMAaUNH MEHTANCNTHAR PO~
BOIMIICH HA OCHOBE HH3KOIHEPreTHUECKHX CTPYKTYP TETpa-
NENTHAZ 1 MOHOMENTHAA ASp. JHEPreTHYECKR HPeANOYTH-
TeALHBIMY H H303HSPPeTHYHBIME N4 NCHTANeNTHIa okala-
MHCh EBE KOH(OPMAUHK ¢ TIOXOKHMH GOPMaMK QCHOBHOH

nenw: BRBBB W RREBB. OparMenTapHuil KoHpopMaLKoH-
HEIH AHAY? IOKAIAN, YTO B MCHTANCITHOC COXPAHACTCA
IPEEMCTBEHHOCTh MOGATbBBIX KORGOPMAUHA MPCASILYIRX
[MEMTUIOB, T.6. CaMal HH3KOIHEpTeTHMecKkas KoH(opMalus
TPHIENTHAA peanusyercs B rnobansHol KoHpopMaLHH TeT-
panmenTHid, B CBOK) odepel®, INobanbHad KonopMaHa
TeTpancrnTAda COXPAHACTCA B ABYX rnoGanpHbix koHdopma-
OHAx MeHtanenTHng. B TaGmuue | ppupeZeHs! suepreTHue-
CKHE BKIaObI BoeX MEKOCTATOUHRIK BaavmoneticTeull, peanu-
3Y€MBIE B ONTHMAILHLIX KOHGOPMALMAX BOCEMH Wiefinor
mexnTanemriiaa. B rnoBanssolt kondopmammn  ByR;B;BBj;
Hapany ¢ 2PHeKTHBHLIM BIANMONLHCTBMEM MEXIY OCTATKA-
Mu Asp® 1 Arg’, pearnsyetca sQdekTHRHOE MEHTANIENTHAHOS
BiammoRelicTeie MeRLy octatkaMu Asp' u Arg’. B oraens-
HLIX KOH(OPMALIMAX JBYX rAofansublX GopM HeHTANENTHA
B peaynnTate pHeRTHRHOIC NMEHTANITUIHOrD BIanMoleli-
cTBuHA ofpazyercs elle OOHA BOJOPOLHAA CBA3L MEXIY aT0-
MaMi KapOoKCUTLHOR rpynnkl Asp‘ H aTOMAMH TYaHHAWHO-
8oit rpynmel Arg®. Haswune octatka Pro B MO3KIKH 4 noCHe-
OORATENBHOCTH NMEHTanenTHaa cnocodcTeyeT (QopMuposa-
HMIO pasimHiMuX S-uark6o. B Imyx raoSaisHbIX KoHgop-
MAWAAY PACCTOAHUE MEXTY ATOMaMEi C° NepBOTO M YeTBep-
TOro OCTATKOB OXKA3UOCH MEHBWE7A, W10 XapaxTepHo ANA
NPOCTPAHCTBEHHOrO CTpOEHMA, COCTBETCTRYIOWEro S -
H3ruby. QopMuposakue F- wruba B AByX NOXOXHX
HHIKOIHEPTETHUECKUX KORGOPMAINETX NeHTanenThia u of-
Pa30BaHHE B HUX BOKOPONHLIX CBs3ed Thna 1-3 W 1-5 caune-
TeNLCTBYET O TOM, TG TOT MENTHE MOKET PEANH30BATHLCA
B KOMIAKTHYIO KB2IMUMKNHYECKYKY CTPYKTYPY, KOTOpad Mo-
JET pPAcCMaTpMBaThCA KAK BepoATHAs “HHrHOMpyomad”
koH(opMaLm, T.¢. Keo0XonHmMan /YA CBAILIBAKMA NENTHIA ¢
penentopoM Ha Tydroi wieTke. B tabmaug 2 npuBeacHw
BENHYMHE JBYTPAHHREIX YINOB OBYX ro0anbHBiX KOHQOPMa-
HAN NeHTanenTURa.

Tabnmea 1.
DHEprerUeckie BRIATE MEXXOCTATOUHBIX RIAUMONCHCTBHI B cTROHNBHBIY KOHPOpMaLmAX NEHTARENTHAA
Koadopmauna DHEPrETHUCCKAE BIIAJbL MEROCTATONHLIX BIaHMOACHCTBHA B CTabHNBHEIX KoH{popMaLHIX
nenTanentiaa Asp'-Ser’-Asp’-Pro®-Arg’, (xaw/sons)
Asp' | Ser Asp® Pro’ Asp’ Ser | Asp’ Asp' Ser! Asp'
Ser’ | Asp® Pro* Arg’ Asp’ Pro’ | Arg Pro' | Arg® | Arg’
BaR1B:; 883z 4.6 -5.4 -14.2 -6.9 -5.0 2.1 -40.2 -1.2 -2.1 -28.5
RiR1B:PB3z 63 | -1 -13.0 6.3 -10.3 -1.7 -39.0 0.8 4.2 «21.8
B;L;B1BB3; 0.8 1.7 -14.2 6.9 -10.0 -1.7 -30.6 0.4 -1.2 1.2
B:B1B1BB;2 9.2 -2.1 -14.2 -6.3 =10.3 1.7 -28.9 00 -1.7 -1.2
RiR:B)RR 32 -6.3 4,2 -13.4 -10.3 -12.6 -2.5 2.0 -1.2 -0.4 -2.9
R1B1BiRRiz2 =5.4 -4.2 -14.2 -10.5 -13.4 -1.3 2.5 0.0 -0.4 1.2
BiR1BiRRzz -1.9 7.9 -14.2 -10.5 -5.0 -1.7 0.0 -3.7 -0.4 0.0
B1B3BiRR;z -8.4 -2.5 -14.7 -12.2 -7.1 -2.1 0.0 0.4 -0.4 0.8
: Tafawua 2.
BeAMguHbt JBYMPAHHELX YII0B {rpak) ABYX raodaneHex Koudopmanyi neiranentuna Iok.
Ocraror/Kondopmauua BzR:B:BBs: R:R;B;BBs;
Asp 96,152, 172, 182,86 -155,-46,171, 58,111
Ser -32.-61, 183, 55,179 -74,63.176, 35,179
Asp -110, 151,174, 56, 95 -118,146,176, 36, 97
Pro 123, 176 122, 168
Arg -132,103,-58,178,183,17% -127,103,-60,178,183,180
Egpy ()mk/Mons} 0,0 0,0

TMpumeuanvie: BenusuHb ARYTPAHHBIN YTAOB JAHE B TOCACAORATCABHOCTH = Y, @, ¥y Xz Xss Yo
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POAL IAPXEHHBIX ATK CTPAHCTBEHH
Kak noxaian KoHQOpMALMOHHEY AHAHI NeHTanemThaa
IgE B ¢OPMHPOBAHMM CTabMILHBIX KRAIMIMKIHYECKHX
CTPYKTYP 3T0H MONEKYITH! CCHOROTIQNATAIOIYIO POlb HIPAIOT
NPOTUBOIIONOAHO 3APSMEHHEE OCTaTkH. UMeHHO Gnarogaps
cneMpHIECKIM B3aHMOICHCBHAM MEXIY YTHMH OCTATKAMH
NPOHCXCAMT CTa0ATHIALMS M KBAIHIMKIW3AUMA B KOH(bOD-
MauMsx newranenTiaa. [ Wecnenosatra BAWAHNA Kaxao-
TO M3 3apAKSHHBIN OCTATKOB MEHTANENTHAA Ha ero xoHdop-
MalMOHHME BO3MOKHOCTH OBLA NMpoBefeH pacueT craGmib-
HeIX KoH(opMauuil HCXOAHOH MOMCKYNL) ¢ AMHHOKHCHOT-
HLIME 3aMCHAMH B €¢ Mocneaosare/bHocTH. Ilpenctasnen-
uble B AanHOH paloTe CTPYKTYpHEIE ANANIOTH NPCIAATaANHCh,
TAABALIM OOpa3oM, HCXOAA H3 CROEOOPA3HA AMUHOKHCAOTHOH
MOCASAORATENLHOCTH  NeHTanenTHaa. OTpHOatensHo 3aps-
KeHHABIE OCTATKH ACTIAPArMHOBLIX KHCAOT B MOSHUHAX 1 1 3
3aMEMANHCL HA CIPYKTYPHO NOXOKHe, HO HellTpalbHLlE oc-
TATKM 2CTaparHAa, 4 MOJOXHTENLHO 3apAKeHHBIR APIEHEH B
neauuuy 5 pa HeRTpaneHeilh OCTATOR MeTHOHHHA, ofnazako-

OEHMH I T 2 OrN0E A
IIHH TAKOKE WIHHEON TaHeioi SoxkoBoll enkro. 3TH Moan-
HKAWIH He RAcCAOTCS OCHOBHOM IIETIH MOMEKYNLI, 3 COCpe-
AOTOYEHL) TOJIbKO Ha GOKOBLIX pannkamax octartkos. [pen-
JaragMble 3aMeHEl NO3BONAICT ONpPeeNHTh H OLSHMTL BRIAn
KOKAORO M3 3ADIAEHHRIX OCTATKOB B CTA0HBGAINO Molje-
KyJibl B 1IEN0M. B kORGOPMALHOHHOM aHAMNIE CTPYKTYPHLIX
dHAROrOB NCHTANENTHAA [gE B Xa4ecTBe HAYANBHBIX MOpH-
SmnxeHnl MCMONBIOBANHCH RaMGoidee ONTHMANLHEIE KOH-
dopMaLin BceX BOCEMH IMEHNOB TEeHTANENTHAA.

[n% OLEHKN BHNA AEPBOrO OTPHIATENBHO 3APsKeH
Hore octatka Asp' Ghuin NpoaHanH3vpoBansl KoRGopMa-
UHOHHBIC 0COBEHHOCTH CTPYKTYPHOTO anaitora [Asn']. Jra
3aMEEa B LSJOM  3aMETHO CHHKAeT CrafWibHOCTh Boex
HHIKCIHEPTETHYECKHX KOHDOPMatM ¥CXOAHONO NeHTANerN-
THAS. Ha 6 kxan/Monb 3aHHKSH BKIAM 3MEKTPOCTATHHECKIX
piapmMoaeiicTealt B oTacmyHBIX kKoHpopMauuAx. Oanaxo
SHEPTETHYLCKH VPCARNOUTHTENLHHMA OCTAIHCh CAMBIE CTa-
Bunbibie dopmsl MCXoAHoro meHTanenThaa (Tabmmuua 3).

Tabnnma 3.
OTHOCHTEARHEA JHCPrHA cTaGMABHEIX KoHopMauni nerTanenTHaa IgE 1 ero aHaIoros.
Uletn | Kondopmauns Bemmuna oTHOCHETEMLHOR 3HEPriu cTabHAsHBX koudopmamil Hexonnok
MOJEKYIR 1 €70 GHANOroB (RA%/MOTE).
Mosexyia [Asn'] {Asn’] [Met’] [Asn' Asn’ Met’]
1. efee B2R1818832 0.0 0.0 2.5 16.3 0.0
2, fee RiR B BBsz 0.6 7.7 13.7 13.0 239
3. Jeee B2L1B1B83; 23.0 16.7 16.3 15.9 28.0
4, eeee B:B38:8B,, 23.9 20.1 16.7 29.9 15.0
5. fef RiR:B;RR1; 24.7 7.5 7.5 0.0 4.6
6. feef R3B;B31RR;; 37.3 14.7 13.7 13.7 15.5
1. efef B1R;B1RR)2 39.4 20.9 0.0 18.3 0.8
8. eeef B1B3B:RRy; 46.5 10.9 19 234 7.7

Bo sTopoM amamore [Asn’] HccnegyeTcs poab OTpHia-
TEABHO JAPAKCKHOTO OCTATKA B No3AUEH 3, PacaeT ans ato-
TC aHATOra NOKa3al YTo, ONTHMANBHBIE KOHQOpMALHM BCEX
BOCHMH WIeHNOD 0AHHAKOBO CTABWIHIMPYIOTCA H  BEMITMHHBI
MX OTHOCHTGMLHON JHCPTHH BXORAT yXe B AHTCpBan -
4xkan/Monp. B cBa3# ¢ 3Tolt 3aMEeHON IHEPTETHUSCKE pas-
HOBCPOATHEIMH CTAHOBATCA KOH(GOPMALMH WeTHIPHIX red-
noB: gfee,ceef,efef n ffef. Kax suane n3 Tabnuus! 3 npu 3ame-
He Asp® Ha ASn M3MEHASTCA WKana TPEATIOMTHTENLHOCTH
cTalIIbHEIX KoH$opMaUMif 1O OTHOCHTENBHOH >HEPrHH.
Takiam o6pasoM MOKHO CHETATh BHIBOA ,4T0 ocTaTOK Asp’
B NERTAMERTHRE IgE WUrpaet ocofyio popMoobpazyiomIyo
POb B HI3KO3HEPreTHHMECKHX KOHPOPMADMAX. JaMeHa oc-
Tatka Arg® Ha Met B CTpykTypHOM aHanore [Met] 3naum-
TeNbHO CHMKAET JHEPTeTHUecKHH BKIaA SNEKTPOCTaTHue-
CKUX BIZUMONeHCTRUN K HeBANIEHTHAIX BIAUMOAEHCTRUM,

Taxum 08pazom  MOXHO CAGAATH RHEBOA ,4TO OCTATOK
Asp’ B newTanenmine IgE wrpaer ocofyio dopMooGpa-
WIOIMYK POE B HUIKOIHEPTETHUECKHX KOHGOPMALMIX.
3aMeHa OCTATKA Args Ha Met B CTpYKTYPHOM aHanore [Met]
3HAYHTENBHO CHHXKAeT SHEpreTadecKdil BIUIAA IMEKTpOCTa-
THYECKHX B3IaHMOIZCHCTBME W HEBRaNeHTHRIX B3aMMmoaeHcTt-
safi. ITo Beeit BuauMocTH octatok Met He BOCMNONHAET TOT
IHEpreTHYECKHli BKIaZ, peanHiyeMbii Goxosol Lemblo oc-
TaTKa Arg B HCXOOHOM TISHTanNENTAS. 34eCh, KAk M B Ciydae
ananora [Asn’], NpOHCXODHT NepepacnpencieHte cTabumn-

Hbix xoHGOpMamHi NO IKale OTHOCHTEABHON 3HEPIUH, 4TO
CBUJCTENBCTRYET O BawHOH hopMoobpaiyioieli ponu octar-
Ka Arg B NOCACAOBATETPHOCTH NEHTANENTHAR.

Cnemyrouwit asanor {Asn',Asn’,Met’] apaserca xom6u-
HHPOBAHHEM NpeaniIyninx 3amed. Kak nokasan pacwer,
IHEPTETHYSCKHE BRIAAL NCKTPOCTATHYECKHX BsauMonelicr-
Buil B KOHQOPMALHAX 2TOTO AHANOrA COBEPIUMEHHO HE3HAYH-
TembHE.  KoHQopMaUmH 3Tore asanora crabummupylorcd
TONRKO Onaromapd HeBaNeHTHEIM B3aHMonelcTehAM. Kom-
GHHHPOBEH.HE BCEX TOUEHHLIX 3aMeH B ODHOM aHanore npH-
Beno K ete Gonmbmioit fecTabunmianui W nepepacnpencne-
HHIO HUIKOSHEPTETHYECKHX KouboOpMaLHil HCXOIHOTO MeH-
TaTlenTHRA.

B pe3yiaETaTe NPOBSNEHHBIX PACHSTOB MOXHO NMPUITH K
FAKNOHCHAKD, HTO BCC EBILICNEpEUNCISHHbLIE 3aMeHbl He
3{)peKTHBHBI B KOH(POPMALMOHHOM ACTIEKTE, HO 3T HCCAE-
AOBAHHE TIO3BOJIMNO BRIABHTE KOHPOPMALHOHHYIO Heofixo-
AAMOCTE TOTO WIM HROTO 33apAXEHHOTD OCTATKA B NOCNEN0-
BATENEHOCTH NEHTANSNTHAA. JiNS ITHX CTPYKTYPHEIX aHANO~
roB Gonee MPeNNOYTHTERLHBIMK CTAHOBATCA HEYMOPAIOUEH-
HHE XOMIIAKTHHIC I(OHII)OPM&U,HH, 2 HE KBAasHUNKIHYCCKHE
CTPYKTYPH, peanuiyromueca Gnaronapt HaTHYMIO 3apmEeH-
HEIX OCTaTKOB B APUPONHOH NOCNEHOBATENBHOCTH MEHTa-
nentHaa IgE.
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G.A. Ajayeva

INSANIN £ IMMUNOQLOBULININ PENTAPEPTIDININ FOZA QURULUSUNDA YUKLU
QALIQLARIN ROLU

Insantn £ immunogiobulinin pentapeptidin ve onun dérd analoglanmi jAsn'], [Asn’],[Arg’) vo [Asn' Asn’,Arg’] foza quruluglarn
nezeti konformasiya iisulu ile tedqiq olunmugdur. Gisterilmigdir ki, bu pentapeptid yalniz iki oxgar kvazitsiklik konformasiya emelo

gatirir, Analoglarm konformasiya analizi ise mileyyen etdi ki stabil kvazitsik! qurulugunun formalasmas: G¢lin yiikli gahqlanm rolu
vacibdir.

G.A, Agayeva

THE ROLE OF CHARGED RESIDUES IN THE SPATIAL STRUCTURE
OF THE HUMAN IMMUNOGLOBULIN E PENTAPEPTIDE

_ The spatia] structure of the human immunoglobulin E pentapeptide Asp-Ser-Asp-Pro-Arg and four of its analogs [Asn'], [Asa’],[Arg’]
and [Asn',Asn® Arg’] have been investigated by theoretical conformational analysis method. 1t is shown that this pentapeptide form only
two very similar quasicyclic conformations. Conformational analysis of these IGE pentapeptide analogues determined that for formation of
the native stable quasicycllic structure all charged residues are important.

Jama nocemynienus: 23.05.2000 Pedarmop: H.O. Kadocap
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CHEKTPAJIBHBIE HABJIIOJAEHUS CTAPBIX HOBBIX HR Del

M.B. BABAEB, M.C. TAJTXHER, JL.X, CAJIMAHOBA
LIA0 AH Azepbasidncana,
373243, Ulemaxa, Hupryny, noc. J0. Mamedanuesa.

Tlo criekrporpamman crapoi Hopolt HR Del , nomyuennsid b 1983-1986 rr. ofcyanioTca usMencHna npobutel ymamnk BOLGPOLA H

3anpeHeHHoro kucnopoaa {OIII).

B cnextpe Hoeolt AR Del B ovenk noznued CTATHH ¥ BOAOPOAHEIX RHAUN HaGMORacTen a6copbLUOHNAR KOMDORENTS (KOTOPS paL-
we ne Habmopanacs). Halmoaaores xpaTKOBPEMEHHDBIC HIMEHCHHSA COOTHOLICHHSA HEHTPATEHRIX HHTEHCHBHOCTEH (0co0eHno kpaltHiy)
IMHCCHOHHEIX koMnoHenTop nituh [OLI1] 424959 v 5007 4; Hell A 4686 A; Hy u ap. .

Chenan BEIBOA © TOM, YTC BCE IT HAGMOLACMEIC HIMCHEHHA, IPEKAS BCETO, ABKCAT OT CREKTPANBHOTO KNACCA 3BE3AL M OT ABOHCT-
BEHHOCTH, A TAICKE OT HEOAHOPOAHOCTEH IKBATOPHATEHEX H NOAAPHLK 0GnacTeli ofoncyuek Hosoll HR Del.

H3gecTHO, MTO ECK0 OCHOBHYIO MHGOPMALMIO O duzine-
CEMX ycrosmax B Hopoli HeceT cnextp eée uimyueHnd. B Te-
YEHHE BCABIUKH ITOT COEKTD MPETEpreBasT MopazuTeNsHLe
HIMCHERHA, NPOXOAS COBEPIIEHNG OMPENCHCHHBIE, XOPOINg
BBUIEACHHBE CTanHH. OCHOBHME CNEKTPANIbHEIE CTAHME
sponiousH HoBol TecuelimnmM ofpazom ceszansl ¢ ee GoTo-
METPHISCKHMH CTaIHAMH.

Mo Berbiuky crextp GonbumAcTsa HoebIX H3BecTew.
Honroe ppema Hosas Opna 1918 Gwina enuncteensoli Ho-
BOH ¢ M3BECTHMM CHISKTPOM AC BCIBILKH, MOKYMCHHBIM ¢
HeAOCTATOMHON JXCHIOULREH, B AeTanH ¢e MOITOMY BbI-
sBUTE Su110 TpyaHo. B nesoM on HavtoMuHaN cOeKTp ropa-
yel 3Be3mL: cmekTpanbHOro Kiaccz A. beuo BuIHO He-
CROILKO OUSHL YAKMX M cnalbr NHEWH NOTNOmeHs.

B 1963 r. C. Credrericon u P.Xepp [1] Hotmny B konnex-
MK CTIEKTpo3 obcepratopuin Yopnep u Cyale CNeKTp Io
scopiniH BAq Hosoli I'epkyneca 1963, nomyuenHuif B MIOHe
1961 r. OHK OTMETHAN, 9TO B CHEKTPE HET HM JIHHEA Mo-
TADUIEHIEA, HU JHHME miaydenns. Ofummll BuA coexIpa Ha-
NOMMHEAN MOpA4YI0 3BTy CNEKTPAILHOIe KNacca O WK 5.

C.C1edencon [2] oGHapyxUN Talke CReKTp, NOJyYeH-
HBIA 32 7 NleT 1o BCNBILKH MeaneHHoH Horoll HR Del. Ilo
pacTnpenencHHIo SHEPTUN 8 HENMpPepLIBHOM CrekTpe Cynynias
Howaa Obuta [OX0XKa HAa TOpavMyK» 3BEINY CHEKTPATBHOTO
Kfacca O uin B, muuAd He GbUTO BHAHO. 3Be3aa Ghina oveHs
romy6an ¢ kpaitHe NHTEHCHEHOH ynpTpadroneToBoH YacTLO
CTIeKTpA.

Takum odpasom, Ao perbimky HoBas noX0kKa NO menpe-
PbIBHOMY CIIEKTPY Ha ropAdylo 3BE3AY HAh, GoNee TOUHO, Ha
COeKTp fenore Kaprmka, Y KOTOPOre CMEKTpalbHhe AHHAH
Menkie, B NOITOMY NNOX0 BUAHLI DpH HEMOCTATOYHOM pas-
pelleHIH CHeKTPOTPaMME.

Y nopropheix HobeiX COCKIPH N0 BCMBIIKH HIYUCHBI
HecKONkko AyYlle, 4eM y THmHUHMX HoBRIX, HO OHM Mamo
yeM OTAMYatoTeA oT HUX. Takue Habmoneuus noxasany, 4To
cnextp Hoeoll nocne Bo3apalieRus 3eeilel B criokoitnoe co-
CTOSHME SRNAETCA MPAKTHUECKH TAKHM Ke, KaK A0 BCHLIMI-
KH. 370, Mpexne BCEro, NOKA3LBAET, 4TO BCMhka Hosoi
HE OKAIWBAET CYLIECTBEHHOrO BIMAHMA Ha OM3IMECKHE Xa-
PAKTEPHCTHRY 38310,

B nocneaume ronpl cneivpsl Hosuix 8 MunHMyMe Snecka
Guinu mryvennt 1. Tpuncrefinom [3] 1 M. Xuiomancom [4].
Onu noxasany, yro sce Hoerle B MUHEMYMe 0613 1al0T Bbi-
COKO# Temneparypoil. Hexotoprie Hosele umetor aficopt-
HHOHHLIE COEKTPLI, APYTrHe CONEpP¥AT SMHCCHOHHLIE THHUH
BOIOPOZA, TefHf, YIMepond. ¥ HekoropulXx HoBLIX HeT B
CNMEeKTPaX HY JHHUA NOrNOMEHHA, HR JHHHI WITYyueHus.
Obweit 0coGeHHOCTEIO CIIEKTPa B MUHHMYME ARIAETCA £r0
ICPEMEHHOCT, CHEKTPBl MEAAEHHBIX W OniCTPRIX HOBRIX B
MHHHMYME H¢ Pasnmdaorcs Mexiy coboll. B MunMMyme
HoBble HMEHOT pASHBIE CBETHMOCTH, OQHAKO HE 3AMEYEHO
pasmuHil UX CHEKFPANTLHEIX XapaKTepUCTHK 5 3aBHCHMOCTR
oT ceeteMoctH. Kak smgHO u3yyewwe cnexrpor Hosbix
3BE3A B MOCTHOBOH CTATHH JAOT CBEACHNA O CNCKTPATEHOM
KIacee, knacce CBETHMOCTH M oDIIEM BHAE criekTpa O
BCHLILKH, [103TOMY ¢ HeARle WIYIeHNA H3MEHEHHH CrekTpa
Horolt HR Del 3 MPHMMYMe, Aomentiell 10 mocTHOBON B
nepuoa 13-14 arrycra 1986 r. 'Ha 2-X METPOBOM Téneckone
IAO AH AsepGaitnxana Griz NOfyYeHa ONHA CNEKTPO-
rpamma B obnacri A4 3700 - 5100 A ¢ amcnepcreit 94 Amm
B doxyce KaccerpeHa. CriekTp CHHMANCA TPHIMEHNBIM
cnektporpagom “Kaubeppa” na mnactnike Kodak 103 a-0
npu skenoannun 2,4 yaca, Criextp Gsin 3amical Ha MUKpPO-
dotomeTpe “JTupedo” B IIIOTHOCTAX C yBenMueHHeM & 50
pas.

Kak noxasanm yabmozerud, nposesendsre B ILAC AH
AzepGalilxaHa, Ha COCKTPOrPAMMAX, OXBATHIBAIOLIUX MTEPH-
on 1981 — 1986 rr., DOMHUMO 3MUCCHORHBIX JHHHHA, NpHCy-
wHx no3axeh #elyaspHod CTaAHN H CTAIMA NMOCTHOBOH, B
crextpe Hool HR Del BKAHE! TAKKe THHHUWA MOTIOUIEHHAS,
KOTOpble, OMEBHAHO, 00paIvioica B aTMocepe 7IBe3Ibl.
Buzro, 4ro ofongdka Ao Takoll CTENEHR yNaieH: W pacces-
Hd, 4TO H3AYYEHHe caMoi 2pe3amel cBOOOHNHO NpoOXOAMT
CKBO3E OKpyRaiowmyie ofonouxy Horodf,

Ha cnexrperpavMax Hosoit HR Del, nomy4eHHBIX B
J985 u 1986 rr., B MOIMIOIISKHH BHOHBI B OCHOBHOM NHHWK
He, C, N, O, Si n gp., kak Oeino noxasaso & i981 r. [5]. 310
CBAAETENSCTBYET O NPHCYTCTBHH B 3TOH ¢HCTeMe ropadeft
3Be3fibl PAHHEre CTICKTPANBHOTO Knacea B aa nosaxers O.

Ha anmesx cnekipa Hopolt HR Del, nonyvdcHHBIX B
1985 u 1986 rr. B BOmOPOINEIX NHHMAX Takke HabmoaaroTCA
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alcopOUHOHHBIE KOMIIOHENTh! {CM. pHc. 1). Takue npodunu
BOAOPOAHHIX NMuAHi Habmomanm Tonkko B 1985 . M, mo-
BHIHMOMY, nocie 31oro Hoeas AR Del nomvoctito nepe-
"UUIA HA OCHOBHOE COCTOSHME nocTHoBOH, TTpodwin pomo-
POOHBIX JTHHMA, NOony4eHHbie B 1985 1 1986 rr. HanmoM#Ha-
0T npodanA muRRi 3pe3aM Be, 310 XOpOLLO 38METHO B NH-
Hasx Hy, Hs, H;, Hy 1 1.8, 4TO, Opekne BCETO, 3aBMCHT OT
HHTCHCHBHOCTH 3MKCCHOHHEIX KOMAOHEHT 3THX JIHHHA. Tak
KaK B JAMHAH Hp IMMCCHOHHAA KOMICHEHTA OYEHb HHTEH-
CHBHaf, no sTodl mpuwdHHEe abcopfuHoHHAR KOMNOHEHTA
NOYTH HE BHAHA. '

Pyc. 1. Perncrporpammbl cnekrpa Hoeol HR De 1, nory4enHsle
12-13.¥L1978, 30-31.VIIL 1985 u 13-14.VIII 1986 1.,
€ yBenH4eHHeM 8 50 pas

CnexTporpammsl, nomyucHHbe B 1986 r., nokaspiBaiorT,
910 AeiicTBHTENbHO B cnekTpe Hosoft HR Del npousomno
CHIBHOC H3McHeHNE B Npodunax aAmHu, ocobenno Bomo-
pontmix. Ha cnekrpax, noxyvyennsix B 1983 r., vHTeHCHBHO-
cti nuHu# Hg Osinn cpasumumbl ¢ nnnvel Hell 2 4686, a B
1986 r. munnsa Hy oueHb ocnalna M MOYTH He BHAHA B IMHC-
CHH, HO XOpomro BHAHa abcopfLMOHHAR KOMNOHEHTA THHAH
Hy, Hs, H, 1 T.0.

B cniexTpe 'Hosolt HR Del, nonyvyesHoM B 1986 r., sua-
Hbl TONBKO B 3MMCCHH Tuadr [OI1] A4 4959, 5009 (ouens
WHTeHCHBHAR), A 4363 (oueHs caaGad, NoYTH He BUIHA B 3a-
micax), He 11 A 4686, NIIT 4 4640 u Hg (ouehb cnabas) (cM.
pHc.1). Ecnn He yMHTMBaTh NpACYTCTBHE JHny [QOIII], nos-
BHBINGHCA NOCAE BCNBIUIEK, TO CNCKTPbl, NCAYYCHHHIE B
1986 ., HANOMHHAIOT CEKTp HR Del no BCTBIIKH, (Xa-
paKkTepbl CNEXTPOB, NOJYSCHHRIX 32 7 JIeT A0 BCHBILKH) KO-
Topble ObiaH cnucanm b [4],

CnexrpaibHbIR MaTepHant, MOAYYCHHEBIN B mepron 1968 —
1986 rr. gaeT HaM BOIMOXHOCTL NPOCHEARTE 33 HIMECHEHH-
€M HEKOTOPBIX IapaMeTpos (@, I, V. H Ap.} IMHCCHOHHbIX
JHHHEH, & TAKKE BPEMEHHOE HIMEHeHHE npodwrieil THX nu-
HHH B OYeHE NO3ZHERN Heﬁynnp}mﬁ cTamny, NOYTH B MUHH-
Myme Gnecxa,

Ha pucydke 2 noxasaHbl HIMEHGHHS 3KBHBAICHTHbIX
WHPHH SMHCCHORHBIX MMHUH Hg, A 4959 n A 5007 [CIII] no
paseuTino cnextpa Hosoll HR Del.

X G

Vi3 pric.2 BHAHO, YTO CPeaHME 3HAUEHHA SKBHBATCHTHIX
oiHpin nHEHA Hp v He 11 A 4686 (naunHag ¢ konua 1968 r.
O0CHE BENBINKH) BO BPEM: MEPBHYHOTO MAKCHMYMA CHILHO
Bozpacau. flocne aToro ymaueHne >xEHBaneHTHOH WIHPHHH
nunnii Hp ocnabno » Havane 1968 r, a yxe B koiille 3Toro
roaa OHO BOCTHINO CROEro MAKCHMYMA M, HATHHAR ¢ 1969 1.
HAMEUaeTCH er0 CUIbHOE yMeHbIIeRWe. B cnextpe, momy-
YEHHOM B 1986 I, WHTEHCHBHOCTH TWHUA Hy noutH eerpas-
HHBBIOTCA € YpOBHEM HenpeprIBROrG cniextpa. [omyuaercs
MUHWMJBHOe 3HAYeHHe SKBHBATEHTHLIX WHPHA MRAKA H
(B amuccnm W = 1,24). Takol xapakTep wiMeHeHHT SKBHBa-
JCHTHLIX [MUPHH JIMHAR BOAOPONA XOPOWIO COMNMACYeTes ¢
HiMeHeHuen Gnecka camoil Horoli R Del.
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Puc.2. H3MENENNE 3XBHBANCHTHEX MIHPKHH muHuit [O 111
AA4959, 5007, Hy 1 He 1 4686 ot dasul,

Ha puc. 2 MOXHO 3aMeTHTE, YTO X0 H3IMEHEHHR KBHBa-
ACHTHEIX WHMpHH jukni [ONI) A 4959 u A 5007 A unol, y
HEX HaQMIONASTCA LBA MaKCHMyMa, HEe3aBHCAIKE OT Gllecka
Horoli. On wabmogaetca yxe b 1969 r. B Havane weGynap-
wolt craann u B 1978 1. B 1986 r. npodmun aTex nuwal
CHIABHO M3MEHWIHCE. Ecnn so 1978 1. OLLL MHTeHCHBHee
IeHTPANBAbIE KOMIIOHEHTH], TO, yke HagnHad ¢ 1978 r, pn-
TEHCHRHEE CTAHOBATCA kpaliune koMmmnosentH [5-6]. Tlocne
1978 r. nabmonaerca yMeHLIIEHHE SKBHBANCHTHLIX LIHPHE
nusutt [OLI] A 4959 u 2 5007 A. B 1986 r. 3HawcHHe SKBH-
BANEHTHEX tiHpHH nuauit [OIN)] zoxoamne oo MMEMMATE-
HOro 3HAueHHA, TIOCKONMbkY cama Hosas gomna Ao ¢Boeno
MMHHMYMA,

CnexTpansHele MaTepRaNkl, MOTyYeHHEIe B fiepron 1981
- 1986 r.r. J210T HaM BOIMOKHOCTL NPOCTIEANTE 32 H3MEHe-
HHEM LICHTPANBHEIX HHTEHCHBHOCTEH HEKOTOPLIX JIMUCCH-
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Puc.3. NMpodwmx muuni [O 111] 444939, 5007, Hell 4686 nHp B
cnciktpe Hosol HR Del B ueTHPS pasHhC AATEL
Tncriepens crextporpamm 94 A ivm y H,

H3pectHo, wt0 xapakrtephoit ocofennoctsio Hopwix
33 Ha HeGyJApHOM CTaZAMH ABJISETCA HAMMYHE NHHHL
[O1]) A4 4363, 4959 u 5007 A BoaocponHBIX, reNHEBEHIX,
a30THRIX M gp. Ha pue.} nokasanst NMpodHIH HEKOTOPRIX
JMHHAH, COCTORWIMX B OCHOBHOM W3 IBYX komnoaent, Paus-
¢ OHW BMEIH 9€THIpEe KOMMOHEHTHl. B 3anncax yxke BHYT-
pernme KomnoxeRTs: smnani [OIIL] A 4959 u 4 5007 A me
sameTHbl. Ha scex cnextporpammax amuui [O1I) A 4959 »
A 5007 A no VHTEHCHBHOCTH CHUIBHEE, Y¢M BOJOPOIHLIE, Ie-
JIHEBBIE H 230THBIE (DHC. 3).

Ha puc. 3 BHAHO, YTC OTHOCHTENbHAZ MHTCHCHBHOCTD
KOMMOHEHT ¥ pasHbix JiHHKH Takke pasnuaHa. Takas &ap-
ThHa HaGmoaanack u B 1981 1. [5] u B 1985 romy (7). V mu-
wult [O111] Ha Beex cnekTpax HauGonee HHTCHCHBHEIMA AB-

D¢l

A0TCA KpafiHle KOMOOHEHTHI, KOTOpble 06pasyIoTes Ha JK-
BATOPHAALHLIX noscax obomourd Hosol, a y BONOPOIHLIX U
reaeEblx AuHui Gonee WHTEHCHBHBHIMA ABIILOTCA BHYT-
PEHHHE KOMITOHEHTRI, KOTOPHIE OTHOCATCA K MONAPHOI mran-
ke oSonouxd Howol, Tak kak YCHAKNACE abcopboys 3THx
JBHHHH, ¥ BOJOPOOHEIX THHHN TAKOE COOTHOLICHLE B 1986 T,
He sabmosaerca. Habmosaro1ca Takme HEKOTOphE H3MEHE-
HHA KOMITOHEHT CO BPEMEHEM. JT0, NMPexae BCEro, MPOHC-
XOAUT BCACACTBHE H3MECHEHHA YCMOBRI BHANMOCTH OTICL-
HBIX KOHECHCAUKA H CHABHOrQ YMSHBINEHHA NAOTHOCTH B
ofonouke Hosolt HR Del.

TlomMuMO ITHX H3MeHeHMHA B crniexTpe Hosoft HR Del,
nony4eHHBX B 1985 —~ 1986 rr., xopomo HabmiomaroTea H
APYTHE 0CODCHWOCTH B H3MESHCHRH NpodrnacH dMHCCHOHHBIX
JHHMH, 8 HM¢HHO, HaOlIOAANTCA KPATKOBPEMSHHBIE HaMe-
HEHHMA OTHOWIEHHA OMHCCHOHHEIX KOMIIOHGHT B JIHHMAX
[OTI1} A 4959 u A 5007 A. Avor apdexT xopome nabmona-
eTc A KpafHMX KOMIOOHEHT (YTPSHHHE KOMIOHEHTH Y
ITHX NHAATK CTanH B ocneanye roget 1985 u 1986 nezamer-
HBIMH), KOTOpH¢ OGpPasyloTes B DKBATODHANBHOM TOACE B
oBonouke Hopo#t HR Del (cm. puc. 3). [o-supuMomy, Ta-
Ko XapaKTep HIMCHCHHA 3ABACHY, NPEk/IE BCEro, 0T ABOH-
cteernocTH camof Hopoft (7). A asoficteenHocTs 3101 Ho-
soif 3Be3nn! ye oOHApYxEHa M Aake BEIUWCITEH nephoA (5,
8, 9]. Bee nafimomarteni NPeANMOnArAiOT, 4TO CHCTEM3 CO-
CTONT B3 OueHbL TopAdero Genoro xapnauka (T-35000°) n
oueHb xomouHolt 3pesnm (S K) {10], npuueM cucreMa 3a-
t™eHHad [11].

Mir, Hecnenys xapakTep M3MeHeHua npodunedl sMucen-
OHHBIX TUHUN U WHTeHCMBHOCTEN LEHTPANLHEIX KOMIOHEHT
B TeueHHe NPOACIKHTENBHOIO BpeMenHt ¢ 1967 no 1985 .,
NOKAZANM, UTO HIMEHEHUS CTIEKTPA W COOTHOIIEHHS 3MHCCH-
OHHHX KOMIOHEHT ¥ HoRON HR Del 3aBMCAT, Npexne ece-
ro, ot hopMBl H IWHaMuKH oBonoukk [5, 6, 12], pazmmid
duzimeckyx yCnoeMi B OTAENBHBIX CTYCTKAX M BHANMOCTEA
OTAENLHERY OfnacTeit ofonovky [13], a Taxke or HBOHCT-
BeHHocTH HoBgoidi [7].

Bee atn HaGmonartenbHbie OCOOSHHOCTH NONKHBI TIpH-
Be4b BHMMaHHWe HaGmonareyielt K BMeloWMMcA daxTaM, a
MMCHHO: NOABJIEHHIO a0COPOLUMOHHBIX KOMMOHEHT BOAOPQA-
HMX AMHENE B MuHAMYMa GNecKa, HIMeHeHMIC npoduned
3MICCHOHHEIX AHHAK H H3MSHCKHI0 COOTHOIICHHA IMHCCH-
OHHBIX KOMNOHEHT (ocobeHuO B IMHMAX A4 4959 H

5007 A [OFII]) co Bpemenem b cniextpe Hosolt HR Del.




M.B. BABA LT y JLX. HOBA

(3] /I Greenstein. Astrohys. J., 1957, v.126,23. {91 L. Kohoutek and R. Pauis. 1981, IB. V.S, Nel1971,
[4] MI Humason. Astrohys. J., 1938, V. 88,228 Bruch. Miti. Asron. Ges., 1982, Ne57,328.

{S) MBE. Eabaes. TInceMa B AX, 1983, 7.9, Ned, 2335, [10] L. Rosino, A. Biachini, P. Rafaneli. Astron and Astro-
[6] M.5. Babaes. Iuckma B A, 1983, 1.7, Ne7, 422, phys., 1982, v.108, Ne2,243

[7) M.B. Babaea. TuchMa B AN (8 TievarH). (11] M 5. Babaes. TTncema e AXK, 1979, 7. 5, Ne§, 537,

(8] JB. Huichings. Astrophys. J., 1979, v. 232, 176. [12) M 5. Babaee. Actpon.Llupxynap, 1986, Ne1420. 1.

M_.B. Babayev, M.C. Hacryev, L. X. Salmanova

KOHNS YENI HR DELFININ SPEKTRAL MUSAHIDOSI

Kahne Yeni HR Del 1985-1986-ci illarde ahnms spekirlan esasmda hidrogen ve qadagan olunmug oksigen [O IH] xettierinin
profiliari tedqiq edilmisdir.

Bu Yeninin gox gec tokamiil marholesinde ahnmg spektriorinde hidrogen xsttlerinde svvallar askar editmemig uduima kompo-
nenti miisahide olunub. [O 111} A 4959, 5007, Hell 1 4686, Hg ve s. xettlarinin sialanma komponentlerinde, merkezi intensivlikierin
(xiisusen konar komponentiorde) nisbetlerinde qisa middetli doeyigkenlikler miigahide edilir,

Miisahide olunmus deyigkenlikler ulduzun spekiral sinfinden, onun gosalifindan va elace de ulduz értilyliniin ekvatorial ve qiitb
oblastlarinin bircinsli olmamasindan asihdur. .

M.B. Babavev, M.S. Gadgiyev, L.Ch. Salmanova
SPECTRAL OBSERVATIONS OF OLD NOVA HR DEL

The vfriations of profiles of hedrogen and forbidden oxygen [OTI] fines are discussed using the spectrograms of old Nova HR Del ob-
tained in 1985-1986. '

In the spectrum of HR Del an the latest stage in the tiydrogen lines the absorption component is observed (which has not been observed
carlier). Also the short period variations of the ratio of the central intensities particularly extreme of the emission line componenis [OIN] 4
4959, 5007, Hell A 4686, Hj; are observed.

A conclusion is made that all these variations depend first of all on the star spectral class and on the inhomogenuities of the equatorial
and polar regions of the Nova HR Del envelopes.

Hama necmynnenus: 19.10.2000 Peoaxmop: A.C. Kyruee
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B3AHMOCBA3Db MEXKAY CTPYKTYPHOU TEMIIEPATYPON
H FEJEOBPA3IYIOIHEN CIIOCOBHOCTBIO BOJAHBIX
PACTBOPOB ATAPA M AI'APO3LI

3.A. MACHMOB, A.A.TACAHOB, P.H HCMARJIOBA
HHJT «Dusxumus pacmecpos MaxpomMonRexyry» Gusuuecko2o axyrsmema
Baxunckoeo I'ocyoapemeennoeo Ynusepcumema,

370148, e Baxy, yn. Axao. 3 Xanuroea 23

KaK M38€CTHO, 8rAD M Ar3ap03d SBARKOTCA reneobpatyionHMU MOARMEDEMH Jake TTPH OYEHh HHIKHX KOHUEHTpauwusx. IeneoSpayioman
CNOCOGHOCTE TOAHMEPOB H CTENCHD CTPYKTYPHPOBAHHOCTH HX BOIHBLIX PAcTBOPOB, N0 BCEW PHAMMOCTH, JAOMKHB! OMTE BIAMMOCRAIAKEL
Tlocmeauee W3 ITHX NIAPAMETPOR XApaKTEPHIYETCR CTPYXTYpHOI Temnepatypoli pacTeopos. TlosTomy onpeacnciue crpycTypuol Temmepary-
PB HUIKOKOHLEHTPHPOBAHHBIX BOAHEIX PACTRODOR Arapa ¥ araposhi NPEICTABNIET OnpeaeneHsbl HTepec,

TTonywernbe pesyAbTATM NOKAIBIBAKOT, TG C BBEACHHEM B BOXY arapa MAH arapo3bl CIPYKTYPHAd TEMACPATypa PACTBOPOB PACTET OT
147K (3mavenne ana drcroRt pozel) ao ~270 K, 1.c., npouece CTpyKTYpooGpasoBaHud HAYHHAETCA €INE 10 KPUTHUECKOH KOHLIEHTPAUMR
reeo0pazoBanys. JTOT BEIBC/ NOATREPHAACTCH HIMEHEHHEM TEPMOAMHAMICCKHK NapaMeTpos (4H W JG) BA3KOTO TEYSHHA,

B aaunoil pafore raxke wiyeHO AMMAHUE MOYERMHE ¢ koluenTpauned SM/n a cucTeMe He CTPYKTYPHPYIOULYIO ¢nocoSKOCTE arapa u
2rapo3si & Boge. [TONYYEHHBIE PEIYALTATR TOATBEPAKIAOT NPSANONATAEMYH0 BIAHMOCRESh MENTY CTPYKTYPHON TEMTIEpETYPON pacTeopa M

CTPYKTYPOH, KOTOP2A COMAETCA 32 CYET BOACPOAHRIX ChAzEN.

Kmoxesnie cioBa: azap, azapoia, cmpykmypupoean-
HOCIG, CIPYKMYDHAR MEMREPAmypd, 800Wule  pacmeopu,
mepmodunamiveckue caolicmaa.

Bneperle NOHATHE «CTPYKTYpHAS TEMAEPATYpas PacTBOPOB
Guo nenoneiorano Bepranom o @aynepoM 8 Hagane XX
pexax [1]. [To mx ompeneneHimo, CTPYKTYPHad TeMmeparypa
JNaHROTO BOAHOTO PacTBOPA OMPEAENACTCA KaK TEMIEpaTypa,
npy KOTOpeH CTPYKTYPA MUCTOH BOABI H €6 PHIHUSCKHE CBOM-
CTBa (BAIKOCTh, MIGTHOCTh, OKA3ATENEL NPEIOMACHHA H T. 4.)
COQTBETCTBYIOT CTPYKType ¥ cBoficTBaM NAHHOIQ pacTBopa
npn  gauHoW Temne¢parype. JleHcTBHTENBHO, W3IMEHEHHE
CTPYKTYpHI M COOTBETCTBEHHO (H3MMeCKnX cBOHCTE pacTsopa
MOMKET MPOHCXOMUTE NGO 33 CUeT MIMeHeHHA TEMIepaTyphl,
G0 33 CYET PACcTROPEHHONO BeulecTRa. ONHAKD, U3MEHEHHE
CTPYNTYPEI BOALI 33 CYET STHX MABYX pPazHLIX MEXAHHIMOB,
TpHBOAALIEE K OAMMAXOBLIM IHAYERMAM GUINYECKHX Napa-
METPOBs, MOXKET ORITh HE BCETAA ANeKBATHRIM.

THonblTHa K HIYYECHHI® CTPYKTYPbl BOOHBIX DPACTBOPOB
MOMOILBI0 CTPYKTYPHOH Temneparypsl Oelia cledano Ylep-
peiitepom [2] B 70-x rogax. OH Tpupan CTPYKTYPHOH TeMIIe-
paType cOBceM HHOH cMbICh, KOTOpBIM paccMaTpnBacTcA
Huwe, deno B ToM, 4TO 6oJiee TOYHBIC HIMEPEHHA BAIKOCTH
BOAB! H HEKOTOPBIX JIPYTHX RUAKOCTEH NOKasany, 410 TeMne-
PaTYpHAA 3aBHCHMOCTS BABKOCTH OTKIGHAETCA OT IKCMOHEH-
HHAALHOA 3aBMCHMOCTH, onHcaunoll dopmynoll @penkena —
3fipunra - Angpane:
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wT) = nes £y
roe  #7{T) BA3KOCTb MHAKOCTH NpH Temmeparype T, AG -
AKTHEALHOHHAA JHEPTHA BAIKONC TEUEHHA B HCCNCAYCMOM
TeMIICPATYPHOM MHTEpBAne, 2 #p; — BAKOCTL PacTBOpa MpH
oueHp GonsuIMX TeMOepaTypax, T. €., BAIKOCTE NMAPOD HHIKO-
CTH.

Jiaa Toro, uTobB! YIOKHTE IKCACPHMCHTATLRALIC PE3y/ibTa-
Tl B JKCTIOHEHTY, YOeppefirep BOCNONGIOBAICH MIMpHuE-
ckoll gopmynofi Borens (2), ussectHolt eme ¢ 20-x rozoe.
Taxum obpazom, 1o YOeppeiitepy 3aBUCHMOCTE BA3KOCTH OT
TEMTIEPATYPH BLIPAXAETCS GOPMYIO:

B

“Temp

mr) = pe’ @

rie B — mapaMeTp, ¢BA3AHHBHA ¢ AG, @ Topp — BEIHMMHA, T10-
CTOAHHAA JUIA JAHHOK HHOKOCTH M MMEIOWad OnpeleneHabi
$HIAgeckait CMBICH, 3AKMOUAIOIIKACA B TOM, 9TO OHa Xapai-
TEPHIYET TEMNEpPaTypy, TpPH KOTOpOll BAIKOCTE CTAHOBHTCA
GeckoreqgHo GombLIof, T.€. KHMAKOCTE NOMHOSTRIC CTPYKTYPH-
pyercs. B >ToM cMiIcne T, Ha3LIBAETCA CTPYRTYPHOH TeMm-
nepatypoil. B aaHHOM caydae motl CTPYRTYPUPOBAHHEM NOR-
pa3yMeBaeTCA 3aMOpaKUBaHMAe crenened ceofomm noctyna-
TENLHEIX ARWKEHUH Monexyn kuaxocty. [lo eeelt sramocTH,
CTPYKTYPHAS TEMIEpaTypa SBNsercd (PUKTHBHEIM NapaMeT-
POM, HO MOXET ONPEISNCHHO HTPaTh POAb MOKAIATEN CTPYK-
TYPUPOBARHOCTH JAHHOTO DacTBOpa: eClH ¢ BBEACHHEM B
BOAY pacTBOPCHHOrO BelecTsd T.,, HIMCHAETCE B CTOPOHY
YBEMHYEHHUA, TO PacTBOP 1O OTHOICHMIO X YHCTOI BOJE ABIA-
¢TcA Jonee CTPYKTYPHPOBAHHEIM H, HaoGopoT.

Ompenienenne Topp MYTEM KakRX-TO rpadmieckux obpaGo-
TOK UM BBHMMCIERHI NPH TPEX HEHIBECTHMX (Tenp . Mo W B)
B3 ypaBHeHus (2) asiaercs HempocTo#l 3apadel. TlosTomy,
SETODPH KCIIONBOBANH MapaMeTp 1), KaK 3apaHee HIBECTHLIM,
paBHbIA BAIKOCTH ra3os: 107410" Ma-cex. [2,4,10]

B wacrosweh padoTe AnA oNpeAenEHKA CTPYKTYPHOH TeM-
IEPATYPhl BIEPBME PHMEHEH METOA OITHAMMBALIAM NapDaMeT-
poB, He TpebyoIKil UPSABAPHTSIEHONO NPUCBOSHUA IHAME-
HMA MapaMmeIpy ifp. BorascneHus nposoginan Ha [TK Pentium
II, ¢ npuMenenvem nporpammer Origin 5 dapmar Microcal
Software Inc.

MomyyeHnnle yia3aHHLIM MSTOAOM 3HAYSHHA AAA CTPYK-
TYpHOH Temneparypbl 4HcToH BOABI (T 14713 K) npu
HOPM. aTM. Hah., ¥ NPEIdKCTIOHEHUMANLHOM MHOXHTENE
(175=2,78-10"° Tla-cex) LOCTATOMHO XOpOWIO COMNACYIOTSA CO
3HAUCHHAMM, HallZeHHBIMA ¥ HCTIONE3IOBAHHBIMHA pance PaMu
(4] v apyrumu apTopamn [2,10].

Kax nokasbiaioT pe3ynbTaThl 3KCNIEPHMEHTOE, CTPYKTYD-
Haf TeMAOSPaTypa BOAL! HIMEHASTCA H [TPU HIMEHEHUH Aasre-
HES. B 32BHCHMOCTN OT HANPABAZHHA 3THX M3IMEHEHH, MOXK-
HO CYIHT: O CIPYKTYPUPOBIHMH WIH O HECTDYKTYPUPOBAHHH



BOMe TOA geBncHueM. B gammodi paGote puiumcnenst Top,
BOAB MPH H3MeHeHHH gaBnernd ot 0,1 MIIa (hopam. atm. mas.)
ao 100 MITa. 3naueHHA BASKOCTH BOAE NPH PAMNIHHEIX AaB-
neHWAX GHUTH BIATH! WA ARTEpaTyYprl [3] v obpadioTansl ammle-
YKA3aHHBIM METOOOM.

Kak BugHo M3 puc.] noj BIUSHHEM NapIeHMS CHavana
CTDYKTYpPHas TeMriepaTypa pacteT mo 155 K npn 5 MIIa, Te.
g0aa ee Gonee CIPYKTYpHpyeTcs, u10 OObACHAETCA YIIOT-
HEHHEM YOAKOBKH MOMEKYJ. A 3aTeM CTPYKTYpa BOJbl MOCTE-
NEHHO palpyllaercs, BCACICTBHE Paspeiba BOZOPOAHBIX CBA-
3elt Mexkmy MoNeKyNaMH, ¢ 4eM CBRICTEALCTBYET HEYKAORH0E
YMCHBILIECHHE CTPYKTYpHOR TemnepaTyphl beapi Ac 133 K npu
100 MIMa.
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Puc. |, 38BUCHMOCTE  Tc.p BOAL OT AABAEHUN

B namro# paloTe ITHIM METONOM TaKke ONPESICHBI
CTPYKTYPHbIE TeMIICPAaTYpPEl BOLHBIX DacTBOPOB NoAHCaXapH-
IOB — arapa H arapo3bl. Kak u3secTHo, arap K araposa fBma-
FOTCA NIOBHMEPAMH, HMEIOIUHMM NPAKTHYECKOS NPHMEHEHHE B
GuoTexHomoTHH, $apMakonoruy H NHUIECBOH NPOMBILLICHHO-
¢TH. B ynpomeHHOM NpelCTaBACHHN arap — 3T0 ¢MECh ABYX
NOMUCAaXapHAOR - arapossl M araponekTtHHa [5]. B meficteu-
TeNBHOCTH K¢, arap NpencTaaiaseT cofolt cnoxmyio cMmeck
MONACAXAPHACR, BRIUIOYAIONLYIO B ¢4 kak HeflTpankbHEle, Tak
M 3apKeHHEIe YYacTKH [6-7].

Arap ¥ arapo3a oTTHYAIOTCA o1 APYTHX TONUCAXAPHICE U,
BOOGINE, OT APYTUX BHICOKOMONEKYIAPHEIX COSAHHEHHH mpe-
*Jie BCEro TEM, YTO KX BONHBIC PacTBOPH ARMAIOTCA CHABHO
refico0pasyloMME Jaxe¢ MPH O4EHh HHIKMX KOHLEHTPAUHEX
nosumepa. C Apyroil CTOPOHBI, 3TH HONHMEPH XApakTepH3y-
0TCA OMSHE BbLICOKHMH CHOCOGROCTAME MoAHbHMMpPOBATH
BOLY, T.¢. MX BOJHEIC PAacTBOPBI OTJHYAIOTCA BEICOKHMME 3JHA-
YeHHAMH OoTHOCHTeNbHON ruapodobnocry [8). Ofa i croll-
CTE3 CBAJAHB C HIMCHCHHCM CTPYKTYPH POAOEL MOA BIHAHHCM
PACTBOPERHOrD BelecTra. [1o3TOMY BOSHHKAET eCTECTBEHHLIN
HHTEpeC ONPEenesHTL CTPYKTYPHLIE TeMDepaTypbl HWIKOKOR-
UEeHTPUPOBAHHEIX BOAHRIX PACTBOPOB arapa ¥ araposkl, 410
OELN0 NPeRMPHAATO B MaRROH paboTe.

H3-22 1010, 4TG KPHTHYECKUE KOHLIEHTPAOKK reneobpaso-
BaHMA INd aFapa ¥ arapoisl COOTBCTCTBEHHO paBHml 0,12 H
0,15 Bec. %, PKCHEPHMEHTb! IIPOROAHNKMCH JHIIb MPR Gomnee
HH3IKHX KOHICHTDELHAX.

MonyueHHble pe3ynabTaThl, MPCICTABACHHES Ha pHC.2, T10-
Ka3nBAOT, YTO Cpasy Mocke BBCACHHA & BOJY NOHMEpa,
CTpYKTypHat Temneparypa Boamt (147 K) nesnaunteanno
YMEHBILIACTCA WIH B TPeAenax JKCHepHMeHTarbHoll omnOkn
OCTaeTcA NMocTOTHHON, B nansHeiflleM CTPYKTYPHAA TeMNepa-
TYpa YBENMUHBAETCA ¢ POCTOM KOHHEHTPALHH NOYTH IO KOM-
HATHOH TeMOepaTypel [IPE KOHLEHTPALMH TOTHMepa
0,07+0,10%.
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Obpatuaer na ceba BHUMaHKE TOT QakT, YTO arap CTPYKTY-
papyer Bogy ¢ Somsueli CKOPOCTHIO, YeM aTapo3a, YTO XOpo-
HID COFNaCyeTcd € NAHHLIMH O 3HAYSHHAX KPHUTHUESCKHMX KOH-
LUEHTpauMil reneofpatoBawid, & TAKKe [POYHOCTHLIMH CHOfi-
CTBAMH IeJieli arapa ¥ arapo3sl [7).
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0.05% 0.10% 0.15%

Puc.2. KOHLEHTPAUNOHHBIE 3aBUCHMOCTH T, g, [Nl BOQHBLX
PacTBOPOB arapd M arapossl

MMepponavyanpioe «MOCTOAHCTRO» CIPYKTYPHOH TeMnepa-
TYPH OPH BBEICHEH NOAAMEPA B BOLY MOKHO OOBACHATL TEM,
YTO MPH TAKHX HIIKMX KOHUSHTPAIHAX MAKPOMOMEKYNht eule
HE CLEMAMOTCA APYT C APYToM H He CO3MA0T HAAMONeKynap-
HBl¢ KOMIUIEKCHl, KOTOphIe MOKHO HA3IBATE #OCTPOBKAMHK
CIPYKTYPHPOBAHHOCTH.

OTHOCHTENbHO NMOBEACHHA TEPMOIHHAMHYECKHX MApaMer-
PUB BAIKOIO TEYEHHA PE3y/IbTaThl NOKASHIBANT, YTO MAPAMETP
B CcBA3AH C TEpMOIMHAMHYECKHMH MapaMeTpamu BAIKONO
TeUeHUA (AH ¥ AG). 3Ty CBA3L MOKHO JIETKO BRISCHUTH, €CNU
HCXOIHTE U3 TOO, UTO P IIKCIOHEHLMANILHRIE MHOKHTETH B
YPpaBHERKH (2) A B YDABRHEHUH DpeHKeNs~HpHHra (1) paBHbL
Hailnensas TakuM ofpa3oM CBA3bL MEXIy TepMOANHaMude-
CKHMH NapaMeTpaMH AH ¥ AG H HapaMeTpoM B BRIpAXaeTcs
cdopMynaMn (3) v (4):

{ 7 NE

4dH = REB (3)
,\T il Y )
% \

AG = z )
kT - Tcrp)

C noMomso popMyn (3-4) H TepMOAHHAMHYECKOTO YpaBHe-
HEN '

AH = AG + TAS (5)
onpenenanick AN, AG u AS. BuryucieHnnte TaknM oBpazom,
3HAYCHMA IHEPIE¢THUCCKHX BEIMIHE OTOOpa)KeHH B TabAHUax
2

Kaxk Buaro m3 Tabnauel 1, AnA Beex pacTEOPOB ¢ YBENMUe-
HUEM TEMTEPATYPR BCE DHEPTETHYECKME NMAPAMCTDHl YMEHL-
MIAIOTCA, STO CBHAETENRCTBYET 00 OCnabmeHuu MexmoleKy-
JAPHHX CBA3EH HAM O NECTPYKTYPHIAIMH B PE3YRLTATE BINA-
BN TeMneparyphl. 3THM OGIIEM3BSCTHRIM (HAKTOM MOXCHO
BOCNONB30BATLCA TPH HHTEPNIPETAUMH PESyAbTaTOB, MCAY-
MCHHWIX MPH HM3YYEHWH KOHUCHTPAUMOHHOIO BJMAHHMA Ha
TEPMOAHHAMIIECKHE ITAPAMETPH,



Tafnmna |
Tepmonuuamnyeckue napaMerps: (AH, AG u AS) BRIKOr® TeHeHHA
BOJHEIX PACTBOPOB AT APOI B [PK PASHLIX TEMNEpaTYpax

c,pec T.K | AA, i AG s AL, A
MOTS MO Moas « K

293 174 3.7 294
Uncraa| 313 156 8,2 236
" BOXA 3313 14,0 7.8 187
353 12,6 75 146
293 17,5 9.1 28,5
001 <1 313 15,6 8.6 223
s 333 142 82 17,9
353 13,1 7.9 14,7
293 24.5 6,1 63,0
313 17,2 5,1 38,7

0,07 | 333 131 a4 22 -

353 10,6 4,0 189

293 44,3 51 1336

313 20,0 34 52,9 1.
010 | 343 12,0 27 AR |
353 8.4 22 174
293 83.5 5.1 2676
otn | 313 21,1 2.5 59.4
! 31 19,2 1.8 254
353 64 1.4 140
Tabnmiz 2

TepmoanHamyyeckae mapaMerpsl (AH, AGH AS) BAIKOTO TEYCHUA
BOLHBIX PacTBOPOB al 4P @ NpH PAIHBIX TEMICPATYPAX

¢, Bec% T K} AH, il AG, xipe AS, Aok
MO2L MORB o oaone o K
293 20,1 19 41,7
1 003 313 186 7.2 30,3
o 333 14,3 6,6 229
353 12,6 6,2 18,0
203 56,0 53 1733
0.07 313 21,5 33 58.1
Y 333 12,0 24 288 n
353 81 2,0 172
291 112,2 58 . 363,2
0,10 313 23,7 L 27 67,4
i 333 10,9 . {8 273
353 6,6 1,4 14,7

Cpasnenne 3padennii AH, AG # AS and pa3HbIX KOHLEH-
Tpauut rpu OAMHAROBLIX TEMOSPATYPAX MAET HAM HOIMOX-
HOCTE YTBEPKARTE, 4TO NPH HHIKHX 1 IPH BBICOKHX TEMIEpPa-
TypaxX KOHL2HTPalUA BIHAET NO-pasHOMY: eCJIH NPH HH3KHX
TeMnepaTypax ¢ yBelHYeHHeM KOHUEHTPAUMM NMpPOYMHOCTHEIE
CBOJCTBE PACTROPOR YBEMUHBAKTCA (PacTBOp CTPYKTYPHDY-
€TCH), TO ¢ YBEIHHEHKEM TEMMEPATYPH 3TOT POCT [HOCTENEHHO
Hede3aeT H, Hao0OPOT, NIPH BBICOKHX TEMOEPATYPax, ¢ BBEaE-
HPEM NOMNMEpa B BOOY DACTBOP ACCTPYKTYPUPYETCH,

TpoTrBopeyne MeXIy BMBOAAMH, CACHAHHEIMH Ha GCHOBE
ONpeieneHHA CTPYKTYPHO! TeMNepaTypal H KA OCHOBE AHANH-
33 TEPMOAMBAMHIECKIX NapaMeTpoR ODBACHASTCA TeM, YTO
CTIPYKTYPHAA TEMIEPATYpa He XapakTepHsYeT cTPYKTYPY HpH
JaHuoil TeMmepaType, 3 CEAlAHA €O CTPYKTYpOll pacTeopa
NaHHOrD COCTARA H SBJITETCA NOKA3ATENEM BIUSHUSA BelneCTBa
K2 CTPYKTYDY PacTEOPA, TOTHA KAK, SHEPreTHYECKNE [lapaMeT-
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Pl CBAIAHBI CO CTPYKTYPOH HMEHHO NpPH AaHHOH TeMNepaType
[10].

B nanmoit paGote Takoke paccMoTpeHo BIHARME KapBaMuia
(MoueBUHE) WA cTymHeoGpasyiomylo cnocobHOCTE arapa M
arapoisl. KoNu4ecTBeHHO 3TO BIMAHUE OLEHEHO [TyTeM OTIpE-
AENIEHAT H3MEHEHHS CTPYKTYPHOH TEMIEPATYPh TPEXKOMNO-
HEHTHBIX PACTBOPOR {10IMMEP-BONA-MOYERHHA,

Kak W3BeCTHO, MOYEBHMA pPaipyilaeT CTPYKTYpY RO,
YBEAHMUBAA OO0 BOMbI B MOHOMONEKYIAPEOM COCTOAHHM,
TEM CaMBIM, CTIOCOGCTBYET POCTY € AKTMBHOCTH KaK PacTBO-

_purena (6], EcrecTBoHHO, paspyuieHe cTPYKTYDBl BOAB MO

BIHAHHEM MOYEBHHBl M M3MEHEHHE CTPYKTYPHON TeMNepaTy-
PH NOAHMEPHO-BOOHBIX PACTBOPOB ALl GbITh BIAMMDCEA-
3AHBI

Tepe K
150

Cuoes. Min

0 8 10 (LI
Puc.3. BI#AHHE MOYCBHHE] HA cmympﬂylb -rcmnc'pmypy YHC-
Tol BOIEl

Ha pHe.3 nokasaHo Bnusiue MOUEBHHLI HZ CTPYKTYPHYIO
TeMNepaTypy 4AcTol BOARL. K4k n OXMAANOCH, CTPYKTYPHAS
TEeMNEPATYPa HeYINIOHHO YMeHbmaercs Jo 0 K npy xoHuen-
TPAUMH MOucBRHE 20 M/A, YTO CBHOETENLCTRYET O MONXHOM
Pa3PYLICHNH CTPYKTYPY BOAB MOYCBHHOH,
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Puc.4. Bnusnme MoveBHER { ¢, =5M/1) Ha CTPYRTYpHpYIOUIYIO

cmocoGHOCTS arapa # araposs! & Bone

Ha puc.4 noxa3aHo BAHMAHEE MOUCEUHEL ( Cyoues = 5 M/I) HA
CTPYKTYPHPYIOYID CNOCOOHOCT: arapa W arapo3sl B BOJE.
CHeayeT OTMETHTD, YTO NMOA AeHCTBHEM TAKOH BRICOKOH KOH-
LEHTPALAA MOICBHHH, KPHTHHMECKAA KOHLEHTpaHuA rencot-
PaszoBadHA YBENHIHBACTCA, H NOITOMY IKCHEPHMEHTR TIPOBO-
Aunuck W npH §oree BHICOKMX KOROCHTPALMAX TNOAHMEPOB NO
CPABHEHHIO € TEM, KOTAA 210 GEL10 B cTyyae $e3 MOYEBAHEL

Kax mraso n3 rpadwika, MoucenHa melicTeylOT Ha 2rap
Gonuineli cTenenu yeM Ha araposy. Ha ato ykassieaer 10, 470
BO-[IEPBBIX: ¥ BOAMMIX PACTBOPOR araposbl 3HAYEHMA CTPYK-
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TYpHOM TeMAepaTypst Gonee BLICOKHE; BO-BTOPLIX: TION AGHCT- CIoCOCHOCTH YXe HeT W MOUEBHHA MONHOCTHIO NpOARASET
BHEM MOUYEBHHBI ¢ koHUeHTpawmeil $ M/, y araposb! Bce ke CRO PaIpyIWIMTelNBHOe CROHCTBO.

COXpaH#eTCs CTpYKTypooGpasylomias cnocolHOCTh, Te., C ABTOpsl BHIpaXaloT GaarozapHocTe mpod. C.A. Abacoby
TORHINIEHHEM KOHLCHTPALMM MONMMEPa CTPYKTYPHAS TeMre- 3a NOMNe3HkIe 00CyXKICHMA.
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E.A. Mosimov, A A, Hasonov, R.N. Ismailova

AQAR V3 AQAROZANIN SULU MOHLULLARININ STRUKTUR TEMPERATURU V&
GELOMSLAGOTIRMO QABILIYYSTI ARASINDA QARSILIQLI ©OLAQD

Me'lumdur ki, agar va aqaroza, hetta kigik konsentrasiyalarda belo gelemolegotiren polimetlordir. Cox giman ki, polimerlorin
gelomelsgetirma gabiliyysti il onlarn sulu mehlullarmin strukiuru arasinda elage méveuddur. Axinnc ise 6z névbesinde mehlulun
struktur temperaturu ile xarakterize ojunur. Ona gore da agar ve agarozamn kigik konsentrasiyah sulu mehlullannin struktur tem-
peraturunun t8°yin edibnesi mueyyen maraq kesb edir.

Ahnmis neticeler gastarir ki, suya agar vo ya agarozamn daxil edilmasile mehlulun strukiur temperataru 147 K-den (temiz su icin
olan giymet) ~270 K-2 geder artir, struktur yaranma prosesi gelemelogolmonin kritik konsentrasivasindan xeyli evval baslayir. Bu
natice hem de, 621t axinin termodinamik parametrlerinin (44 ve 4G) doyismesi ilo tesdiq olunur.

Toqdim olunmus igde suda aqar ve agarozamn strukturlagma qabiliyystine SMA konsentrasiyali karbamidin te'siri Syrenitmisdir.
Alinmig neticeler hidrogen olaqeleri hesabina yaranng strukturun ve mahiulun struktur temperaturu arasinda ferz olunmus garsihgh
elageni tesdiq edir.

E.A.Masimov, A.A.Gasanov, R.N.Ismailova

RELATION BETWEEN STRUCTURE TEMPERATURE AND GELFORMATION
ABILITY OF WATER SOLUTIONS OF AGAR AND AGAROSE

As it is known, agar and agarose are geliformating polymers even at very low concentrations. Gellformating ability of polymers and degree
of structuredness of their water solutions, must be interconnected. The last of these parameters is characterized by the structure temperature of
solutions. Therefore, the determination of structure temperature of low concentrated water solutions of agar and agarose is the certain interest.

Obtained resulis show that with the addition of agar or agarose into water, the structure temperature of solulions sise from 147 K (value
for clean water) to ~270 K i.e., process of structurization begins before critical concentrations of geliformation. This conclusion is confirmed
by changing of thermodynamic parameters (AH and AG) of viscous current. .

Influence of urca with the concentration SM/1 in the system on structurization ability of agar and agarose in water has also been studied in
this work. Obtained results confirm a supposed interconnection between the structure temperature of the solution and the structure, which is

created due to hydrogen bonds,

Hama nocmyraenun: 26.09.2000 Pegaxmop:B.I. Tacues



FIZIKA 2000

CILD VI Ne 4

RECOMBINATION OF HOLES IN DISLOCATION
CENTRES IN AN ELECTRIC FIELD

Z.A. VELIEV, N.A. KARDASHBEKOVA
Nakhchyvan State University, '
The Azerbaycan Republic, Nakhchyvan, Universily campus

Recombination of holes in an clectric ficld in the semiconductors with edge charged dislocations is studied in the paper.
It is shown that the effective cross section of the capture decreases with growth of the strength of the electric field.

The cross section of capture of holes by charged edge
dislocations in the presence of external strong electric field is
considered with allowance for interaction of carriers with
acoustical phonons [3].

However, in the presence of strong electric fields
interaction of holes with optical phonons begins to take the
most important role in the recombination process. The
presented work is devoted to the process of recombination of
holes interacting with both acoustical and optical phonons in
the presence of strong external electric fields.

The question s investigated with the method developed
in [1-3). The temperature of the lattice is considered

considerably low (kT << hw,, T is the thermodynamical

tempetature of the crystal, A, is the energy of the optical

phonon). Therefore, only the processes with radiation of an
optical phonon can be taken into account. We shall suppose
that the potential fields do not cross, i.e. each ceater acts as
an isolated center. As in pure semiconductors the function of
distribution of charge carriers is formed in the result of their
collision with the oscillations of a lattice. The energy gained
with minority carriers per length of free running in a weak
clectric field is small, ie.efl >> RAw,, formation of the
function of distribution is realized with coilision of holes
with acoustical phonons.

The methed of calculation of distribution function in such
fields has been described in [4]. If the intensity of the electric
field increases, then the energy e&/becomes comparable

with ho,. Noo-clastic collisions of charge carriers

p(E) = jp(s)J(E'——é + U, In -E]ded’f =

Here p(E) is the density of the state in the valence band,
p(T)=p(E) at E=kT; L is the length of the dislocation, R
is the Read radius of the edge dislocation,
U, e’f / dmes,a, fis the coefficient of filling of
dislocations of electrons, e is an elementary charge, a is the
distance between atoms along the dislocation line, & is the
dielectric constant of the crystal, &, is the electric constant.

5?!-\/;44 .
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accelerated by the field with the lattice when optical phonous
are emitted begin tw take a great role in the formation the
distribution function, As the result of these collisions of the
distribution function becomes asymmetrical and it is pulled
along the field and the growth of the average energy carriers
decelerates with growth of the field intensity. In very strong

electric fields (e&l >> hm, ), collisions of minerity carriers
with the oscillations of the lattice get an elastic character
again [4).

The cross section of the capture in radiation of an optical

phonon by a hot carrier is calculated from the general
formula

_ f W(E, E' )JI(E)p(E)p' (E' JdEQE"

&
N, < v > [£(E)p(ENE

N

Here W (E, E’) is the probability of wansition of 2 fiee
carrier with the energy E to the bound state to the dislocation
center with the energy of bound E- per unit of time in the
result of radiation of an  optical  phonon

hary(E'= E-hay ), £(E) is the distribution function of
hot holes in the valence band. .The functions o (E) and
p7 (E’) describe the full density of the state in the band and

in the dislocation center, respectively.
The magnitede is determined with the formula
7U,

(52

We carry the calculations in the limiting cases of week
and strong electric fields. In weak electric fields when

kT,<<h o, transitions occur in the bound state with the
energy E'~ hawy.
In this case

P HE ) = p (hay)

% Ll
R2Lp(T)e %

2
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Hete a=e’ f/4nee,akT, u =(E/Emac)? £ is the
intensity of the electric field '

Eope = (6mKT)P2 - (E,) KT / mep,S°n’

A is the numeral multiplier of unit order, U(x, y, z} is

the Cummer degeneracyon hypergeometric function.
|

In strong electric fields when kT, 2k @, the main
contribution o o, is given by captures of catriers the higher
excited levels of the dislocation centre with the bound energy
E'=4 (A determiners the position of the discrete levels in the
dislocation well, L.e in the dislocation well the discrete energy
levels correspond to the negative values of the total energy
[£]<A). The magnitude of A is determined from the
condition | grad . El=0at 2=R, (&) , where

(1% 1ner, / 2akT), at [ ZERER

4 = 2akT -4 [ N\ e ' @
r 3akT |« er,s. JakT
J:ln \/: + ".’g In —= er_-'-,-atrzRo
2 er,é V2 20kT elr, V2 _
2akT/eé ,at,__.% < r S Ry,
=1 )
r, ln(3akT/er,§),at r 2R,
After the not complicated caleulations we have the following exspression for &,
| % o
o,.(8) = 5V2D | kT [ Beg |7 Eoplt 7, a’ expi~ L ) (6)
R 1 ms: |4 h'r, ra
Here D is the numerical multiphier of umit order. The : | ; | 7. 1Y
limits of strong and weak electric fields are determined with 0, (§) / 0, (0) ~ (KT)7" exp ['" Ser +§)

the expression g1 , so that for the crystal -Ge when
n~10%kg, &=16, ng-10¥47, 10781, 5-10°m/5, the
magnitude £, ~10°V/m. It means that in the fields
Enac<10°V/m the formula (3) takes place, but in the filds
& 1,a:>10°V/m. the formula (6) does.

The temperature dependences of the cross section of the
capfure are described with formulaes

As is seen from these formulaes the cross section of the
capture intensely decreases with growth of the electric field
strength. :

G ol8) / Gol0) ~ A% exp ( 4

(1] Z.A.Veliev FTP. 1983, v.17, N7, p.1351-1353;
2] Z.A.Veliey FTP. 1999, v.33, N1, p.1300-1302.
[3] ZA.Veliev FTP. 1983, v.17, N12, p.1436-1337.

[4] VN. Abakumov, V1. Perel, IN. Yassiewich. FTP,
1978, v.12, N1, p.3-32.

Z.D. Veliyev, N A, Qardagbayova

ELEKTRIK SAHASLORINDS DISLOKASIYA MORKOZLORINDS
DESIKLORIN REKOMBINASIYASI

I5de kenar yikld dislokasiyah yarmmkegiriciterde xarici elektrik saholotinda degiklorin rekombinasiyas) Syrenilmisdir.
Gésterilmigdir ki, elektrik sahesinin intensivliyinin artmas: ile zebt ofunmasinm effekitiv kesiyi azahr.

3.A. Beanes, H.A. Tapaawberosa

PEKOMBHHAIIHS ABIPOK HA TUCJIOKAITMOHHBIX BEHTPAX
B SJIEKTPHUECKOM ITOJIE

B gannofi pabote maydena pexoMOUHAINE RIPOK B AHCTOKAURONHLI IEHTPAX BO BHEIIKUX IMEKTPHISCKHX NIOIX.
TloKa32H0, TTC ¢ POCTOM HATPIKEHHOCTH JICKTPHIECKORO I0MA HHPEKTHBHOE CCHEHIE 3AXBATA ALIPOK YMCHBILASTCS.

Hama nocmynrenus:20.11.2000
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CERTAIN PECULIARITIES OF THICKNESS AND TEMPERATURE DEPENDENCES OF
ELECTRICAL CONDUCTIVITY IN Bi4 Tiz;012 AMORPHOUS FILMS

M.M. PANAKHOV
Physics Department, Baku State University,
Academian Z. Khalilov street 23, Baku 370148

BisTi;0;; amotphous films have been obtained by de¢ magnetron sputtering, The electro-physical propertics of the films have been
investigated in a wide temperatare range. ln the range of low temperatures (100-7) K the charge transfer in Bi,Ti,0;; amorphous films takes
place due to the variable range of hopping. In the range of high temperatures the activation energy gradually varies with & successive change of
three different mechanisms of the charge wransfer: the hopping elcctrical conductivity with a constant length of hopping, the activation of holes to
the edge of the valance band followed by their motion through hoppings to the mobility edge. The thickness dependence of conductivity is
explained by hopping mechanism of the charge carrier transfer and by structural transformations of the amorphous films (polymorphism).

Keywords: Bi,T20; amorphous films, remperatuf'e
dependence, electrical conductivity. -

1. Intreduction

The increasing interest in studying the complex disordered
systems is primarily due to certain peculiarities of their physical
properties not found in crystalline states. The ternary compound
Bi,Ti:0; (BTO) belongs to the compounds with perovskite
structure formed by perovskite-like layers obtained on section
of cubic perovskite lattice paralle! to {00!} plane alternating
with bismuth-oxygen layers [1]. Besides, significant differences
in atomic masses and ionic radii of constructive ions in BTO
are responsible for the tendency to structural disorder.

BTO has useful properties for electro-optic, piezoelectric
and memory applications [2,3]. For the memory applications,
electrical properties on the BTO thin films should be
investigated thoroughly [4-7]. In the thin film structure, high
electric fields cause non-linear electrical behaviors. The
practical application of films with a complex chemical
composition is in many respects restricted by poor
reproducibility of their electro-physical properties. Their
appears to be no definitive report of the measwrement and
interpretation of the dielectric response function in bulk
nanocrystaliine ferroeleciric BTO; the difficulty relates to the
fabrication process by which a stable and reproducible material
can be obtained. The Raman spéctrum in the nanocrystaline
BTO is different from that in the napocrystaline BaTiO; Phy
TiOs, etc. 8], which suggests some important values of this
material. Thus it is necessary to find a proper technique to
synthesize the BTO nanoparticles.

Unlike one-component thin-film substances, a large-scale_
potential relief leading to the strong dependence of electro-
physical properties: on the film thickness is realized in the
disordered complex compounds [9]. Earlier investigation of the
crystal structure showed that BiTiyOi, is characterized by
bismuth oxide (Bl;Oz}’ layers positioned between the
perovskite-like (Bi,T010)” layers [10]. Cubic Bi;O; is known
as a fast-ion oxygen conductor, [¥2 the high conductivity
might happen in the internal (Bi, O,Y" layer, which has been
proven in Bi;Ti;0, ceramics, {1 I} whereas the ion conductivity
between the (Bi,0,)°" layers is very weak due to low

conductivity in the perovskite-like (Bi,Ti;0.0)* layers.
Therefore, the first the dielectric peak in Bi,Ti,0,; in fact
on%mates from the induced polarization of the ions in the (Bi,

layers across the potential barrier of the perovskite-like
(B;‘,T:;O.oﬁ' layers. The ionic polarization has a strong
dependence on the external electric field frequency and shows a
dispersion in the diefectric response.

The crystal lattice of Bi;Ti;01 with the perovskite layered
structure shows an increased distortion with decreasing grain
size [12,13], the lattice distortion affects the ionic conductivity
in the (Bi;0,)* layers, and increases the potential barrier of the
perovskite-like layers. As a result of this, the first peak in the
curve of temperature dependence of & (dielectric constant)
shifts to a higher temperature with decreasing grain size [13].

Jeakage current behaviors in some. ferroelectric thin films
have been investigated, and wvarious conduction models,
including oxygen vacancy diffusion, grain boundary potential
barrier height, tunneling space-charge-limited {SCL}) emission,
Poole-Frenkel (PF) emission, and Schottky emission, have been
proposed [14,15]. Moreover, different physical origin, such as
electrode kinds, charge injection, film composition, and micro-
structures were suggested [16,17]. Therefore, studies of
thickness and iemperature dependence of | electrical
conductivity in amorphous BiyTi;Oy; film are important for
most electricat application.

2. Experimental

The BLTi;0;;, thin films obtained by d¢ magnetron
sputtering were used for investigation [18]. Before sputtering
the pressure in the chamber was about 1.2x10 Forr. Then the
sputtering was carmried out in argon-oxygen atmosphere of
1.2x10% and partial pressure of Ar 95% and O, 5 %. The
strocture of the deposited films was investigated using electron
diftractometer EP-100 and electron microscope EM-14. The
chemical composition of the films was determined by local X-
ray spectral method on scanning electron microscope REM-101
M by comparison of spectral line intensity relation for films
and standard sample. The glass ceramics piates cooled to 250 K.
with the chorium-copper-silver contacts were used as
substrates, Three layers of contacts provide their strong
electrical conductivity, heat conduction and adhesion. The
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investigation of the current flow through the contact areas and
amorphous films revealed a linear character of the dynamic
current-voltage characteristics for the currents of 25 mA
confirming the ohmicity of the contacts. The reproducibility of
the shape and mutual positions of contacts and amorphous films
were achieved using bimetallic masks obtained by
photolithographic techniques. The electrical conductivity was
measured by the two-probe method. In a previously published
series of articles, difference can arise from the use of different
electrode rmaterials. A relative error of the electrical
conductivity measurements without taking into account a
systematic error due to the definition film thickness was +
1.5%.

The relationship between current and. voltage for a space
charge limited system is well known (as the Langmuir-Child
Law). In vacuum the space charge current J is given by

J=(-4/9) &0 (2e/m) VAd* V2 (1)
Where ¢, is the permittivity of free space; A- the area of the
capacitor cell; d - its thickness; and ¥ - the applied volage.
However, in a solid Eq1) is significantly meodified. As
discussed in detail in, for example, Tredgold’s monograph {17-
19
J=a (V/d) +b(V/d}? (2)
in solids that have a low trap density and a high dielectric
constant.

In Eq. (2) the coefficient « is a constant independent of the
electrode materials, but the coefficient b depends strongly on
the nature of the cathode material. At very high cumrent
densities the dependence upon films thickness becomes o™,
rather than the bV #d7? dependence shown in Eq.(2); but for
the low leakage current values appropriate to our films, the
inverse square dependence on thickness given in Eq.(2) is
correct.

The presence of such a work function mismatch at the
elecode interface can in principle result in several different
kind of electron emission and leakage current: Schottky
emission, Frenkel-Poole emission, and tunneling (fieid)
emission can be identified by their voltage and temperature
dependencies, which are, respectively, T?exp (hV/7771/2
eF/kT), Vexp(2hV/?""1/ 7 eF/kT), Viexp(-m/V}.
In general it is not easy to distinguish among these three
mechanisms and that of space-charge limited currents Eq.(2);
one must measure current [ versus temperature T and thickness
d, in addition to voltage to separate out each contribution. At
high fields (10° V/cm) and high temperatures (above ambient)
the dominant process is expected to be Frenkel-Poole emission.
At slightly lower fields and temperatures (300 K and 10*10°
Vicm), Schottky emission should dominate [20,21]. The
Schottky emission and space-charge limited current are not
independent of each other, as Sze emphasizes explicitly, “For
large space charge effect, the tunncling characteristic is found
to be very similar to the Schottky-type emission”. The space-
charge limited current resuits from carriers injected into the
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insulator where no compensating charge is present. (A Schottky
barrier may our may not exist at the interface.) At high voltages
this is almost indistinguishabie from Schottky emission, for
which a plot of In (1/T%) versus /T yields a straight line with
slope piven by the effective dielectric constant of the
ferroelectric film.

3. Results and discussions

The behavior of the temperature dependence of electrical
conductivity of the BTO amorphous film is shown in Fig.1. The
activation energy continuously with decreases temperature. It is
typical of the variable range of hopping mechanism of the
charge transfer.
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Fig 1. The temperature dependence of electrical conductivity of
BT amorphous films  for different thickness o 1-
0.006 pm; 2-0.13 pum; 3-0.4um; 4-0.9um; 5-1.6pm; 6- 2.4um.

Initial dielectric investigations in single crystal of Bi,Ti,O,;
revealed that there are two dielectric maxima at about 300° and
500°C in the direction of the ¢ axis, besides a dielectric jump at
the Curie temperature (676°C) [22). Later, Ehara could not
repeat the peak at 300°C and attributed the difference to the
surface charge due to nonohmic contact of electrodes [23]. The
peak at 500°C shows a strong diclectric dispersion and
disappears as the frequency increase to 5 MHz, the origin
considered by Fouscova is related fo the intrinsic charge
polarization [22]. The temperature dependence of the dielectric
constant indicates that there are three peaks in most samples
with differemt grain sizes. The peak at 306°C, as reported by
Fouskova and Cross in single crystal Bi,Ti;0,, [22)], disappears
from the curves due to the difference in the nature of the
electrical contact [23].

As is known, in materials with the Fermi level in the range
of the localized states, a low-temperature dc conductivity is
established by the carrier hopping through the states in the
encrgy and above the Fermi level and decreases with
decreasing temperature [24]. Such a conductivity is
characterized by so-calied “moving” activation energy and is
determined by the distribution of the states (in coordinate-
energy space).

Three additional nonlinear conduction theories that may be
observed in thin-films materials can be described with



J=Jd,exp (BEY?/kT)

(3)

* Inciuded among these conduction theories are Schottky-
barrier-controlled  conduction,  Poole-Frenkel  hopping
conduction, and Pocle-Frenkel hopping conduction with
shallow traps. In Eq.(3), and .J, is a constant and j is a constant
that changes value with changes in the conduction mechanism
[16,25]. The constant =85 is given by

B.= (e’ /4 meyKeo)1/? {4)

For Schottky-barrier-controlled conduction; Koo is the high
frequency dielectric constant.

Poole-Frenkel hopping conduction and Poole-Frenkel
hopping conduction with shallow traps are represented by
using B=p,=28 and B=fps=48. for Poole-Frenkel
conduction and Poole-Frenkel conduction with shallow traps,
respectively. Since all three of these conduction methods are
described by Eq.(3), the dominant conduction mechanism is
differentiated by determining the slope of the In (Jy -V4/?
curve. The refractive index of the material may be calculated
from the slope by using the relation n=k""%»0 ; comparison of
the calculated refractive index to a measured value of the
refractive jndex reveals which conduction mechanism is
operative,

The conclusions of laws for hopping conductivity [26] are
strongly simplified in the assumption of the energy
independence of localization radius. In this approximation, the
conductivity is described in terms of the distribution of the
density of the localized states, by possible correlation effects
such as the large-scale fluctuations decreasing in some cases
the effective dimensionality of the coordinate space, by the
interaction of carriers decreasing the density of states near the
Fermi level, or by the nearest narrow (defect) bands responsible
for decrease of the density of states, on average, through the
narrowing energy band of hoppings. Taking into account these
effects for the conductivity ¢ when g (E) =g | E|" {E is the
energy from the Fermi level) in the case of the arbitrary
dimension &, we have

o=gexp- (Ty/T)*
x=n+1/(n+d+1)

()

Where &, is the constant, T, is the value depending on the
density of electron states near the Fermi level, & is the
dimensionality of space, n is the index of power dependence of
the electron density of states near the Fermi level on the change
carrier energy [26]. In the lack of correlation, i,e. at the chaotic
distribution of states n=0, =3, x=0.25 and the expression (5)
transforms to the well-known Mott law [24]. Due to
correlations, the temperature dependence becomes stronger
leading to the large values of x. The Exp.(5) is usually
confirmed experimentally by a satisfactory “linearization” of a
low-temperature region the curve of log o as a function of T°%,

63

For analysis the Zabrodski method was ysed [27). According
to this method, the expression (5) is given in the form of the
equation system:

Log =A-xlog(T),
w=l/T[§logG) 78¢1/7) ]

Where A is constant [28]. Then, by the graphical method,
the x value is determined using the depending on the density of
electron states near the log(w)=7(log(T)) dependence.
Figure 2 shows the graphs of ZIog(w)=f(log(T})
corresponding to the temperature dependence of electrical
conductivity of BTO amorphous films given in Fig.1.

~
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Fig.2. The logw=£ (1ogT) dependence of Bi,Ti;0,; amorphous
films with different thickness d; 1-0.006pm; 2-0.13 pm; 3-
0.4pm; 4-0.9pm; 5-1.6m; 6-2.4m.

The linear part of the diagram (Fig.1.) indicates the hopping
mechanism of electrical conductivity determining the
temperature dependence of the activation energy. The linear
regions pronounced form films of large thickness are also
observed in the above diagrams at x=(0.26-0.28) £0.02. With
decreasing film thickness the relation (5) does no longer
describe the temperature dependence of the activation energy of
the electrical conductivity. In the temperature dependence of
the electrical conductivity in the range from T, (7 is the
temperature of the deviation of the 2og (o) ~T* dependence)
to 300 K continuous decrease of activation energy with
decreasing temperature takes place. Due to a total
reproducibility of the temperature reverse behavior of electrical
conductivity, one can assert that there is a lack of irreversible
processes of film crystallization in the above temperature
region. Therefore to explain, a continuous change of activation
energy at T >T,; an additional analysis of possible mechanisms
of the current transfer typical of the disordered systems is
needed.

The probability of hopping from one localized states to
another one is determined according to [29] by the relationship

P=Vexp(-2aL-A/KT) 6)
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where V is the value depending on the phonon spectrum, a
determines radius of a localized state, L is the hopping length,
4 is the difference in energies of the two states between which
fhe hopping takes place.

At temperature of T >T, in the exponent of (2) the
summand A/KT determining the temperature dependence of
the activation energy dominates. At T>T,; the summand 4/XT

becomes negligible and the probability of hopping is

independent of temperature. In this case, at temperature close to
T, the hopping length will be constant and the hopping
electrical conductivity is determined by the following
expression

g=01exp (AW /KT) ¥
where o is a constant, AW, is the activation energy of hopping
[28].

Hence, T >Tq4 just near T, the linear regions with x=1
should be observed, However as seen in Fig.2, such regions
near the T, are lacking for the thin films that can be due to
energy position of the active centers [28]. At T, the sing of
thermal elf in films is positive [30] and the conductivity can be
realized due to the change of state of holes at the edge of the
valence band E,., followed by hopping to the mobility edge
[28]. Then,

o=gexp (Ey- Ey—~AW,) /KT (8)

Where o; is a constant, AW, s the activation energy of
hoppings through the localized states as the holes move from
E, to E.. In the range of high temperature (7~300 K) a charge
transfer is determined by the holes excited to the mobility edge
E, separating the localized states from the nonlocalized ones. In
the case

0=0Onin €XpP (Er—Ec) /KT %
where gp;, 5 2 minimum metallic conductivity [28]. Hence, T
>T, three electrical conductivity mechanism determined by the
expressions (7)-(9) are possible, and the smearing of
temperature limits of the wansition from one charge transfer
mechanism to another one leads to a principal change of
activation energy.

As the investigation show, electrical conductivity of BTO
amorphous films was found not to be saturated up to the
thickness of 2.6 um that is the major peculiarity of such films.
A similar result can be explained by the effect of two factors.
First, as the film thickness increases, a structural transition from
one amorphous state to another (polymorphism) is possible
[31]. Secondly, the dependence of electrical conductivity on
thickness can be due 10 a hopping mechanism of the charge
transfer when the following relationship is fulfilled:

Ina (o) fo(d)=(L/d)" (10)

where o o) is the electrical conductivity of infinitely thick
films, o (d) is the electrical conductivity of films with the

thickness d, L is the hopping length v is three dimensional
index of correlation radius [31],

v

41
3

21
1 b

o 23 50 75 OG0t alm?
Fig.3. The dependence of the correlation radius index v on of0)
of BTO amorphous films

If the polymorphism in films of different thickness can be
reduced te minimum by specific technological methods, then
the hopping mechanism of the charge transfer is a necessary
and a sufficient condition for the presence of the thickness
dependence of electrical conductivity obtazined from the
retationship (10). As the v in (10) is independent of the film
composition a2nd numerically is equal to ~ 0.9 [31] one can
determine a three dimensional index of correlation radius by
studying the dependence log
logfofeo) fofd) Jof (logd). The dependence vaffo
(o) ] is shown in fig. 3. As seen in fig. 3, v=0. 9atofee)=1
O'm’. A similar numerical value of o () is typical of
thickness of ~ 0.6 pm.

Hence, the saturation of hopping conductivity with increase
of the thickness should be observed at d~0. 6um, and the
deviation from the dependence (10) can be explained by the
short-range order structural variations of films with the change
in their thickness.

4. Conclusion

Thus, in the range of low-temperatures (100-T,) K the
charge transfer in BTO amorphous films takes place due to the
variable range of hopping. In the range of high temperatures the
activation energy gradually varies with successive change of
three different mechanisms of the charge transfer: the hopping
electrical conductivity with a constant length of hopping; the
activation of holes to the edge of the valance band followed by
their motion through hoppings to the mobility edge. The
dependence of thickness is explained not only by the hopping
mechanism of the charge transfer but also by particular shot-
range order structural variations. '
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_ M.M. Peanahov _
AMOREF Bi,Ti,0,; TOBSQSLORININ ELEK TRIK KECIRICILIKLOR{NIN TEMPERATUR VO
QALINLIQDAN ASILILIGININ B&°Zi XUSUSIYYSTLORI

BiTizO17 amorf nazik tebeqesi sabit cereyanda magnetron tovlanmasi ile ahnmigdir. Onlann clektrofiziki xasseleri geniy temperatur
oblastinda tedqiq olunmusdur. Asaf temperatur oblastinda (100-Tg) K amorf BisT1O1: tebeqalerinde yiikdaginmas: sigrayis mexanizmi
ile bag verir. Yilksek temperatur oblastinda aktivlegme encrjisinin deyigmosi, yikdasmmanin ii¢ mexanizminin gostarilen deyigmasi ila
bag verir: sabit uzunluqlu sigrayigh elektrik kegiriciliyi, desiklarin valent zonasimn kenaring dogru aktiviesmesi ve onlarm sigrayisla
kegirici zonann kenanna kegidi. _

Kegiricitiyin qalinhqdan astlihi yiikdagimmanin sigrayis mexanizmi ilo ve amor{ tobsgalerin struktur deyismelari ila izah olunur.

M.M. ITanaxon

HEKOTOPBIE OCOBEHHOCTH 3JAEKTPHYECKOA MPOBOIUMOCTH B AMOPOHBIX ILIEHKAX
Bi, Ti,0; B 3ABUCHMOCTH OT TEMIIEPATYPbI H TOJIHHB] {ITEHKH

AvopdHbie nreaxH BisTixOi; GbUH DOIYHEHE MarHETPOHHENM PACNLITEHHEM HA TIOCTOAHHOM TOKE. Dnerrpodusneckue caolicTna Buims
ACCASIORAHEL B WIKPOKOM TEMACPATYPHOM huTepmane. B 06macTH HHIKMX TeMmeparyp {100-T.) K nepesoc 3apana B aMophHEX DIEHKAX
Bi;Ti;Oy; mpoucxoaut Gaaroneps MphixkaM. B 06NACTH BEICOXWX TEMIEPATYP SHEPTHS AKTHBAUMH IHAUHTCTLHO HIMEHACICA CACAYIOUHMH
HIMEHEHWAMH TPEX PASNHUHBI MEXAHM3MOB (CPEHOCA 33PAA: TPLDKKOBAA INCKTPHUSCKAA MPOBOAHMOCTE ¢ MOCTORAHHOH SARHOH MpaDKERS,;
AKTHBANMA NHPOK HA KpaH BaneHTHOH JOHM ¢ NGCICAYIOLIHM HX NPLUKKOBEIM NCPEXOLOM HA kpali 30U NPOBOAHMOCTH. 3ABHCUMOCTL
NPOBOIMMOCTA OT TONMGHHA OOBACHASTCA NPEDKROBLIM MCXAHIIMOM REPEHOCA 33PATE B CTPYKTYPHRIMU HIMEHCHUAMH AMOPHLIX NACHOK
{noammopdusm). :

Hama nocmynnenus:(9.11.2000 Peoarmop: C.H. Mexmuesa
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CTAPEHHE JIEKTPOJIOMHHO®OPOB C 3EJJEHHIM CBEYEHHEM

0.b. TATHEB
Hucmumym Ousuxu AH Asepbatidscarna
370123, Baxy, np. [xcasuda, 33

C.IAOTACAHOBA
Asepbaiioxcanckuii Meduyunckui Yuugepcumen,
370022, Baxy, yr. Baxkuxarnosa,23

B nanrol pabote HaGnionaeTed cTapeHns aneKTpOMOMHHODOPOB Ha ockone EuGa,S,: Co B Tevenue 30 YaCOB NP HANPRKCHHM 250B
w wactore 1,1 kTu. [Toxkazano, 4T0 CTapeHHe MeKTPOMOMUHODOPOR CEAIAHO C INEKTpOInPYINOHHEIMH MPOLECSEMH.

HHTeNCHBHOCTE 3ICKTROIOMIHOGOPOB, pafoTaioliiX Ha
NEPEMEHHOM WY [OCTORHHOM HATPAKCHRH, MOCTCNEHHO
YMEHBIIACTCH, DTO ABNCHHE CBA3AHO CTAPEHHEM MOMHHO-
popos (1-3). CTapenne NOPOLIKOOGPA3HBIX INMEKTPOMOMH-
HO(OPOB MMeeT [BC OCHOBHBIE COCTABIAIOWIHE, KOTOPHIE B
pasfoil Mepe NPOARIAIOTCA B Cydae CyXHX ¥ BAAKBBIX
HICKTPOMOMHHOBOPOE.

CraperMe Cyxix MOMHRODOPOB ONPEACAAETCH 3NEKTPO-
AnGOYINOHHEMHE IPOUECCAMU B OGIACTAX CHISHOIO NIONA. B
_pesynbTate Apeiitha MONOKHTENLHO 3APAKEHABIX NOHOPOB,
ofpasyromnx TPOCTPAHCTBEHHBIH 3aPAN, TIALAET HATMPANCH-
HOCTS HOAA H TOK HHNEKTHpYeMBIX 3MeKTPOHOB, T.€. CO Bpe-
MeHEM YMENBINAETCA HHTEHCHMBHOCTb W3NTYYEHHA 3JCKIPO-
momukodopa. Crapenne IMEKTPOTHGGHYIHOrO APOUCKOKAL
HiLA YGHICTPAETCA M0 Mepe YBENWYEHHA HANPAXEHHA U TeM-
mepatypsi (4).

Bi0pas KOMAOHCHTA CTADEHHSA CBA3AHA C MOTEMHEHMEM
momdiodopa, paGoTalOIETs B NPHCYTCTBHH BAATH. po-
HHKHOBEHME RJIAFH B AMANEKTPHK MPHBOLUT K YBCIHMCHMO
0 cpedHeil QUAMCKTPIICCKod NPOHHIAEMOCTH H K COOT-
BCTCTBYIOIIEMY YBEAHICHHIO TICPEMEHHOIO HANpKEHHA,
MPAXOMALIETC Ha 3CPHA MOMHHOOPA, 4TO NMPUBOAHT K 6n-
CTPOMY CHIDKCHHIO HHTEHCHBHOCTH HITYUEHUA.

B naHHO# paloTe paccMaTpMBASTCA NPOHECC CTAPEHHS
3ACKTPOIIOMHHOGOPOS Ha OCHOBE MOTMKPUCTATHMECKHX
obpasuos EuGa;S, :Co.

OILER

108

000 LF s ALk

¥

o080 -

o0+

080 1 1 —L

a = n 30 war

t —»
Puc. 1. Crapesne moMHAGHODA ¢ 3CNEHBIM CRETICHHEM

TMomuKpHCTALIMECKHE 00paslbl Y3MEMbIATHCE B IPABH-
HOMeTpe ¢ pasMepoM 3epet 20 M. Cycmensis, AIroToB-
JeHHan H3 nopoika nonuxprcramta EuGa,S; :Co 1 uzonv-
PYIOIIEro OPTaHMYECKOTO MATEpHANa, HAROCHIACch Ha Mpo-
spaunoe mpopomamee (SnOy) crewno. Tlocne THIATenBHOH
CYLIKM TEPMHUECKUM HATIBUIEHHEM Ha AKTHBHBIA MaTephail

HanocHnes MerannwdeckyuM anektpon. [ HalmoneHHs
anekTpomoMinecterumn (3JI) HCNoNB30BANUCE PAMIHIHbLE
KoHTakTHbIe Marepuans (In, Cu, In-Ga, Al). HecMoTpa Ha 1O
10, RENMYHHA TOKA He 38BHCHT OT NOJNAPHOCTH NPINOKEH-
HOPO HANPHXEHWI K KOHTAKTHOTO MaTepHana, HanGonbiLaA
APKOCTh HAGNIGNAETCA, KOTAA KOHTAKTHEIM MaTepHaIoM on-
HOO 3MEKTPOAA CITYXKHT ANOMHHAN, a apyroro SnO,.

B xauecTHe HCTOMHAKOB CHHYCOHIATHHOM0 HATIPAKEHHA
MCTIONB30BAH TEHEPATOP CHIHAIOB HU3KOR YacToT! THOA I'3-
56 uepes nomsuuaromnii TpaHcdopMatop. Pervcrpauia
CIEKTPOB IMHCCHI OCYIECTRALTACh Ha criekTpomerpe CIIT-
1 ¢ goroymuokuTerem PIV-39A npn Temneparype 293K 8
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Puc. 2. CeKTp INEKTPONIOMHHECLICHIIHM B IEPOLILCCS CTapeHNA.
=250 B, v=1,1 I'1] | ~ B nasanc paGoth

2 - 10 vacos pabots

3 = 20 uacon paboTe!

4 = 30 wacor paBots

MameHenne auTeHCcHBHOCTH DJ1 B mpolecee HETPCPshIB-
HO# paGoTb! Habmonanock B redeHue 30 yacos. Cnan wuren-
cusHocTH HeoOparnM, Haubonee HHTCHCHECH B NepBRle Hachl
paboTh i 3aMELIACTCA ¢ TeHEHHEM BPEMEHH (pne.1).

UrTencuprocTy 3JI co BpeMeHeM ONTUCLIBAETCH Chle-
Rytomedi sMaupwyeckol dopMynolt (3).
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HHE 3.J1 NIOMHHO:

e B, By cOOTBETCTBEHHO, TEXKYIIES B HAUANLROS 3HA-
9eHKA MHTCHCHBHOCTH, t-BPeM3, B TEUCHHH XOTOPOre HiMe-
pAnock ocnatnenne HHTCHCHBHOCTH DJI, t.-BpeMA, 34 KoTO-
POE MHTEHCHBHOCTL CHIDKA¢TCA HATIONOBHHY, T.¢. BpeMs no-
. nycrnana. BpeMa nojtycrnaga B HallMX SKCNEPHMEHTaX HMEET
sHadenMe t.~13,75 4ac, 3ABHCHT OT XHMMYECKOIO COCTABA
ANEKTPOMOMHHODOPE, KOHCTPYKIHE 31CKIPOMOMHHECULHT-
HOre KOROGHCATOPR, TPHPOOM CBA3YIOWEro IHIASKTPHEKS,
peXHMa Bo3BYKICHHA, NapaMeTPOB OKPYAErOLieH cpembl
(TeMriepatyphi M BIAKkHOCTH) (6).

Ha puc. 2 nokasan cfiextp DJ1 npu pasHbIX 3HAYeHMAX
ppeMeny paboTl. BHAHO YTO, KPOME YMEHbIIEHHS HHTeH-
CHBHOCTH JHOMHHECIEHIXH NPOUCKOAKT CRBHI MaxCHMyMa
CNEKTPa HATYUEHHA C JENEHRM CREUEHNEM B LTHHHOBONHO-

LIEHRM CBEYEHHEM

Byi0 obnacte. 31 oOmacHserca ofwuHo paipymieHWeM B
TpOLECCe CTApeHKA UEHTPOR 3MeHOM MOMUHECIeHnME. B
3TOM cNyuae MOBIWIEHHE HANPSKEHHA Ha MUXKPOKPHCTAILIAX
MOMIACDOpA NOMKEO CocoGCTBOBATL CABMTY chekTpa 3J1
B TIPOLSCCE €70 NETPANALEH.

Tawnm o0pa3omM, CTApeHHs IEKTPOMCMUHOGOPOB BA
ocHose EuGasS, :Co onpegensercs npexae BCEre MEKTpo-
aapdysHOHHMME — NpoucccaMy.  PEsymbTaThl  H3YMEHHA
CBOHCTB H MEXaHH3MA CTAPEHKA MO3BOJACT COCNATE HEKOTO-
pble BBIBOJBI, OTHOCALIMECA K COBepllicHcTBOBaHHMIO OJi
CTPYKTYP B BbIGODY ONTHMANBHBIX PEIKHMOB HX 3KCTNyaTa-
i1

[1) B.IT. Hepxau, B.M. Kopcyncxuil. InexTpoaioMuHeC-
ueHTHble ycTpodicrsa. Kuep: Hayx. dymka,1968.

302c.

[2) HM.K Bepewazun, 5.4. Kogares. Bonpocsi (H3HKM
snextpomomuiecueHuny.  Knes: Hayx,  Hym-
Ka.,1975,c.85

I3) H.K Bepeaeun, 5.4 Kosanes, B.A. Cenesnes
KIIC,1977,1.27.,6.739.

[4] H.K. Bepewozun, B.A. Ceresnes. XKIIC, 1978, 1.28,
c. 1024,

[5] HK Bepewazun. SnexTpOMOMHHECLCHIMA KpH-
crannon, M.1974, 279¢c.

{6] MK Bepewazun. DACKTPOMOMUHECUSHTHBIE HC-
TogHKKM cBeTa. M: ueproaromusaar.,, 199).,168¢.

O.B. Tajiyev, 5.E. Hasonova

YASIL RONGLi ELEKTROLUMINOFORLARIN KOHNBLMOsI

Taqdim olunan isde, 1.1 kHs tezliyinde va 250 ¥ gorginlivinde EuGa;5,:Co eicktroliminoforlarmmn 30 saat erzinda kdhnalmasi
prosesi tedgiq olunub. Mileyyen olunmusdur ki, elektroliminoforiarimmn kéhnelmasi elektrodiffuziya mexanizmi ile alagedardir.

O.B. Tagiyev, S.E. Hasznova

THE AGING OF GREEN COLOUR ELECTROLUMINOFORS

In sepresented work there was observed the aging of EuGa,Sa:Co elektroluminofors during 30 hours under voltage 250 V and frequency
1.1 kHz. It was determined that the aging of electroluminofors is connected with the mechanism of electrodiffuzion.

Hama nocmynsewun: 22.11 2000

Pedaxmop: M T, Ilfaxmaxmuncrai
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OBPATHMBIi 3JNEKTPOOIITTHUECKHH SOOEKT NAMATH B CMEKTHYECKOM 4
KU AKOM KPHCTAJMIE C ‘lACTOTl{Oﬁ WHBEPCUE AHH30TPOIIHN
AHAJEKTPHYECKOH MPOHUIIAEMOCTHI

A.P. AMAMAJMEB, IILHL LIHXAJUBENIA, M.B. BABAHJIbI,

C.3. TEMUPHHA3ZOBA
Eaxunexuii locydapcmeennuiil Yrusepcumen,
370148, Faxy, ya. 3. Xanunoga, 23.

B nanyol paboTe Mbl MORYHHER CMeKTHYECKHH A HHAKMA KpHCTAAR € yacTOTHOW HHBEPCHEH AHHIOTPOTHH BHMIEKTPRYECKOH NPOKH-
LacMocTH (Ag) TIYTEM CMEIUTHBRHHA ABYX RHAKHX KPHCTANIOB € NPOTHRONOACKHEIMH HEKAMH AF BLILIE MACTOTH WHBSPCHA 4e~0, uro
[O3BONRET OCYIMECTBHYD TINAHAPHO-TOMEOTPONHBI EPEXOL, B HIKE Jroif 9acToTR Ae<Q, 4TO NOIBOARET OCYICCTBHTE TAIKS nonepoH

apenT - rOMEOTPOTIHO-NNARApHud nepexon.

1. BBEAEHHE

J3BECTHO, UTC dNeXTpeonTHHeckue SHPeKTb! B CMEKTH-
HECKMX A KNIKHX KpUCTannax NpoMcxoaat ¢ NaMaTkio. 310
NOIBOIAET CHIBHO YAPOUWATh SNEKTPOHHBIE CXEMb] YTIpasJc:
HUA mnnxoxpnc*rannmecmm ANCTNes, €CNH €CTh BOIMOX-
HOCTh OCYIeCTBATb 0BpaTiMBIll nepexon ¢ (OMOLIBK> IACK-
TpHueckoro noad (cTvpanue). JI0 HeIapHAX BPEMEE OTY
npobagmMy petsand cNERyIOLIMM obpaioM. [Lna 3anncH WH-
HOpMALHH  HCNONBIOBATH cMEKTHUECKHA A MHAKHA Kpy-
crann ¢ Gonbliof TONOKUTENLHOH apWioTponueit Iuanek-
TPAMECKOA MPOUHUAEMOCTH {A&>0) W, NONaBAA BHICOKOHAC-
TOTHOE NIOAE (NOPAAKA HECKONBKO KHNOTEPLL), OCYIISCTBAAL
IAHAPHO-TOMEOTPONHLL NEPeXol. JIns cTHpanuws *e M-
IONb30BaNH HUIKOUACTOTHOE (HANpPHMEP. 20T W) anexTpue-
¢KOE 1107, KOTOPOE BhI3bIBAET IMEKTPOrHAPOMBHIMIHECKYIO
xeyerofausocts (37IH), NPOABIRIOULYIOCH KaK nepexon 3
TOMEOTPOTIHOrO B DACCEHBAIOLIEE COCTOAHNE. Ioapobuyio
undpopMaLHic O TakoM cnocofe YNpaBneHHa AHCIIEEM
mosxcHo HaitTh B paboTe [1]. Henocrarok 3roro cnocoba co-
crouT B TOM, uTo OTJAH — 370 TOKORbIA sdidexr, KOTOPHIA
OTpaHHYHBACT LOJINOBPEMEHHOCTS pabotsl AMcnies H3-3a
600 XHMHMHMECKOTO PEINONKCHUA KMIAKOTO KPHCTANAA.
Kpome Tor0, noTpebaseman aHCrIeeM IHEPTHA TAKKE YBE-
nansaeTcs. Utobu wibekars 570, B JAaHHOM paboTte Mbl
npeanaragd HCNOALIQBATE cMEKTHUECKHA A WHAKMA KpH-
CTEJU1 € YacTOTHOW MHBEpCHEH aHU3OTPOMHM AUIACKTPUC:
cKOil NPOHULASMOCTH: BhILIC yacToThl BHBEPCUHN (o)} AE> 0,
uTO NO3BORALT OCYMECTBHTH MIAHAPHO-TOMEOTPOTIHLIA ne-
pexon. Huxe 9T0H 4aCTOTH Jde<(, TorAa BO3MOKHO H MOX-
HO OCYHIECTBUTh TaKKe NONCBOH afgekt - TOMEOTPONHO-
TnanapHeift nepexoa. Kpome 31010, GBIIH HIMEPEHLL HEKO+
TOPbIE XAPAKTEPHCTHRH YKAIAHHEIX addextos.

2. OBBEKT HCCAEJOBAHUA

Tlepprifl cMEKTHUECKAT A KUAKUH KPUCTANN € YACTOTHOH
KHBEpCHEH AKANEXTPHYUECKON NPOHHLAEMOCTH Gun npeano-
et & pabore [2]. BewectBo Ouino OBHOKOMIIOHERTHRIM B
UMEN0 MOROMUTENEHOE 3HAUeHHe AL HIDKE HexOTopoll Hac-
TOTHl £ W - OTPHLATENBHOE JHAYEHHE Ag euie £, Ilpen-
NOWEHHBIl HAMH CMEXTHYECKUA A JIKHAKHIE kpucTant npoae-
NAET NPOTHBOTIONOKHOE CROHCTBO H ABIACTCA CMeChi0 IBYX
CMEKTHHECKHX A AYIKHX KPHCTALI0B

1.
csﬂ.;o@- coo-@- OCH
S
. No

2

.IJC;H”O-@- coo- @ OCeH 3

¢ TeMnepaTypamMn GasoRsX NEPEXOLOB

31°C 71°C
Cryst «—>SmA «—> |

55°C 71,5°C

Cryst <> 3SmA 1

B MOJILHOM COOTHOIWICHUH 2:3 _

H3mepenvie AMANCKTPIHeCKoA IPOHULACMOCTH XHAKOPO
kpucTana Ssu10 TPeBEASHO TPAIHIMOHHRIM cnocoboM Kak
OTHOUICHWE €MKOCTell 3amoaneHHoft  H MyCTOH  AMeEK:

£ .B cryuae nnanapHON OPHEHTAUMH KHAKOTO KpH-
Co

cTaijla TIONMyYRM £y, 4 B CyHae romeoTpontol -y, MocT
nepeMenHoro Toka E8-2 no3BOMAET C BOCTATOMHOH TOUHO-
CTBIO M3MEpPATh EMKOCTh AYefki B HaCTOTHOM UHTEpBaNE OT
200 T o 10 kTU. MEKTPOONTHMECKUE XaApaKTEPHCTHKU
GLiny M3YMEHB Ha YCTAHOBKE, coGpannoit Ha ocHobe nons-
pH3ALUOHHOTO MUKpOCKOTa Fonam -111.

£ =

3. PE3VJIBTATDI

Ha puc.} noxazanbl HacTOTHBIC 3aBHCHMOCTH £||, &1 1 A&
OTEEMLHMX KOMIIOHEHTOB, a TAOKE WX CMeCH B MOABHOM
cooTHOWeHNK 2:3. KaK BiHO, AHM3OTPONHA ARINSKTPHIC-
cKO#  TIPOHHLAEMOCTH MEHACT 3HAK MPU HaCTOTE Fa850I 0.
Brime 3Tofl 4acToTH! A£>0 H, HAYKHAA C HACTOTLI 1500 T,
[OUTH He MEHAET 3HaueHHe, a Hitwe Lo, Ag<D ¥ pe3xo yne-
MYMBAETCA MO MOYTH C NOHIWKEHHEM HacTOTEL. HoatoMy,
nopor NNAHAPHO-TOMEOTPOMHOIO adipexra Boime 1500 T'u
MOYTH He 3aBACHT OT 4acTOThl (WA AH¢HKY ¢ ronunsol 12

W




MrM OHA papHa 180 B), a mopor roMeoTponHO-TUIAaHAPHOTO
nepexona pPe3ko NakaeT ¢ yMeHbLeHeM 3acToTe, Ha prc.2
MOKA3aHBE YACTOTHEIE 3ABHCHMOCTH MNOPOra rOMeOTPONHO-
TIaHAPHOTO TIEPEXOAA TPH Pa3zHBIX TONIIHHAX.

13

" nf

Faly

Puc. [ YactoTHeie 3aBHCHMOCTY SHHIOTPOTTHH RHIACKTPHYEC-
KOH NPOHHUASMOCTH KUK kpHetannop 1 (), 2 (¢ u
UX CMECH B MONBHOM COOTHOMECHHN 2:3 (+)

4. OBCYAKIAEHHE PEIYJAbTATOB

Bermectsa 1 ¥ 2 CHIBHO CMEXTONSHHEl H XOPOLIQ CMEMIH-
BaioTC, 00pasyd cMeKTHIecKyo A dasy B HHBPOKOM Temie-
patypHoM nnTeppaie. Mofekynn ofoHx BemecTs obnanaiot
cHIBHOM aunonsHo# rpynnoi C-NO,. Junmonbibit MOMEHT
aroi rpynisi 4,1 D, 09TH NapaniencH AAHHES OCH MOJCKY R
2 u obpasyer yroa 60° ¢ ocho monexymnt 1. [Noaromy KK 1
HMeeT GOoNBIIYIO OTPRUATSIIBHYIO aHM30TPONMIO ANIACKTPH-
qeckolf TIpoHHieMocTH (Ae=-8,5), a s XK 2 Ae=+11,5
npa yacrore | Km [losromy, MOXHO NpeamONOKETb, YTO
NPA KOHUEHTPALIMK, onpeacnacmoii fopmynolt, x(-8,5)+(1-
%)-11,5=0 OXHAGETCA KOMIOCHCAUMA Je npa wactote 1 Kl
10 ypasacHue gaet X;=x=0,575 d xy~1-x=0425 nan WK
1 1 XK 2, cooTseTcTBEHHO. A (A3I0BAR RHATPAMMA NOKXa3bi-
BART, UTO NPH X;=0,6 B x~0,4 (1.. x;:x~32) Az Meuser
THAK OKOJIO YaCTOTE! v=B50 I'Ll, 4T0 HETNOXO COFNAcyeTes C
PACYETHLIMH ZHARCHHAMH. .

B cMecn HMEOTCH Kak NMPONONEHBIE, TAK H NOTNICPEHHBIE
aunon C-NG, , 4 NepeopHeHTalHA NPOACIBHLIX AunoneH &
IAEKTPHECKOM NOJE 3ATPYAHACTCA YK€ NPH O4€Hb HHIKMX
yacToTax K mpu wacrore 400 I penakcaua € § MOYTH 3a-
BEepUIAeTCA. A perakcaudd £ NPOCTHPAeTCH BINIOTE A0
150001 PazHuia B HAKJIOHAX KPHBBIX 8| (£} H & (L) npu-
BOIMT K W3IMEHEHHIO 3HAKA As MpH YKaiaHHoH# vactore. Iipu-
uuHOH Tepexoaa Monekya XK n3 roMeoTponHOH OpHeHTa-

UHK B TU1aHADHYIO ABRAETCA M AWINCKTPHICCKUIT MOMEHT, a
TAKKE MOMCHT, O0YCNOBICHHRBIH aHU30TPOTISH HTCKTPONpO-
BoAHOCTH. Jlna BLIACHEHKA OTHOCHTENIBHOH PONH Ka¥OoTo
MOMEHTA MBI TIOCTPORNH HACTOTHYH 3ABHCHMOCTL [1OpOro-
BOTO HANPDKEHHE TFOMEOTPONHO-N JIAHAPHOTO Tepexona B
neodtHoM norapudmmieckoM Macintabe. Ipu mwskux 9acto-
tax (££2001u) nopor cnafo pacter ¢ POCTOM YACTOTHI, 4TO
OaeT OCHOBAHMM TOMaraTh, HTO Hepexonx ofycnoemed nu-
3NEKTPUYCKAM MOMEHTOM. WM3BECTHO, WT0 MNOpOTOBOE Ha-
OpAXeHUEe B 3TOM chydae onpenensercs dopmynoi Iapogn

(31
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rhe £~ LAMHA MoONeKysmsl, W,- cyMMa YOPYrof SHEprud i

3Hepruy, cBA3aNHON ¢ ofpazomanueM AHCHOKaUWH H IHC-
KAMHALHIE,

J’UR
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Prc.2. Uactornbie 398MCUMOCTH ROPOrOBRIX HANPRHEHUN
CoMeoTponie-niaHapHoro nepexena s cecH KK«
1+3KK-2 (2:3) nps pasABdHLIX TOALHHAX: HA BCTARKE K
PRCYHEY MOKA38H3 TOALLMHHAA 3ABHCHMOCTE ROPOrORo-
T HAMIPAXEHHS NPH PatHLIX YACTOTAX.

Calblil pOCT NOPOROBOrO HANPAXKEHHA C POCTOM YacTO-
Thi CEA33H C YMEHBLICHHEM Fdel. P10 eme pa3 MoOTRED-
&IASTCA TEM, ¥TO TIPH HH3KHX HECTOTaX (J, 3aBHCHT 0T TOI-
{IIHHEL A9eHKH 10 3aK0Ry o2,

Tpu wacToTax, HMHIKMX K YACTOTE HHBEPCHH ) , Ha-
KIOH KPHBOH CTAHOBUTCA PABHEIM eHHHLE. JT0 OBOPUT ©
TOM, 9TO |As|npu6nmaercs K HYIO, © B TOMEOTPONHO-
MIAHaPHOM [Epexone OTBETCTBEHHBIM XBAACTCA TOKOBBIA
MOMEHT. 70 COOTBCTCTBYET PE3YNbTATAM pPaHEE OpOBCAEH-
HaIX MaMepenu# 14 nopora STIOH B emexturax {1], xoto-
Pbic HHTSPUPCTUPYITCA ABTOPAMH B paMkax TeopHH [epeta-
I'yecenca [4].

(1] D.F. dliev, V.i. Aristov, V.V. Mitrokhin, V.P.
Sevostyanov, Displays, 1991, Ned, pp.86-90

[2] D. Coares. Mol.Cryst.Liq.Cryst. (lett), 1978, v.49,
pp.8

69

{3] O. Parodi. Solid State Commun. 1972, 11, pp.1503-
1507

{4] JA Guerst, W.J Gossens.
pp.369-371

J.Phys. 1972, 414,



AR. imamelivev, $.5. Sixelibayli, M.B. Babanh, §.Z. Temirniyazova

DIELEKTRIK ANIZOTROPIYASI INVERSIYASI XASSOSING MALIK OLAN SMEKTIK 4 MAYE
KRISTALDA DONDR YADDASLI ELEKTROOPTIK EFFEKT

Oks isareli diclektrik anizotropiyasina (4¢) malik iki maye kristah gansdirmagla tezlik inversiyall dielektrik anizotropiyasma
malik smektik 2 maye kristal almmigdar. Inversiya tezliyinden yuxanda £4>0 olur ki, bu hemin tezliklerde planar — homeotrop kegid
hayata kegirmeye imkan verir. Hemin 1ezlikdan agaBi tezlikiarde {4£<0) aks istigametde yena do sirf sahe kegidi ~ homeotrop - pla-
nar kegid yaratmag olur.

A.R. Imamaliyev, Sh.Sh. Shikhalibeyli, M.B. Babanli, S.Z. Temirniyazova

THE REVERSIBLE ELECTROOPTIC EFFECT WITH MEMORY IN SMECTIC A LIQUID CRYSTAL WITH
FREQUENCY INVERSED DIELECTRIC CONSTANT ANISOTROPY

The smeetic A liquid erystal with frequently inversed dietectric anisotropy (4€) has been obtained by mixing of two liquid crystals hav-
ing the opposite signes of dielectric anisotropy. At the frequencies higher than inversion frequency £4>0 and one can realise planar -
homeotropic transition. Bellow the inversion frequency £4<0 and it is possible to realize the homeotropic-planar transition.

Jama nocmyrrenus: 25.12.2000 Pedaxmop: H.O. Kadxcap
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IMPOINEKTPHYECKUI IOOEKT B KPHCTAJLIE Cd,Nb,0S

0.A.CAMEIIOB, P.M.CAPJAPJIb], H.IUL.CAJBIXOB, H.U.ACJAHOB
Cexmop Paduayuonnsvix uccredosanuii AH Asepbaiioocana
370143, Faxy, np. I Ixcasuda 31 a

OGHapyxeH MHPOINCKTPRECKHHA SPPHEKT, CHOHTAHRAN HONSPHIBLINA, NHCTIEPCHT JHATEKTPHYECKOH MPOHHLIREMOCTH £ K TAHrEHEa yina
noteps tgd B BHTHCETRETOIMEKTPHUCCKON Gase coemenus CdpNb,OgS. IToAyueHHNE IaHHME 06BLICHIIOTCS o6paronagHem B OKPECTHO-
CTH GHTHCETHETOMSKTPHHCCKON 2Tty ZAHHOTD COCAUNEHHA NUCTIEPTHPOBANNBIX B AHTUCETHETOMNEKTPHHECKOR MATPULE CETHETOANBKTPH~
HECKUX KTACTEPOR, HCHEIAIOMINX IPH TEMIIEPATYPE AHTHCErHETOINSKTPHUECKHX (AsOBLIX NEPEXOLOB.

BO3HHKHOBEHHE THPOINEKTPHUECKOTD d(dexTa anTH-
CerHeTOMEKTpHUECKHX (ACT) GazoBIX NEPEXOAOR ROEPBLIS
Guino obHapykeHo B kpactamnax PbZrO; [1]. TNosaneHne
atero apdexTa OOBACHATOCH COCYLIECTBOBAHUEM B KHTEDBE~
Ae TeMnepatyp (10 teMnepartyps ACD $azosoro nepexona)
B ACD Matpuile paccesHHbX B Hell CErHETOIeKTPRYSCKHX
(C3) wnactepos. Beina 0TMedeHa BO3BMOKHOCTb BOZHHKHO-
BEHHA NHposRekTprieckoro sdupekra 0 B APYTHX COOHTAH~
HO-TONAPUIOBAHRAEIX KpHCTalnax, B KOTOpPBIX, B JacTHOCTH,
MPOHCXOAAT NOCHENOBATEALHEE CTPYKTYPHBlE Dazowe me-
pexomu ([ICQII), sxmouaomme AC3 dazu. Coemnuenue
CdyNb,OS Bbi0 BNIepBLIE CHHTEIHPORAHO W MIYUSHO B pa-
GoTax [2-6). Brino onpezneneHo, 4To 0HO 0GfAmAET CTPYKTY-
POM THOA NMPOXIOPE H C MIMEHEHHEM TEMIEpaTyps B HeM
MPOKCXONHUT PAJL NOCAEAOBATEALHEIX CTPYKTYPHBIX (Ba30BBIX
nepexonos. fIo peayabTaTaM MCCAENOBAHHA EAMAHHA 3Jek-
TPHYECKHX No/el Ha TEMIEPATYPHYIO 3ABHCHMOCTb JHANEK-
TpHieckod npounuaemoctTd CdaNb,O8 dasoswit nepexon
npy 363K HOCHTHOMLWMPOBAH KaK AHTHCErHETOMEKTPHYIE-
<xufi, nepexoanl 432K u 520K - Kak cerHeroanekTpuueckue,
Ans nonywenna pononaurentHoli HHPOPMALINE 0 TIOAAPHO-
crit a3, HAMH TMPOBEEHEl MCCAEAOBAHHA IHHAMIMECKONO

MUP03$peKTa MPH GasOBLIX Mepexomax ACH®K Cp ¥ cp
=253 ' '

3apucrmocTs TI3O(T) H3Mepanace OUHAMAUECKHM Me-
TONOM ¢ TNOMOMBIO  ASBYXKOODHHHATHOTO  CaMONHCLA-
noteruposmerpa 110C-21. MowHocTs nanaiomero Ha o6pa-
38U WITyueHHA papHsntacs 1-10% B, wacToTa Momynammu
wanyueHns v=20 I'n. Bemwunem! [130 onpenenamues cenex-
THRHBIM YCHAMTeneM V2-8. 3HaK AMPOCHTHANA YCTAHABMH-
pancs npeobpazonartenem Hanpakewua B9-2. Temmepatypa
o6pasna onpenengrach angdepeHIHANEHEM METOIOM ¢ TI0-
MOLIEK) YHMBEpcansHoro uudposore BoneTMetp2z B7-21.
H3mepeHns NpoRCAWINCE HA HERONAPHIOBAHHEIX H TIONAPH.
30BAHHBIX, MEXAHMYECKH CBOGONHBIX KEepaMHMeCKMX ofpas-
LAX BRICOKOH 4nCTOTHI.

Hlamepensar Ona HemonApu3oBaHHOTO  ofpasia
CdiNbyO45 TeMmepatypHas 3aBUCHMOCTh THPOMEKTDHYE-
ckoro orknmka IIIO(T) npeactasnacHa Ha pucynke . Kak
BHANO, TIPW HarpesaHud obpasua ao 318K nupoonexrprye-
Ckull OTKANK He HaDmOJaeTCA, 4TO HAaXOAWTCH B MOTHOM
COOTHETCTBHH € YCTAHOBAeHHRIM ACD cocrodgHueM 3TOro
MarepHana, CyMECTBYIOLIETO B0 TemnepaTypel 363K. Oana-
KO HEOXUAAHHEIM HKCHEPUMEHTANLHBIM (AKTOM ABHSETCH
BOHWKHOBCHHE MHPOIMEKTHUECKOIO CHIHANA Bhille 3TOW
TeMAEPaTypsl, KOTOPMA HOCTHraeT MAaKCHMANBLHOIO 3Hawqe-
Hu (17 MxB) npu Temneparype 353K n mcuesaer npu Tem-
nepatype 363K, npakTHMeckn COBORIAFOLICH C TeMIepaTy-
po# nepexoga ACD dasel 8 C(I). Hpu sansneiiwem yaeny-

YeHHH TeMmmepaType obpaiua NMUposnaexTpudeckmit CHrHan
CHOBA ROZHHKaeT (nepexonm B CJ ¢asy), KO ¢ npoTHBGHO-
AOXHLIM 3HAKOM H ¢ BenHurHol N30 3 MkB no TeMneparty-
pbi 398K, a 3aTeM pe3ako Bo3pacraer A0 3MaveHua 25 MkB
npH T=433K, nocrne 4ero pacrer cnafo, NOCTHraeT MakCH-
MaNBHOTO 3HaYeHua 33 MKB n, pe3xo yMeHbIascs, HeHelasT
npu TeMnepatype 320K, cooTeeTcTByrowell Temmeparype
nepexoa CHID) gasu B napasnextpuyeckyio (I13). Takum
00pa3oM, MOMYSEHHR® JaHHLE NOKAIHIBAIOT, WTO BOMPEKH
ODIWICTPHHATOMY A0 HACTOALLErG BPEMEHM IPEACTABIECHII,
B YCTAHOB/NCHHOM CTPYKTYPHBIMH H IHINEKTPHUECKHMH Hi-
MEPCHHAMH AHTHCCTHETOICKTPHYECKOM COCTOAHHMH
Cd;Nb;O4S B wntepaane remneparyp 318K<7<363K so3Hu-
KaeT MHPCICKTPpIuCCKU 3dhdekT, yKashBaIOIIMA Ha Cyie-
creosanye 8 ACD dale KeueHTpOCHMMETPHYHOH BTopoii
dbaser. 370 HOBOe ABNICHME BEPBLIE ObLN0 OOHAPYKCHO HAMH
» ACD rpuctanne PbZrO; B unteppane 495+ Tacsea (500K)
[
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FPuc. 1. TemneparypHas 3aBHCHMOCTL NUPOGNEKTPHYECKONA
otiauka, [II0(T) kpucramta CdyNbO4S:
a) oSprHR (Henonapur3cRanHLIH) oSpasey;
B) nonapesosanuni (E= 2 kB-en, 14) npn 7=340K
(AC3 dasa), 3 CI(I} u CHII) obracrax.
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3apucumoctn 1130 ot TeMmepaTypsl NONAPH3OBAHKON
npu Temmeparype 325K (E=2 xB.cw™, 19) kepamuku
Cd;Nb,O¢S noxazany 3HaUHTENEHOE VBeMEHHE BeTHYHHE]
THPOMIEKTPHYECKOTO CHIHAana BOMMBM Temmeparypw ACD
¢azosoro mepexofa. MakcHMANbLHOE 3HAYEHHE MHPO3NEK-
TpAdeckore cArHama npH 353K aocruraer 105 MxB (nag
Henonspa3oBaHHOere odpasua 17 MxB) (puc.1). Anancryynoe
YBEIHUEHHE IIMDOCHFHAME, ECTECTBEHHO, HMEET MECTO H B
CETHETOANEKTpUYecKHX ofnacTax (Maxcamym 145 MxB n 214
MEB).
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Puc. 2. Uacrornas sasnenMocts & (T) kpHcTanna
Cd,Nb,O.S: 1-1 kw2 -72 ¥l 3 -660 «ln,
4122 mlu.

Kak M3BECTHO, B HeMHWHEHMHWX nupoinekipHkax (C3)
HANPABACHHE CHOHTAHHOH HOJAPH3ALIH MOMET GhITE H3Me-
HEHO JTEKTPU4eCKNM ToneM. Hamn takske GEINTA NPOBEOCHE!
HIMEPEHHA JABHCHMOCTH MHAPOINCKTPHYECKOTD OTKIHKA OT
TEMMEPATYPR! TIPH NEPENONAPHIAUNH KpucTanncs, [Tpn ns-
MCHEHEHH 3HAKA DOMAPM3YIOMIETO MNICKTPHYECKOro NonA 5
ACD dase 3HaK THPOTOKA HIMEHANCA Ha obpaTHRiL,

Hcexoas u3 BRINEH3NOKEHHOD, MOWHO TIPEHNONGKUTD,
410 B HHTepeane Temnepatyp 3i3K<P<363K » ACD matpu-
ue Cd;Nb,OsS obpasyiorea cerHerosieKTpHUSCKHEe KnacTe-
ptl, 00YCNOBNHBAIONINEG BOSHHKHOBEHIC TIHPOIMEKTPHUSCKO-
ro sdhexra B ACD obnactH. 3TOT BHIBOJ, HAXOAATCA B CO-
TAAcMM C FUNOTelcH O cymecTsopadnd B AC3I martpuue
PbZrO; cernetosnektpydeckux xnactepos [1] W nomreep-
waaetcs Habmonaemodt aucnepcHedl € W {25 B aHTHCETHETO-
sxexTpHueckoll gaze kpuctanna Cd;NbyOS.

Hamepenns monexTphueckoll MocTOAHHOM M TaHMeHCa
Y12 OHINEKTPHYECKHX MOTEPh B 3ABHCHMOCTH OT TEMNEpa-
TYpe B CdyNb2CeS mposoavnucey npyu vactotax: | kl'u, 10
k', 72 ', 660 kT'u B ciabbix nepemedyx moasx. Ha pu-
CYHKe 2 NoKaszaHa 3aBHCHMOCTb £(T) IPH 3THX 4acTOTax.
Kak snzno u3 pucyuka 3 ACD dase nabmopaerca aucnep-

P.M, CAPTAP.TLI I.IEL
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¢t € # Hebonpiuolf penakcalHOHHBIN CABUI aHOMANKA € B
CTOPOHY BRICOKHX TEMIEPATYDP. ARANOTHUHLIE pesyaLTATH
HMeloT MecTo W Ana 2asmcAMoctd tgd(T). Kax mseectuo
AHCTIEPCHA € MPAKTHYECKH OTCYTCTBYET B Mapa- W aHTHCer-
HeTo3nekTpu4eckoll dasax, k 10 BpeMa kak B 3O daze Ha-
EmonaeTcs YMEHLIISHHE € NPH YBETWUEHHH YacToTH. Juc-
aepeust £ 1 tgd B ACD dase 8 Cd;Nb,O4S canaeremetryer
O HAMAMHM KIacTEpoR B AHTHCETHETOMICKTPHICCKOH MaTpi-
ue.

Puc. 3 TemnepaTypHas 3aBHCHMOCTE CHOHTANHON TONAPHIA
uun P(T) ana kppctanna CdyNboOgS.

C uenpio NOATBepAICHAA CYMECCTBOBAHHA CCHETOMISK-
TPHYECKHX KIACTCPOB B AHTHCETHETOASKTPHYSCKOH MaTpH-
oe kpactanna CdyNb;O¢S #aMu Goiniu n3yveHpl TETAH OW-
NICKTPHYCCKOTO THCTEPEIHCA B WKPOKOM TeMITEPaTYPHOM
AHTepBATe, OXBATHIBAIOIIEM BCe TNOCHSIOBATeNLHLle (hazo-
Bble mepexoawl. Ilo nokazaHHaM ocimAnorpada 5wk onpe-
HeNeHs! 32BUCHMOCTH CNOHTAHHON MONApH3alM OT TeMme-
patyp Ang 3Toro Kpuctania. HanpaxeHHOCTH nepeMeHHOTo
3MEKTPHMECKOTo nonia cocTamnann 10 kB-cM” npu =actore
S0I'm.

JarucnMocTs Ps(T) ans CdaNb,Og8 norxazana Ha pHCYH-
ke 3. Kax BHAHO M3 PHCYHKA, CTIOHTAHHZA NONSPH3aLiA No-
SBNSETCA mpH Temneparype 320K, xoTopad COOTBETCTRYeT
TEMNEPATYPe ROSHHKHORSHHA MHUPOOTKIHKA. IIpH ¢dazornx
nepexofax ACD-C3O Pg IOCTHraeT MAKCHMATBHOTO 3HaMe-
HMY, a NHPOOTKNAK ofpamaerca 8 Hyas. [Tocne nepexona
ACD dass B CI g0 HekoTOpo#t TeMIepaTyphl CNOHTAHHasA
MQNAPH3ALHA OCTaeTCA HeusMennol, TlomydeHHEe no mer-
JIAM THCTEPE3NCA AAHHBIC FIOKA3bIBAIOT, YTO CNOHTAHHAA FIO-
nApU3AuMA MOABMACTCH B GHTHCErHETQAINEKTpHuccKoi dase,
T.¢. monapsbic obnacty C2 ¢asel ararupalorea B ACD da-
3y, B cBOW ouepedry, 9TH NORAPHLE 06JACTH AART BKIAA B
MTHPOOTKIMK,

HamoMHuM, 4TO BOIMONHOCTL CYLIECTEOBAHHA B KPH-
crannax obmacteft mepexpLITHA PABHOBECHHIX COCTOAHHH, B
KoTOpHIX Hecxonbko das (C3, AC3, 1I3) omHoBpemeHHO
TEPMOJHHAMHYECKH YCTOWYHBLI, TeopeTHieckn 6nina npen-
cxazana FOpxenuuem, PonoruM 1 apyrumu [7-8).

CornacHo noayueHHLIM pPe3ynsTaTaM B NelcTBHTENLHO-
CTH B KpHcTamnax CdyNb.O,S npoBcxonar cOOTBETCTBYIO-
e IICPIT:

ACD 22 (3 xnacrepni 8 ACD marpuue} 28K C3(D)
=228 ooy I 3.



DHPORNEKTPHYECKHHA YOOGEKT B KPHCTAMIE Cd;Nb;OS
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O.A. Semedov, R.M._ Sardarh, I.§. Sadmov, L1, Aslanov

Cd;Nbz0sS KRISTALINDA PIROELEKTRIK EFFEKT

CdaNb0sS birlegmasinin antiseqnetoelekirik fazada piroelektrik effekti, spontan polyarizasiyas, dielektrik niifuzlugunun ¢ ve
itki bucafinn tangensinin tgé dispersiyalan agkar olunub. Ahnmig neticeler bu birlegmenin antiseqnetoelektrik fazanin etrzfinda
varanan anatiseqnetoclcktrik matrisanin daxilinde dispersiyalagmis seqnetoelektrik klasterlerin yaranmasi ile izah olunur. Seqne-
toelektrik klasterlor antiscqgnetoclektrik faza kegidlerin temperaturlarinda yox olurlar,

0.A. Samedov, R.M. Sardarli, 1.Sh, Sadikhov, L1. Aslanov
PIRROELECTRIC EFFECT IN THE Cd;Nb,0OS CRYSTAL

Pirroeiectric effect, spontaneo;is polarization, dispersion of diclectric constant ¢ and tangent losses tgd in antiferroclectric phase of
Cd;Nb, 048 crystal are observed, The obtained data are explained by formation of ferroelectrics clasters distributed in antiferrcelectric matrix
in a vicinity of antiferreelectric phase of the Cd;NbO4S crystals. These clasters are disappearing at temperature of antiferrociectric phase
transitions.

Hama nocmyrrenus: 1910.2000 Pedaxmop: BT Tazues



FiZiKA

2000

CILD VI Ne d

HEKOTOPBIE PH3NKO-XUMHUYECKHE CBONCTBA OCOBO YMCTOM
MHOTOKOMINOHEHTHOH CBUHEH-COAEPKAIIER CHIMKATHOH KOMHO3HITMH.

H.H. ATHEB, C.C. ABIIYJUIAEBA
Azepbaiioncanckuti MeOuyuncrkuii Vuugepcumem,
2. baxy, yn. Baxuxanosa, 23,

Merosamn MK cnextpockonun, aepuparorpagur M peHTreHo(A30BOTO aHANHIA M3YMEHBI MPOLECCH (POPMHPOBAHHA
CTPYKTYPE] KOMMOSHUAH Na;0-K;0-B;0;-PbO-8i0;, TlokazaHo, MTo aTOMEI JIErHpYIOUIHX A06aBOK BCTPAHBAIOTCA B KpEMHE-
IEMHYIO OCHOBY KOMMNOSHUBH W 06pasyiorT METan-CHIOKCAHOBLIC CBA3H, KOTOPEIE NPHMBOIAT k oOpazosanmo auHeilmmIx

CTPYKTYP.

B nocnenres Bpemst Bce Sonbiiee IHaHeHRE TpuobpeTaloT
MHOTOKOMTICHEHTHHE CHHTETHYECKHE KOMTIOZMUWH 0coBoh
YHCTOTH, ABJNIFIOLIACCA WOBLIMH INEpPCHeKTHBHBIMM HCXol-
HEIMU MaTepHATaMH ANf ONTHYECKOTO CTeKNOBapeHHs, BOSO-
KOHHOH ONTUKH M Ja3epHOl TeXHHKH. TeXHONOTHA [IPOH3-
BOACTRA TAKYX KOMMO3WLMIE, OCHOBRHHAR HA 30JLMENh METO-
e, obecneMHBALT BHICOKYIO PABHOMEDHOCTh PACHpENeileHHT
KOMIICHEHTOR N0 OOGLEMY MATEPHANA U REICOKYIO UHCTOTY.
XapakTepHaIM A TAKHX MaTepuanos Asnsercd ocoban 4yuc-
ToTa. ConepXkanne B HMX TAKMX KPacdlMX OpHMECEHd, Kak
BaHaauH, HAkenb, XpoM, KOGANLT, MapraHed U Meas He npe-
Baimzer 10, a wawGonee TpyaHo WIBNEKaEMOR NpHMECH
xeznesa He Gonee 107+10°°% macc.,

Hactoamad paCora NOCBANICHA M3YMEHHI0 HCKOTOPBIX
(H3NKO-XUMHIECKHX W CTPYKTYPHBIX XapAKTEPHCTHK KOMIIO-
- NayO-K,0-B205-Pb0-5i0,  71,845i02-14,19PbO-
2,50B501-10,34K50-1,13Na,0 (B Mone %} setonamu UK
CIEKTPOCKONIMH, HOcpHBarorpadbHn H  peHTreHOda3oBoro
aHanu3a.

CrexnooOpa3nrie o6pasiibl KOMMIOSHUAY GWAM NOTYYEHLI
nyTeM COTMAPO/M3IA TETPA2TOKCHCIUIAHA B TIPHCYTCYBHH
HUTPATOB HaTpud, Kalid, CBWAA U GOpHOH KHCIOTLl € no-
caeqyowmeh repmootpaboTroli, a KpHCTAIHYECKAE 00pa3uEl
KOMUIO3HLIAH-COITIACHO METOARKE, NpuBeReHHON B [1].

Meroaamn HK cnextpockormn, zepusatorpadnu v peHT-
reHo(GazoBOIe AHAAWIA H3YYEHH Npolecch (opMupopaHna
CTPYKTYPH KOMIIO3HUHA,

Ona ceemen MK cnextpos ofpasisl CHIpecCOBLIBATIH B
tabnetkr ¢ KBt nmoa azeaeumem 300 Tna. Perwcrpauwio
COEKTPOB NpOBOANiH Ha cnektpodoTometpe UR-20. Tepmo-
TPABHMCTPHYECKHE HCCNESLOBAHNA NMPOBONHTH HA AePHBATO-
rpage OJI-103 “MOM”, BTanoHoM CPaBHEHRA CHYXKHN Npo-
KaneHHu{t okenn amomunng. Ckopocts Harpeea - 3 Kimun,
Pextrenodasossiit ananns obpasuos NPOBOAWIH ¢ HCMOKL30-
BamueM Momoxpomaropa [Hube-ne-Bomrda Ha yerawobke
JAPOH-),5 (CuK -uznyuenne). B xauectse sHYTpeHHEro
CTAHAAPTA UCTIILIOBANH FepMaHHit.

B MOTYUEHHBIX obpasiax otHoUIEHHE
(Na;0+K;0)/B,05>1. 3ro yxasbimaer, cormacHo [2], He 1o,
yTo Boabilas YacTh aToMoB Gopa 3aHAMACT B CTPYKTYpe
KOMITOSHLMH TeTPAdAPUYECKHE [O3HLHA, 3aMellas B HMX
KpeMHHR, 3 OCTANBHEIE aTOME! 0pa HAXOMATCA B OKTAAPU-
YECKOM KHCOPOIHOM OKDPYXEHHH. 3T0 COTMAacyeTca ¢ AaR-
reME HK cnextpockonuy. TakuM ofipasom Soabmpe 3HAYE-
s Cp KOMMO3HIHY N0 OTHOLIEHHIO K IHaueHsam Cp Ana
8i0, , o6ycnorneHHsIe cipasoganvem Gonee “puixnoro”, uem
W 8i0, , xapkaca B o0pazuaX KOMHOIMUHA € YYACTHEM

rerpasapos BO, [3]. 3o npuBOAWT ¥ HEKOTOPLIM HCKake-
HHAM XapakTtepa cagse 5i-O U B-O, 0 ueM CEHASTENLCTRYHOT
Taioke H CIeKTPOCKONTHRECKHE J2HHLIE.
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Pue |, UK-crertprt komnozuimy Naz0-Ko0-B205-Ph0-5i0,
Temneparypa obpaborku crexna SiOx(1) npu 343 K, ana
creknoobpasaolt komnoaMumi 343 (2); 543 (3)

G43 (4); 963 {5%; 1273 K(6)

Ha pucyike | npepcrapnenst uamenerna MK crextpa 06-
pasna KOMOOSHLMM NpH TepmooGpaboTke. Hz cnexTpanssbix
DAHHBIX CJGDyer, UTO KpeMmnesempas MaTpHlla ofpasna
amopdHa. 3To moaTBepxkAaeTcA AHGHYIHBIM XapaxTepoM
nonoc xoneGammit ceazedt Si-O(Si) 1100, 800 u 465 cm”' »
criexTpe 3Toro ofipasua (kpueas 1). Hanuume B cnexrpe ro-
noc 1390 u 820-840 cm’!, ormercreenmmix 3a woneGamus
HUTpaT-HOH2 [4], YK23LIBAET HA NPHCYTCTBHE B 00pasle HUT-
PATOR EANHA M CBHHUY, HTO MOATBEPXIASTCA Pe3YNBTATAMH
pertrenodaszosoro anammsa. Orcytereie 3 UK cnekpax u
Ha PEHTREHOTPAMMAX NPHIHAKOB RATWTHS BOPHON KRCAOTHL B
EHA¢ OTHENBHON ¢arhl MOwHO OOBACHMTE MW HemOCTATOY-
HOH YYBCTBHTENLHOCTHIO 3THX METOAOB IAA OOHADYKeHHA
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manpix xommdecre H,BO; B koMnozwuume (cozepmaude
B,0O; se mpepbiacT 3 % Macc), RAM BXOMACHHEM aTOMOB
Gopa a ocroey Si0O;.

1 1

. 400

i 1 -
473 8¥3 1273
T,
Puc.2 TepmorpasMMeTpiuecKie KPHREIE CTEXTOOGpaIROR KOM
Hosummx:
JITA - andeperupanetpb repmuaccknll aHanus
AT - pepuBaTOrpaMMa
TT - repMorpaMMa

COrNAcHO TEPMOTPABHMETPHUECKHM IAHHEIM (PHC.2), Ha-
rpes ofipaiia KOMIOIMUMA 10 1273 K COMpoBOXKIACTCA M-
THIO CTYIICHAMK NOTEPH Macchl. [lepasie ABE CTYNICHH NOTSPU
Macchl B HHTepBanS Temrnepatyp 343-673 K conposoxkaaror-
¢A IHNOTEPMMHECKHM apipextom Ha kpisol JTA ¢ MakcH-
MyMOM okouo 423 K (MaKCHMYM CKOPOCTH OpOHECCd TIpd
423 u 543 K). ConoctaBnewme acpuparorpamym SiOs,
Pb(NOs)s, HsRO: u RNO; ¢ nepupatorpammoit ofpasua
KOMOOZHIIMK MoKa3ano, 910 10T 2$ ekt ofycnopnen npote-
K2ZHHEM TIPOlECCOB YIANCHHR MOIEKY)I BOSE H3I KOMRO3IHLNE
H pasnoxenvem GopHoM KmcaoTel. Tpu CYYNCHH I110TEpH
Macchl 00pa3LeM KOMNO3NLHE, NPOABIAIOIUAECA B HETEPAA-
ne 673-873 K ¢ MaxcumyMaMu ckopocTn npouecca mpu 713,
743 u 814 K, ofycnonnensl pasnoskennem Ph(NO;), w s3au-
MONEHCTEHEM NPOAYKTOB PAIOKEHAS C KpeMHeseMHOH
ocHoBOH. [Tocnenanee NOATBEpAIacTCA Kak NAHHEIMH PEHT-
reHofazosore anania, Tak 1 UK cnextpavu. Ha pestreno-
rpammax obpasua, oSpaorannore 80 773 K, oTcyTCTRYIOT

JMHPH, OTHocHlMecs K daze PH(NOy),, a B UK cmexrpax
MPOARITOTCA NONOCH OKONO 970, 920 1 675-680 cum''. Tono-
ca 920 e Habmozanacy B CEKTPAX BCEX UIYUEHHBX MHO-
TOKOMITOHSHTHLIX KOMIOIHINA, cozep:alnny Gop, a Taike
Sunapuoit cacteMsl B,C4-8i0, [5] ¥ cBA3MBANACE ¢ HAMWNE-
€M B CTPYKTYpe obpasiion ceaseit SiO(B).

[onoca B o6nacrn 675-680 o™’ Takke MOKeT BbITh CBS-
3aHa ¢ RanAuseM ceazelt B,O(Si).

TMonoca 970 cM’ HaGmogaeTca B cnexTpax ofpasuos
KOMIHOZHUIHE (paC.1), a TAKKE B cCNIEKTpax o5pa3fion CHCTEME]
Pb-8i0, {6]. Bee 3To CBHIETEABCTBYET B NMOALIY OTHECEHMA
ee K koneGannam ceased 5i-0.

Harpep ofpa3sna KOMNOSMLMH B HMHTEPBAIE TEMNEpaTYp
§73-1273 K conposoxaaerci TpeMa CTYNICHAMH TOTEPH
MacChl ¢ MaKCHMYMAMH CKOPOCTH fpouecca npu 963, 1003 u
1193 K. CpabHeRHe ASPHBATOTPAMME] XOMIO3UUHK ¢ AEPH-
saTorpaMmolt KNO; nokasmieact, 4T0 3TH CTYDERH f0T¢hA
MACChl CEA3AHM ¢ OcHOBOM kommo3nuwH. QOOHOBRDCMEHHO Ha
peutredorpammax ofpazua, eGpaboraimoro ac 1073 K,
YMEHBIIAOTCA RO MONHOTO MX HCYCSHOBCHMA NHHAM, MPH-
naanexampe ase KNO;, a B HK cnextpax yMensuraiorca H
HCYe3a10T HONOCH kaebanuil HUTpaT-woros 840 u 1390cM™.

Taxum ofpazom, ofpabortia 006pasnion KOMNOIWUIHN TPH
973-1073 K npusoayr K NpakTHIECKH TONHOMY IAREPLISHIIO
XEMHYECKHX TpeRpalteHyH,

U3 peaymbTaTor HCCHENOBAHHA CNEIyeT, UTO CBHHENCO-
AEpXAUIAA KOMMOIHIMA NpeicTakneT coboil amopduyio
CHCTEMY, B KOTOPOIl aTOMBI Nerupyiommx no6asok BcTpau-
BAKTCA B KPEMHEIEMHYI0 OCHOBRY ¢ o0pasoBasuen MeTann-
CUNOKCAHOBLIX CRA3EH, KOTOpHE NPHBOIAT K oOpas0saHHIo
N¥HENHLIX CTPYKTYP, OOYCNOBNHBAIOINY NRHEHHYI0 Temne-
paTypHyID 3aBRHCHMOCTs Cp. 3TO cOCMacyercs ¢ HAWNMH
NMaHHBIMH, TIONYYEHHLIMHA B [7].

BEUIO {I0K233HO0, YTC XaPAKTEP TEMIEPATYPHOH 3aBHCH-
MOCTH TeILTOEMKOCTH O0paslioB MATHKOMIOHEHTROA CHiM-
KATHOH KOMIOOIHIAM HE HEMEHACTCA NPU M3IMCHEHHH XHMH-
YECKOI0 COCTABA, 8 BENHYHHA TEIIOCMKOCTH YBEIHYHREAETCA
ApY YCIOXAEHNH coctaBa 0fpaiips v ofycioBieHa H3MeHe-
HHAEM NOIHLHKY aTOMOB B B CTPYKTYpE.

Aprop GnaroaapaT coTpyARMKOB MoCKOBCKOIO HHCTHTY-
ra HPEA lllamymosa B.3. u [lpaxkcpa C.B. 33 okaszanHyio
NIOMOLE B MPOBEACHKH IKCTEPUMEHTA.

BBIBOJX
IMoxa3zaHo, YTO CBHHELCOZEPHKAMIAA KOMMOIHLHA Hpeld-

+_gTanndeT coboli aMopdHyIo cHCTeMY, B KOTOPOH aTOMBI Ne-

THPYIOIWHX no62BOK PCTPAHBAIOTCSA B KPEMHEIEMHYIO OCHOBY
¢ ofpajoBaHHeM METAN-CIIOKCRHOBLIX CBAlel, KOTOpbIe
NPHBOAST K 00Pa30BAHMIO IMHEAHLIX CTPYRTYD.
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TORKIBINDS® QURGUSUN OLAN XUSUSILO TOMIZ COXKOMPONENTLE SILIKAT
~ KOMPOZISIYALARIN KIMY®Vi ANALIZI

ik defo terkibinde qurjusun olac kompozisiyalarin iQ - spekiroskopiva, derivatografiya ve rongli faza analiz isullarla be’zi
fiziki-kimyevi ve qurulus Xarakteristikas: dyrenilib. Gissterilib ki, B - atomu koordinasiyasim deyigerek $iOz - karkasa daxil olub
metal-siliksan rabitesi yaradaraq amorf sistemi emele getirir. :

N.N. Aliyev, §.5. Abdullayeva

PHYSICO-CHEMICAL ANALYSIS OF PURE MULTICOMPONENT SILICATE
: COMPOSITION CONTAINING Pb

The 'proccsses of forniatiqn of Na,0-K,0-B,0;-Pb0-8i0; composition structure have been studied by IR-spectroscopy method and
methods of derivatography and roentgeno-phase anafysis. It was shown that doping atoms are focated in $i0O2-base of composition and
create metallo-sitioxanic bonds which lead 1o formation of lincar structures. '

Hama nocmynaenun: 20.06. 2000 . ' Pedaemopr MK, Kepuvos

u-d} L=



L AR

FIZIKA

2000

CILD VI Ne 4

INVESTIGATION OF THE INTERFACE STATE DENSITY OF p-SifANODIC OXIDE/Al
STRUCTURES OBTAINED BY APPLICATION OF VARIOUS CONSTANT VOLTAGES

O. CHELIK
Harran University Physic Department, Shanlivrfa, Turkey

T. KILICHOGLU, M. ENVER AYDIN
Dijle University, Physic Department, Diyarbakir, Turkey

K. AKKILICH, G.GULER
Dijle University, Physic Department, Divarbakir, Turkey

In order 1o study the effect of various constant voltagés on the properties of p-Sif anodic oxide {AQ) inlerface, metal-oxide-
semiconductor capacitors (MOSC) have been used. Anodic oxide films were grown under various constant voltage conditions by using (1:1)
v/v aqueous solutions of sodium dikydrogen orthophosphate (NaH,PO,.2H,0) and diethylen glycol {CH,005). MOS structures have formed
by coating of Al under high vacuum conditions onto the prepated snodic oxide layer. The small signal capacitances of MOS were measured
as 2 function of the bias at room temperature. The experimental surface state density was calculated by means of the theoretical C—V curves,
The surface state densities of MOS structures with anodic oxide layer prepared in various constant voitages were compared with each ather.
We have observed that the surface state density curves obtained in this study was closer the ideal curve.

1. INTRODUCTION

Semiconductors have application to a wide variety of

- high~frequency (HF) MOS devices. Metal-oxide-semicon-

ductor (MOS) elements are widely used as the base of the
circuit elements in various semiconductor [1]. The fabrication
of such devices depends on both a good insulating oxide and
a low interface state density (ISD) at the oxide layer and
semiconductor interface {2-5]. The thermal oxide affects the
homogeneity of injection atoms in interface area [6]. This
problem does not appear in films obtained by anodic oxida-
tion. Recent studies on very thin anodic $iO; films have in-
dicated that anodic oxide films are homogeneous and uncon-
taminated [7]. .

We investigated the -V characteristics and the distribu-
tion of anodic p-Si MOS structures prepared by using (1:1)
viv aqueous solutions of sodium dihydrogen orthophosphate
(NaH,P0,2H,0) and diethylen glycol (CH,(Os) elecirolyte
with a pH of 5.35 at four different constant voltages as a) 30
b) 40 ¢} 50 and d) 60 V/em’.

Fig.1.
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2. EXPERIMENTAL PROCEDURE

SIYAQ/Al structures were prepared on (100) oriented,
8.10"cru” doped p-type Si substrates with a resistivity be-
tween 14 and 26 ©-cm and one of the (100)-faces were me-
chanically polished. The doping concentration has been de-
termined from the deep depletion of C-V curves (from the
C?-v curves) of the MOSC. Back chmic contacts were pro-
vided by the alloying with Al. Then, the wafer was divided
into four groups of samples on which the oxide layer was to
be formed by the anodization electrolyte. Before anodization,
the samples were treated in HF:H;O {1:15) solution to re-
move all traces of oxide on the surface to be anodized, and
they were rinsed with deionized water. The side with the oh-
mic contact and the edges of the p-8i were carefully covered
by wax and then the polished front sides of the samples were
exposed to the electrolyte by attaching the equipment em-
ployed for the anodized in (1:1) v/v aqueous solutions of so-

M

g
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g

.10 1 CHHr 1260!



0. CHELIK, T. KILY N
dium dihydrogen orthophosphate (Nal;PO,.2H,0) and di-

ethylen glycol (CoH,0;) electrolyte with a pH of 5.35 at four

various constant voltages of 30, 40, 50 and 60 V/em? and at

room temperature and under room light. The current-time

(I-t) curves for four various constant voltages and a pH of
5.35 are given in Fig.1. Alvminium dots of 1.0 mm in di-

ameter were evaporated onto the oxide layer. Thus, Al/anodic

oxide film/p-Si/Al MOS structures were obtained. All evapo-

ration processes were carried out in a vacyum ceating unit at

about 107 Torr.

The small signal ac capacitance measurements as a func-
tion of applied voltage (C-V) at 100 kHz were made with HP
4192A 5Hz-13 MHz LF impedance analyser. The HF C-v
measurements of the anodic MOS structures were carried out
at room temperature and at 100kHz in the range from +0.5 to
-3.5V.

3. RESULT AND DISCUSSION

Hysteresis in MOS structures can be caused either by ion
(such as Na*, K" or H’) movement from / to the silicon / ox-
ide to / from the metal / oxide interface through the oxide
bulk or trapping / detrapping of electrons / holes from the
silicon bands to defects in the oxide near the silicon / oxide
interface, The two mechanisms give rise to hysteresis in op-
posing directions. In the case of the mebile ion movement,
the response time to bias stressing is the sum of times for
detrapping at the interface and drift through the bulk oxide
[8]. If the voltage shift is negative for positive bias stressing
and positive for negative bias stressing, the hysteresis is
caused by the movement of mobile ions through the oxide
bulk. On the other hand, if the voltage shift has the same sign
as that of the bias stressing, then the event involved is the
exchange of electrons/ hole between the silicon energy bands
and oxide traps close to the oxide/ silicon interface [E].

The capacitance-voitage (C-V) characteristics of the sam-
ples measured at 300 K is shown in Fig. 2. The HF C-Videal
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curves of the samples ar¢ not shown here. All of the C-v
curves showed shifts to the left in comparison with the ideal
curves, By the comparison of our C-V curves in this study
with the results of the D.Landheer et al. [9] who studied the
anodic oxide grown onto silicon under constant voltage con-

AKKITL Gl

dition, it was observed that the C—V curves of these authors
shifted left more than our C-V curves. These shifts indicate
that the grown anodic oxide films contain fixed positive ox-
ide charges [10), which can be determined by the equation
AQox = AVpgCox/q (1)

By using this equation, the fixed oxide charge concentra-
tions {AQ.,) have been calculated for all the C-V curves of

the samples and given in the Table The sample (a) had the
smallest oxide charge concentration,

Table. The values of the interface and the hysteresis stase densities
' for all samples at 100 kHz, 300 K

Samples a b & d

AQoy 39.66x10" | 78.12¢10"" | 76.72x10" | 51101
(cm®)

AQa, 11.22x10™ | 17.34x10'" | 15.89x10" | 9x10"

(em™)

Nognax | 46.87x10' | 368x10% | 6.12x10'% | 99.6x]10"
{em™eVy!

It has been observed that all the C-V curves showed hys-
teresis behavior; the samples a, b and d, ionic type hysteresis
and the sample ¢ carrier injection type hysteresis. The calcu-
lated charge denmsities are given in the Table, The carrier in-
jection type hysteresis exhibited from the traps in the grown
oxide film. The ionic type hysteresis of sample indicates that
the anodic oxide films grown in the electrolyte contain mo-
bile ions. For MOS structures, unstable behavior due to mo-
bite ions in the structures, especially hysteresis with ionic
character is also desirable.

In order to examine the silicon / anodic silicon oxide in-
terface properties, the variation of the interface state density
in the band gap was calculated by comparing the ideal C-v
curves and the curves measured by the Terman high fre-
quency method {11]. The results are shown in Fig. 3.
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Fig.3.

According to the Terman method [11], used to calculate
the interface state density, for every experimental point in the
graps, the voltage shift, AV;, was determined for the same
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value of capacitance between the experimental curve and  was calculated from the slope of the curve Qs; (). The in-

ideal curve. By using the equation terface state density was found as approximately 10'%/eVem®
in this study. At the same time, it was observed that the inter-

AQs5=CoxAVe/Aox  » (2) face state density curves obtained in this study was closer the
: ideal curve [12]. _

the surface charge was calculated. This charge was drawn as
a function of interface potential. The interface state density
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O, Celik, T. Kiligoglu, M. Enver Aydin, K. Akkihg, G.Giiler

p-SYANOD OKSIDI Al STRUKTURUNUN TOMAS SSRHIDDINDS HAL SIXLIGININ TaTBIQ EDILON
SABIT GAORGINLIKDON ASILILIGININ TODQIiQ1

Mikxtelil sabit gorginliklerin, to'sirinin p-Stfanod oksidi strukturunun/ tamas serheddinin xasselarine te'sirini tedgiq etmek fgiin,
metal-oksid yanmiesirici kondensatorlardan istifade edilmigdir. Hacmi nisbati 1:1 olati, NaH2PO«+2H:0 ve CiHi00s maddelsrinin
su mehiulundan istifads ederak, sabit gerginliyin te'siri saraitinde anod oksidi tebeqelari alinmigdsr. MOY strukiturlar, hazirlanmas
anod oksidinin iizerine, yiksek vakuum seraitinde, Al-un gekilmesi vasitesile elde edilmisdic. MOY wtumlann zeif signallan otaq
temperaturunda yerdayisme funksiyas: kimi olgilmiipdiir. Sethi sixhifm tecriibi qivneti, nezeri C-V ayrilerinden istifada edarak,
hesablaptmgdir. MOY- strukturlanmin sixhglarinin bu giymetlsri bir-biri ite milqayise edilirdi. Gisterilmisdir ki, isde almumss sathi
sixhiq ayrilari ideal hala yaxindir. '

0. Yeanx, T. Keuinigoray, M. Fupep Afasn, K. Axkeiaeid, T, Fionep

UCCIEAOBAHHE NVIOTHOCTH COCTOMAHUI HA TPAHVIIE PA3JIEJIA p-Si /AHORHBIH OKHCEJ Al
CTPYKTYP B 3ABUCHMOCTH OT IIPHJIOXKEHHBIX TOCTOAHHBIX HATTPAXKEHNH

JINs MaydeHHs BIMAHNA PAsHYHLIX TIOCTOAHHBIX HANpMKenHH Ha CROfCTRR AN pasaenz p-Si /aHonHE oxuce:r/ BBUTH MeNOMh30-
PaHE! METAMLIO-OKHCHEN OONYNPOBCAHHKOBRIC KOHAEHCATOPSLL AHOMHBIE OKHCHEIE MIEHKH GLITH BRIDEMIEHE! B YCIOBMAX APHICKCHHOrD
NOCTOAHEOrS RANPTKCHNA C HCHOIILIORRHAEM BOAHOTO pacTeopa NaH,PO2H,O ¥ CyHgO; b ofbeMuOM coornoiiennu 1:1. MOTI-cTpyk-
Typu! GBLIA MPRIOTOBICHEI HAHECEHHEM Al Ha NoArcToBACHHGLE crof "BHOLNHOTO OKHCAA B YCTOBHAX BBICOXOrO BaKyyMa (Cnafhe cHrHanbl
MOITeMKocTeH GEUE HIMepeHs! kak yHKUAR CMEIICHHA NPH KOMHATHON TeMneparype. JKCASPUMENTANLHOE IHATCHNUE TNOTHOCTA TIO-
BEPXHOCTHOND COCTOARIY SN0 BLIMACIEHO ¢ NMOMOIILIO TEOPETHUECKAX a-v KPHMBEIX. 3TH 3Hauennd nnorHocrel MOIT-crpyxrryp cpaskn-
BAJIHCE APYT ¢ APYTOM. TTOKA3AHO, YTO KPUBBIC INIOTHOCTCH NOBEPXHOCTHOTO COCTOAHMA, TOAYYCHHbe B paboTe, SAN3KH K RACATLHSIM,

Hama nocmynsesus; 25.08.00 Pedarmop: O M. Tawumsade
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