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KOOOOHIHERT OTPAKEHHSA JAEKTPOMAIHATHRX BOJIH
OT KOHEYHOH CBEPXPEIIETKH

3.P. 'YCEHHOB
Hucmumym Ouzuxu AH Asepbaiioxcana
370143, Baxy, np. I [»casuda, 33

B paSore [1] paccmoTpesa somMommocTs pacmpocTpe-
BCHES JICKTPOMAIHNTHLY BOJH - DOINPHTONOS C SACTOT2-
ME CINNOIME X WCHTORNMM, B DOSYNPOSOIEEEOSCHE
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TommeEs (2>>d) ¥ prsy woresEl  posccTpeeceod
HpOoNMIREMOCTH (£;<<#) Bumm milyww oSope pomemms
ypasmcsms Maxcaci1a 5 Secxosemoll cacprpemeTae ¢ yue-
gwmmﬂilmm

® TM-soaspemonos.

Hemomoys e pemcwns, wad safizew s masmofi pabore
TPEENFONMC YCIOBEN 109 EOMDONCHT DOST H3 3C80R B opa-
80ff DOBCPYEOCTEX EDECHEOH CBCPXPCICTEN, [PEENTGIIDOL C
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HICHER C IBYX CTOPOM (PEENTNT C BAKYYMOM.

HacToryo sasscumocTs xoddgmmecsTa orpemems (15)
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[1] 3P I'ycefimos. P.P. ['ycednos. Fizika, 1996, 1. 2,
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[2] B Kesissu Nucusa s XITO, 1979, 1. 30, 5 4,
C. 244-243



E R Guseinov

THE REFLECTIVITY OF THE ELECTROMAGNETIC WAVES
AT THE FINITE SUPERLATTICE

The semsconductor superistice contammng the fimte number of layers s conmdered The boundary condions which connect the vaiues
ihmﬂﬁ”ﬂuhﬂ“ihh--“h”dh
m“-hmdﬁﬂﬂih#_jimtihﬂhh-ﬂ
fregquences of the clectomagnenc waves the reflectinty moresses with the merease of the number of layers of the superisttice.

Jama mocmymsesss: | 5.05.96 FPedaxmop: JOM. Cendos
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OCHOBHBIE NPHMECHBIE COCTOAHHSA I'TYBOKHX IEHTPOB B Ge, . Si,

P3. KA3HM3ALE
Asepbaticacancran ['ocyoapcmeennan Hegpmanan Axadesus
baxy-370012, np. Asadawz, 20

Ha ocsoee womsomcxmx

IPCATION] WICPITTHNCCONC YPORIGN OCHOEMMX OPMMEOSSY cocTomsmdl rIyGomel LesTpos

e e HR
(CaAg Az, Zn, Cd, Hg Ni, Fe, §, Se, Te) » amcrese Gey.oSie (05x50,3). Tomaneso, w10 ypossss rayGomo mpenescesx nesmpon 8 Gey.oSi
PARMUTY (pacHeriacsy) 5 BN ¢ XROTHSMOCKMM XEpEETCPOM pciipeiescas sromcs Ge ¥ Si 3 pomeres gesTazm. Yopemscmmie
WEPINE MO BOCX IPSMOCRIX YPOBECH EMMOSDOTCE GERRNO ¢ COCTEBOM EPECTALNS, § COUTBCTCTEMN ¢ MOASEMO SEPTYRILAOID

EpWCTRLER.

OfcyXann sipoc ROESEc ¢ KPETHOCTIN0 BOTMOTIED MPLACSMY cocTomm rTySomo: newrpos 3 Ge, Si i Gey oSia.

Coextp rayGoxex mpemecEsix cocTosmmll 5 cmcTee
Gey.Si, mymacs » pux pafor (O manpsnecp [1-2]). He-
CIROSAENE DPOBOTATECE 8 CPMANNENOIOOHLIX COCTRBEX
spacTazios (0 < x < 0,15), 280 3086 SPOSGINMOCTE EOTO-
Tn CTMPLMY JOINEAME § HANPARICHELX

111], o= m » repacassn. Bonpocs caramnas ¢ ymupess-
oM (PACIECIICHECM) NPHMCCHMY COCTOSHER IIyGOKEX DEm-
Tpos, OOYCIOAHEMM XMOTINECKEM PECHPCACICHECM ITO-
sos Ge u Si » pemseree warpusnd [3] » smx paSorax e pac-
oarpesamcs. B mcrosmedt paGore oSoGmem petymsramu
BoCacaosaEEll CHOETDS OCHOBHALX MPEMCCHMY COCTOXENR
rayCoKX DpRMCCHMX EHTPOS EiE SXNCNTOPSOID, TaKk ¥ I0-
EOpEOID XapaxTepa @ cacrese GeySi, © coscpmammew
xpesmms 30 30 ar % Oxast mx repuMasmc- TaK B KpeMERC-
DO306ELIX COCTESO0S BOISONNT CICIATS BMBOIM, OCHOBAE-
HLC K MNOROMCPHOCTE ETMCHCHNY (NCKTPE HPSEMSCEMYX C0-
crossmil OT COCTAES EPECTALIA N OTHOCEINNCCE KD BCOMY BC-
OPCPREBOMY PATy TRCpIMx pacTeopos Ge, .Si,

FmeprEs CANE ECCICTYOMAN DPEMCCHMX YposEcH ompe-
ACTUINCE W3 TOMICPATYDEAX MBECEMOCTCHE moddumumenra
Xoama B msmcawocTs OT COOTHOmCHERS EONNCHTDAIDHE
seaxEx axmenTopsnx (B) wam sosopmx (Sb) mpmseccest =
mccaeapsaEmnix rayGosxx mpmwecmux memmpos (Cu, Ag
An, Za, Cd, Hg Na, Fe, S, Se, Te) » spucraamx Ge,Si,
Galze peamnosams yCI08HS, NOISOIMONNEC BMNBNTS ¥ OD-

ISCDIEE AXTHEAINE. YSCINSCHRES CTCOCHN EOMICHCRINE [Ty~
GOXOrD YPOSES NPHBOINT K POCTY €0 MpdexTunsod ucprm
axTEsa. 3TH 0COGCHHNOCTE KOCBCHEO CEBEACTCILCTEYIOT O
PEIMWTEE (pacImenicuMd) yposscll rayOomx opseccedl »
Opele I OOPCICICHEND HCPITTENCCEONT MNTepsam. AR
J0MrE0e SACER: =0DmOTIOCE § IPYTEME ASTOPaME 8
Teepaix pacTsopax A’B’, scrwposmssmdix rayGomeda: npe-

MCCHMME ICHTPAMM M #OCHT obumait xapaxtep [5-7] Mparas-
HOfl TRKOTD PENMAMTES SRASCTCE X20THSCCKME XIPaxTep pac-

osans 8 EcoocpoacTecsmoll GanocTe OT ITEX DeETpOS W
OXBATMBEIOT OTHOCHTEIMEO meSomamse ofnoMd EpucTatm
I ofneMM B CHIY XBOTHSOCEOID PECHPCICICHNN EOMEC-
BCHTOS TRCRIOrD pacTeopa OyoyT orawrmmuc apyT or Py
mo cocrasy [locznmay scpras camm rayGoxsx yposscd
EAEECHT O7 EoMDomnms (orsafmero oEpysCEEY SpEMeCH,
B EOTOpMX BOINOSSS $yEXNNY ICHTPA OTENTES OT Hy:EL
BMOCTD IDKATMART yposEcl ¢ aINEmsoeod £, oTRevmOmpY
INCDTEE AXTHBANNN OPHMCCH § OPOCTOM DOy NPOSOINNES, B
TBCRIWX pacTBOpax GyaST MMETE MECTO paSMMTEE ITHX
ypossch » 3oxy. Yunrusas 3710 oSCTOSTEmCTSO, B TRCREMX
PACTRODAX CIEIYCT OOCPNPOSATE DOHNTECM yOpPCIRCHEOR
IECOIEN ANTHRMDIN [IyGOEOrD DpEMCCEOMD EETPR. Ja se-
INHEY ITOMD DEpasmeTpa 8 pafore opemEeTo Tazoe mocEEe

amchmore moodduumcnTa wnscscEms dE'dr yopepscmmol
INCDINN AXTHBAUNE [IYGOKEN HPRMECHL yposscl o7 ros-
ICHTpamME xpesams 8 spucravmax Ge, Si, lacs me zamu
ANTCPETYPHLC ZANMMC 00 MCPICTHSCCKEM COCTOSNENM Pay-
AL SPLI0ELX COCTosEES rayGOKNX ECHTPOS B repaa-
. OvcweT 3mcpram aas scex cocvosmmll BeacTCY OT Bep-
HNHL B ICHTHON J0HM DOTYOpOSQINEES PocT yopopecmmol

BOTMORHLY MAPAI08MY COCTORHER MCCICIOBANHAY TPRMC-
ccfl » rpecraxmax Ge, ,Si, mofioro cocrasa Ha pec | = npe-



OCHOBHME IPHMECHME COCTOSHES [ 1Y FOKHX UERTPOS B Ge, 5,

30800 COCTOSENA ITHX EETPOS 0T EOEIEHTPRINE EPCMHERR
B EpECTALNC.
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Korepdsaseermu Descinor duscsnon dE dr yope g
TECPMN CENTH OCHOSMLIY IRRMECHER COCToRDER T TyGomn

CENTPOS C© ECEENTINacS CpOWITE § TBCRAX pecTsopex (e: oSi,
B BEpreTeciee cocTomst £ rTySono mpeec ypossc 3
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Ge.Si # Ges oSia. Kpymoouen ofommrsesas wonepsnecs-
TADSRE TR

Hoc axmemTopmoe acficTame dzcucwros |5 momrpymma me-
PEODECHDE CHCTEMM B ITPMAENE OSRACHECTCS MOIETMO
TETPEAIPECOENN K0S WHTHWY Canell Fees oame 3 ewr-
-l“-—nﬁnulmlp-
X EpRCTALGPCCEDS POICTION, ITH MICMEHTM MOTYT SpE-
RATE TPE J3SXTPOSA I BASCHTHOR J08MM N SABCPEINTS TETPR-
Vprecxyo caxn. Kposee yToro sascmmmwoupee arosmad Au
COMIEOT CINE QUNE I0HODsGE YPOSCHR, PRCTIOICECEEMR mH-
= axEaTopsEMx cocTossmll. Kax smumo m psc, Tpexspar-
Hoc amenTopmoe AcfiCTEEE MeIm 2O BoEX cocTamax ey
Sk, ¥ Si coxpasscrca. [Las npmmecs Ag TpexxpaTsoe axcn-
TOPSOC DOBCICHNC MMCCT MECTO 3 COCTEBAX C COMCPRANNEM
EpCMERs npecps0 20 60 ar % B spctazmax ¢ Gosee s
CONHM COCPACINECM KPEMERN B B S SIMSTICHOODE FTOMM
Cepefipa MIWOTCY IBYXpETHMME axETTOpasE. [lpmeecs
An » cecToMe Mcn__m
20 27 ar.% COMMCT TP AXNENTOpEAX YPOBEN ¥ QIEN 30-
HOPHLE FPOBCHM, Kax ® 8 repaassn C ysexmecmmew coxep-
BANNY EPCMERT B KpECTALIC. Al CTANOSBNTCS CHISATA V-
EPETHMM, 3 JTCM QUSOKDETHMM AKNENTOPOM, IPE ITOM OC-
m“mcmmm
DOIOETHIMM HIAT OCPBOTT AKNCTTOPHOMD COCTOSERS Pxy-
JEES B DOSCICHAN ODEMCCHL JICMCHTOE OI80# & Tof =
rpynns scpmopreczoll cacresss 8 Ge, Si v Ge, _Si, come-

oM Eanpansesin 8 Ge 8 Si MoR0 ompeasINTL KpETROCTE
BOTMOAHLI EPAIOSMY COCTONENE BOCX  BCCICNOSINELY
opEsecei
l-ﬁm“-._—:u_rq-
h“m_:lm-_ 1
repuasmenoaoGER cocTasax cacres Ge, Si, (0<r<D,15)
MNosysesmec » mactosmell pefore zuomee maxozercs s

Jecprafl Carsn 13w rayGomo: apmsecing meETpos 5 Ge, LS,
B ESCTOSIEC BPCMI BC CPCICTASINCTCY SOTMONNOR, BRIy
OTCYTCTERS MEKpOCxomrecsoll TeopeR. [Ipeecmesme coor-
HOMCHNR. HOTYICHIGL B DOTy$CHOMCEOIONMECTOfl TeopIm
[a0acany [8] 5 psoax remmencaobeod woxTm opwescEoro
EENTPE 3 TOIYEPOBOINEEAX A ISyCHMpLINMX ECHTPOS B
cucreme Ge, Si, 2T peyymrar ¢ tazoff xr CrencEmio Tow-
HOCTE, ERK ¥ B CIya¢ mcToro repuanms. [lpw yrom 1aw 3¢-
m_*-m_n—r
HMY Opswccefl DOJYSMOTCE IEISCHES OT ABYX 30 TPCX, KK
H B ICPMaNER.

Pemoummpys nosywcmmse mmese wommo caemam cic-
IOMES WETBOWHES XIDANTCD KMCHCHRE 3SCPTCTISECKD-
O CIRCXTPA OCHOSHMAX COCTOMMMS rIyOOKNX DPRMCCHMY Brs-
Tpos » cacreme Ge, Si, ¢ cocrasom MaTcpmam ® &0 OCO-
GeHNOCTH. COrEACYIOTCS ¢ IPEACTARICHREMN MOSETN BEDTY-
ADHOTD EPRCTALIE X3OTICCEEM CIPEETCPOM Pachpeirie-
HES EOMOORCHTOS 3 DCICTES MITDHIDS B TPEECHOPMAIRDME
30s80fl CTPYXTYPS EPRCTALIS TBCRIDID PacTeOpa.
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RZ Kymzimzade
GROUND-STATE ENERGIES OF DEEP IMPURITY CENTRES IN Ge, Si,

On the basis of Hall measwrements it is found the ground-state encrgics of decp impurity stoms (Cu, Ag. Aa, Za, Cd, Hg Ni, Fe, S, Se,
Te) m GeyoSt, sohd solutions (0<x<0 3) &t i shown that the splitting of the impurity levels in Gey. Si is duc 10 2 random distribution of
Ge =d Si sioms = & aysial The averaged actvanon encrpes of all explored mpunty levels change linesrly with orystal compositioe.
Thes result agrees with the concept of & virtusl orystal model

The sumber of possible charge states of the Imperity stoms i Ge, Si and Ge, Si, 15 discossed.

Jama noceynseaes: [4.]] 96 Pedcxmop: EI”. Tacmes
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METO/ CTOAYHX PEHTTEHOBCKHX BOJIH B HCCAENOBAHHH
CTPYKTYPHOI'O COBEPIIEHCTBA TOHKHX [IPHINOBEPXHOCTHRIX CJIOEB
CBEPXPEIIETOK GAAS/ALAS.

MLH. ABJIYJUIAEB, 3.1ll. AJIEKTIEPOB, H.P. HYPHEB
Hucrmumym Domossexmponuxu AH Asepbaiioxcana
370141, 2. Baxy, ya. . Azaesa, 555-i xeapman

MeTosouM CTORSO PETT SScGI BOTH RecIepaaE cacpapemetia GaAs/AlAs, norywoss B Doasomme Gads
Yoramoesemo, Y70 SuSsufl weTOL MORST AL ECOOEOOSSH IIN [OTySCHNE MEpOPMEDS! O SCPGEN CIONX MCCEeTyeuoll cReppe-
meTr. Onpescicm TOMDeS: M LW TALINSECEDS COCTORMRS MIINTION T caos  cacppemeTan GaAs/AlAs.

Meroa crorex pesrresoscxax soam (CPB), Gampywo-
ONiCE 52 EMCPCHER yTI080f MERCHMOCTE SAOOSR ETO-
peronax murysensd (§uyopecEsTHOrO, Ton0sOro, $oTo- B
Omz-ascxTposos, Ty SO0 ¥ EOMITOROBCEDID Pacces-
RN N TA) B yoaosmex TeEaserecsofl uepaxom pesTre-
ROBCEKEX Jyicfl, masetca PPCETHREMM NECTPYMCHTOM
AMAINE CTPYKTYPS PCAghHl EPECTALNOS E, B OcODcEmO-
CTH, TONERX DpsmoscpxmocTEacs caoes [1,.2]. Meroa CPB ¢
renomsosanEes $OTo- B (Es-3ACKTPOROS DOIBOIRET NOSY-
4HTE ERPOPMADNG 0 CTPYEIYPEOM COBCPIRCHCTEC DOBCPX-
HOCTHMYX C30€S TONNEEO# DOpLTKa rayGmm muoxom $oTo
(<3000 A) = Omc-ascxrpomos (~-1504) [3-5) B 6]
memuw wetozou  fum  EcCacaosaEm CaCpXpomETEa
GaAs/Ga Al ,As ¥ DOSIENO, 10 MEKH-CITCLINTM HIOENX
DOPELTXOs ¢ XAPAETEPERME 113 GOTOMPCKTa ABOMATREME
BAXOS ZMOT JOOOIENTCLELE AEHME O CTPYETpE o
scpuamx caoes. Opamso, 3 sammcyxasassoll pafore Emcpe-
HES DPOBCICHM B EETCTDANMEOM poaonse Gc3 pausesesms
AWATPOMOS 0O ISCPIREM, EOTOPLE PETRCTPHDORA THCE CTAH-
mmprmsaan BJY 6. Tew s wence, asamn peyInTaTos pa-
foTs DOWOIET DPCINOSOKNTE, WTD KIMCPCHES EPEBRIX
BAXOZS C BMCOKEM )TIOSAM DEIPCHICHECM MOMCT CYIECT-
BCEEO yRemweRTs O0bcM EEODMAINE O CTPYETYPEOM CO-
BEpIEECTRE BepxENx Caocs cacpxpemersa (CP) m, daxms-
WCCEN, OPOCKANNPOSSTE HX H OCODCHED ammeTmme CIOE,

MpexrTansesmee » mcrosmed pafore =3 opmecpe
seppemeTEn GaAS/AIAS NCICpEMCHTALEME PCTYILTE-
Thi, ZCMOECTPHDYIT NDESOMCDEOCTS CICIANMMY EPCIMOM0-
mcrll B, Taond o0patoM, MORED CINTETE IAHEYIO CTETMO
JOTHICCEEM pansETReM paborta [6].

Hoecaesosamss sexncs oo sy apecTamssoll Cuwcse Gpor-
roscxofl TepPEKIE POHTTCHOBCKEX IVHcH El ABTOMITI-
CEOM PENTTESOBCEDM CHEXTPOMETPE [8] ¢ cnomosasmew 8
EIMCCTRE EDECTALIZ-MOSOXDOMATOPE  BACOKDCOBCPIRCHEOND
Ge |100( [Jax 3scprerrecort pEUCICHRS JacxTposos G
ECDOTAIOSAH JECPIOEEATHETOP THIR IDUDGLIPNSCCEOND
xpam (LBA) [7], ofmssomero scosEM paypemcEmEM
(~3%). Kpscrausorpsarcis ¢ MCPrOaEANCSETOpOM DOME-
ERICE B BEXKYYMEYO masmcpy, caabmsmnno cacremoll Ge-
PRULIMCEMX ONON TOImmEROHE 0,3 MM 1I8 MpPONOEICHRS PCHT-
resosczoro munyeEns Orpascssndd pesTresoscrall Tyw0K
PETECTPHPOSAICS CINNTELISINONHAM JCTCKTOPOM.

Hecaeayeunadi oSpanen npexcranass coSoll cacpxpemeT-
Ky 0 wepegponpcs caces GaAs (rommpesoll ~3204) =

AlAs (rommmmoRt ~1204) Cacpxpemersa rozmmmodl 44004
B oepenzow 4404 Guim supamess = Doxwase GaAs we-
TOROM MOJCKy aNpsc-Tyxesoll awTaxcum [Notsosos mecaw
opseETainne noscpumocTs 100 ¢ pesopmewrammedi 3°
a0 maopanwEns |1100 Cecpxpemersa oo Texsoaorss

TOMINEZ SAnTEoro Cion [Ipsecsscwddl weToa nosoaset
oTcen EnopMamno 0 Gosee rIyGORDACASIDIX CI0EX B BN
ACINTE MANCEMYML, POPMEDYIONIESCE B PCYVIMTETE BMIX0S
ISCETPOSCS ¥ A5 THINpYCMOID SOBCPXHOCTEOTD CI08.
Yraosas :escEMOCTS SMXOSE MCXTPONOS ) BCCIEIyT-
MOro 05paiiE § ENTCTPATANOM POENME DORZams Es puc. |

Fﬂ

'S 13

e =  “ea

Fuc ] Yicoses sswcneccts SOwm $OTCRSETPORCS 0T
mepopemeTi Gads/AlAs § T pETLEON peaDne
wnepessn CP - csepepemera, [1 - oo,

Caeqyer ysecTa, 170 TONNENS CRCPNPCINCTEN HPEBOCKD-
2T cpcumoso rayGusy saomR $oroascxTpomos (~30004)
I10 o6CTOSMMEMCTIO APHBOINT K SOSAICHESO PEIRD BALNe-
AWOmETOCH MAECHWYWE OT soxomam C apyroll croposm
EfBOIMCTCE CTPYETYPS € SPED BRDERCHHMME MIKCHMY-
MAME N MENNMyMAMH BONOEGS B3 OCHMANNNN, W, mO-
BILIHMOMY MMCNOUQS KNTCPHCPCHINONEYIO IPNPOYY Epomc-
n-:-.ﬁ_-“u:-l—l—_lﬁ_{o}.
TO £CTH BMMOINECTCS FOIORRE

2JPRe:E,(O)E(0) < J7,(0) .



mﬂ'—*l!q“ - EDOpSIDICHT OTPAECHNS DCETTCHOS-
I THCE.
B=r.[lr.| - taxop scomeserpu;

HO) - AMILINTY 32 TMGPAXINONEOID PacCee,
E.(8), £,(0) - sxmryns sazmome# u ovpamcsmolt

BOTH,
& = X5/ X .1
} - - MENMAS S3CTS AMILINTY I PacCemmms
zewcHETapach rocixofl xpecTaim
(e 2D
Bosmmcsosenme 3708 CTPYETYPM CRMDMBSETCE CO CRCPApC-
meTEol.

Mo rpEssin BWX0T JCETPOROR, SADOINEDEX &0 [AyOR-
e L<I60A Guwm yrowsesw Tommpom pocacgeero
(AmMNTEOM) CH0S H COBCPINCHCTRO €0 CTPYETYPML Jwcpre-
THRCEKER CDEXTP McKTposOs, saeTmoummx 3 GaAs npm
mAscENE pesTTemoscKEx Tywcl ma xpmcraxa ( Cukl - wuy-
wcwmc) spexTasses = pec. 1. Ha coexpe wermn muieas-
o vascayss or MVV, LMM O=e- = L{As), L(Ga)
forcnaexTposos.

% ': 1 I 'i't"-l'n ' "“l“'
‘l‘
"

WHTEHCUBHOCTD (orw. ag)

gE "

L]
L "'.:". -
o
KMHETHHECKAR IFHEPIHA (ne8)

MVV- Ome-3sesTposi EMOOT OTHOCHTEIAED HEIEYRO
Dm0 B DpexcTasamor ocoful mETepec, TaE Eax omm
EROANT MO MATMX [ITy0HE DOPEIKE HCCEDILKNY EASOMET-
pon. [MooToMy DOSRISSTCS SOUMONBOCTE ECHONLIOBITS KX
AN EOYCHEN COCTOSHES DOBCPEOCTH EIN OTACIREWY A%
copGuposasnusx caoes [9] Casgyer yormusan., =m0 MVV
Ome-20exTpossl BOTHMGHOT K3X 3 OPEMOM EpOECCE $OTO-
BONNGAIE, TEK ¥ 32 C°T s000yEarENS ITOMOS H3 DOBCPX-

(cpmmnie A, O) & LMM Oms-oacxrposcs (xpemes 7)) ot
seppemerin GaAs/AlAs

Jas LMM Omr-33exTposcs SEIAI RCHPEMOTD BONOYE-
ACHNS OTHOCHTCIMSO MAI N HIMCPCHEC COOTRCTCTEVIOmEH
JT20808 MERCHMOCTH J3CT BOIMOENOCTS DOJVINTE EEGOp-
MADEO 0 CTPYEITYPEOM COBCPINCHCTEC PSDOSCTUEOCTEOND
Caos Tosmmsoll Dopam ray(Esn & mawom B mammoum
cryme scnomaosamee LMM O=z-yacxTposcs npexcraans-
erca Gaarompesmina (rayGmem saoom ~150A) x mecwoTps
H2 TO, YI0 MAECHMYM ITHX MECXTPOEOS PACHOSArscTCS 3
“meeaecrase”, ofpaosammon L(As), L(Ga) -$oroasextpo-
HAME BAOOININME B GOTMENDX rIYGE, MOMEO, ECHOTMIYE
weromxy 8 pafors [11] ssemm coorTsercrsyouml
CErsEaL

¥Yrooses msmcewocrs (cu pmc3) memocpexcTecsmo
LMM Omz-33cxTponos 0OPCACILIScE B0 NIMCPCHREM YT30-
BRI JAMCHMOCTER Lax AacxTposos ¢ yacprrmaa 1000 3B &
1200 3B Copsa posywessoll MEECHMOCTN ANASOINTHA
EpEBOll DCHITCHOBCEOID OTPARCENS B CEEICTCILCTEYET O
mnra asopdmoro GaAs rommpmod ~150A = noscpxso-

CTH CRCpXpemeTER.

[1] B W Batterman . Appl Phys Lent , 1962, v.1, p. 68 PM Huawos. Kpucrazsorpadms, 1987, 1. 32,

21 AM Adanacses. IIA. Asexcandpos, PM. Huanos. Mic 7D
Pearresoampanigiossas IMArBOCTHEA CyOMMEDOS- 6] AMAdanmacses P M Huawos A B Mocsos, B.I". Mo-
mx caves. M Hayxa, 1989, ¢ 151. xepos, 3 M. [Imsces v dp. Kpacrazsorpadms, 1993,

B] AM Adamacses, BT Kon XIT®, 1978, 1. 74, ¢ 300 T3 Ml css

] MV Kruglov. V.N. Schemelev, G.G. Kareva. Phys. (7] [LH Asexcamdpos. BE Epecaep u 3p. ITT3, 1986,
Status. Solidi (a), 1978, v. 46, p. 343, sum 1 c 198

151 AB Macwos, 3. X Myrawedzconos, Je Kowz Kyu, 8] MB Kosamgyx 3K Kossesu dp ITT3, 1976, 0a 1,

c 194,



[91 SM Dwbin LE Berman. B.W. Batterman. Phys. 1988, 1. 301, e S, c 1098,
Rev. B, 1986, v. 56, p. 236. [11] 3Mlcmaes, M H. A6oyaaces. Kpucrazsorpadus,
[10) AM Adamacses, B H [lepezyoos. Jox. AH CCCP, 1989, . 34, mum 1, c 263

M.L Abdullayev, E.§. Dlakbarov, H.R. Nuriyer

[FRAT GoFosIN NAZIK SOTH TOBOGALARININ QURULUS MOKaMMBLLIYININ TODQIQINDS
DURGUN RENTGEN DALGALARI METODUNUN TOTBIQI

Teqdmm oluman megaleds molkulyar desteden cpialsina metodu de GaAs oturaceq monokrstak Germde abnmmy
GaAd/AlAs fral gefasmin nazik seth tabeqelermm quruing oulksmmelEyi durfun resigen dalfalan metodn 3 todgey  edibmmdir
Reatgen palhrmm o'sir altmda kristaldan gaxan foto- ve Op-clektroniar siimdrik pizgs tiph analizatorun kdmeyile coerjiye
HMW“W“M#HQH_“,“H“H

i

MLL Abdullaev, E.5Sh Alekperov, LR Nuriev

INVESTIGATION ON STRUCTURE PERFECTION OF THIN SURFACE SUPERLATTICE LAYERS
BY STANDING X-RAY WAVE METHOD
The mvestigation of superiatice GaAs/AlAs, obtained on the perfect substraie GaAs hes besn considersd by sanding X-ray wave
method.
i 5 shown thet the standmg X-ray weve method gives the miormanon showt upper leyers of superismce under mwestigation The
tnciness and arystallme sate of seperiamcs protective laysr have been det=rmuned by mesns of fixed Aoger-ciectrons.

Jlmma moceymees: 01.05.9¢ Pedaxmop: P logusade
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HOBEPXHOCTHAS NPOBOJHMOCTD KPHCTAJLIOB Bi;Tes sSeys

3. BATHEBA, H.5. MYCTA®AEB, H.I' CATHTOB
Hucmumym Pomoasexmponuxu AH Asepb. Pecrytisuxu
370141, 2. baxy, ya. ®. Azaesa, 555 xs.

Wmmﬂmmﬁﬂmcmmumm
TEHH JC4CXTHOCTH DOSCGSCCTIOND CION M COCTESS OKpYASIOMER CPeld AHATIO [OTYSCUGI0 SR OESOSNT [ BRBOXY, Y10 coTecT-
_mmt_w—ﬂnﬂll—:-“mﬂlmh—-
IR ma noecponcTx Bi: Tep Seyy mopepacTainrenn® G0l COSTIENT BCROIIDTNE M, ICTED SMEMOACTIYIONSS: ¢ oM-
TCNCHTRMN ONDYERRUES CPCSd. 3 TEEES COLBNCONST 8 SUPEmEeanf WEC FTOMO Ciol YPORNN CUpPCASTECUINS TOMDEDETYPERK MEECE-

MOCTH €70 MPOBGIMOCTIL

Kpacrazau Tecpmix pacTsopos cmcrem BiTerBisSe
MNpOXD OPEMCEBOTCE 8 TCPMOMISKTPESECKNX npeolpaso-
BATCINX MMCPIEE 3 EISCCTEC A-8CTRCH Topamoaacmestos. B
TCPMOAICMCHTAX ¢ MATMME COMCTPICCKEMN PaIMCPaMH,
JCXTPEHCCKEE CROMCTES DOSCPXHOCTH CTANORSTCE POImmo-
e YewTusas o, 5 maEmoll palore mccacaosasocs
ammmme oSpefoTEN = DOBCPXNOCTEYW OPOBOINMOCTS
Bi;Tey:Seq s © #-THDOM OPOSOINMOCT B EHTCPEARS TEMIE-
paryp or ~77 30 470K Kpecraims Guiam moxywems weTo-
zom Bpmzaecsa OZMOPOINOCTS DOJYCENMX EPECTALION

TEM, ¢ DOMOMMG JICETPOIPOINOEEOR B CTpyHsOl peyw0s osm
PESpeIATECE DO IMATOSATLECH MIOCKOCTH H3 IB3 HASHTHY-
mox cnmoobpamax ofpeum. Ha maarosamsix nosepx-
ROCTIX KIEBOOCpanEL o0paInos BCCRADSAIACE TOMICPE-

sou “rmm” [1] Howcposms nposomomcs 3 saxyywe
1,33 107 MMa, = orxpsmos soagyxe ¥ & arMocepe xcao-
pom ¢ mamscsmes 1,03 10° Ma Mosywmmee pesymrana
DpexcTaseEL E2 pucyine. Baamo, Tr0 rempcparypmas -
BECHMOCTS BOSCPXEOCTECHE DPOBOTIMOCTE (o..,) B3 Ecob-
pafioTasmLix mOCI peu OOpEMEIX DOYTH QINEAKOB3 MpH
PRALINNELY OEPYRGBOmNG Cpeiax (xpmmse (a) 1, 2, 3; (6) 1,
2, 3) Kpmsse TeumcpaTypmofi MBNCEMOCTN 5., B ITHX
caymex ofpaTiMa B COCTONT N3 HOCEOIMENK PELINGMMX 0O
oddmpenTy ToMECpETYPHOR MBECEMOCTE  YRCTEDS.
I woaERecas ofpaborea nosepx-
HocTH (2] mpEBOANT £ YMCHMICHNNO O, § EECEOEMED pal
[pm yrom, TEa<cEms BosCpROCTHON NPOBOINMOCTE B obpe-
Gorammnix ofpewumx 5 saxyywe, 5 arocepe ERCIOpOTE
HIN 3 OTEPRTOM BOLIYXC COBSASNOT N HC JABHCET OT TCM-
meparypsl. Balm mccacaosans TOMDCpETYPERS ESECHMOCTS
DOSCPXEOCTEOH OPOBOIHMOCTE CCTCCTRCHEOID CI0s (moay-
SEHEOMD MCTOIOM CEATHMEIRRE MOBOKPRCTALINCCIN CINT-
s x mcofpaloTaEmoro NOCAC CRATMBANNN) EKPECTAANOS
Bi;Tey»Seyy (xpusas 6 (3)) Jmaecume o, CCTECTRCHEOMD
C308 COBEAN0 CO IEICHRCM DOBCPXEOCTEOR NMpPOSOINMOCTH
mocae ero ofpaborsm
Tasme ofpasos, wOmEO EPEATH X BMBOXY, WTO CHCIE-
$FCCIaM TOMDEpETYPERS JAANCHMOCTS HOSCPXHOCTEOR Hpo-
samuocTe, Eafimoscsas 5 caymee meoSpaboTammix of-
painos (EOTOTOAICHELI MCTOAOM PCMKM 0 camTsos), ofy-
CIVBICHA DOBCPAMOCTHMM CI0CM, BOIMMENOGINM P KWO-

—ill— =]
7 4 8 8 B B B

2 4 40 B B PNX

Fue Towparypss SEacHeccT: DOSCEREOCTHOR DposcIe-
MOCTH OSpANIS SLDEWSIEY iy EpecTatacs By Tey Sy
WexTpooposscerll (2) n crpysmolt (6) pemofl 1-3 coor-
BECTCTFVIOT Enecpormeiy i ReofpaSoTessas ofSpewmy §
BEKYYME, B BV B § ATMOCHepe ERCIoposs, 4-5 coor-
BCTUTSYIOT OOpENIAM IOSEPIGIOCTE, IOTOPMC oOpatoTaNm:
FETPONFMGECM TR Sy B MECOreCEon TN
poaxolt € - COOTRETCTHVET ERNMrpEsSan B ECTECTREITOM
NCSCEICEoCTHOM C3oe olpeum.

BCPXEOCTH CPCM BOMMNEMT EADYIRCcHMME C30f Toanomsof

HIPYIBCHELE CION MOTYT CRIMSO OTANTETLCE OT ofpaum mo
CTPYRTYPC, COCTASY B CIEIDBATCIMMO, 00 MECKTPHSCCKENM
caoficTsan Tpasacume » Tewcume 45-50 cexyma yorpamser
DOIEKDERCTALGMECH Coofl, Ereial POINCTER, BO CHELAET
X $PArVCHTANNE, EOTOPRS COXPARSSTCE B DOCHC L THTCE-
=0 Tpansesms ( 20 30 wmmEEyT )

Ha ocmome ITHX Sammna, MOMHO MEBONNTS, Y70 NPE B
roToRaesnn O0pEInOs N eTRCH  TCPMOMACMENTOS K CINT-
KOS MOHBOEDECTANI0S TeCpaoro pactsope BiTe,-Sey; =
DOBCPXHOCTH CPCXl BOTHMERCT HADVIBCHMME 208 r Gumof
20 15 e DacxTpReccEc DEDEMETDM JTOMD CIOS B X



[1] PH PyGwoumeix, BH Oucwyss. fioxa. AHCCCP, (2] TJ0 Amesa, JlLII Abounce, 3J0. Casoes. Fn. AH
1959, 1. 125, e 3 c 542 CCCP, Heopr. Marepsama_ 1981, 7.17, Mal0, c1773.
G.Z. Bajzyewa, N.B. Mastafayev, N.Q. Sadagov
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O.5. TAI'HEB, T.11. rAlLIMMOBA
Quzuxu AH A

370143, Baxy, np. I'. [Ixcaeuda, 33

hmmwﬂﬁﬂ%mmmmw
(2escpres sxemacpen £,=0.5+1.60 3B, xosucsmpawes N,=100+ 104 cu¥) soxames yposmell YCTERORICRO, YT0 MEIANIOM TOKD-
npoxoEIeHRs o5 yCIcRIes TUKOM . Of PANNSCHNLM TPOCTPSRCTRERmLM Japasos (TOT13)

KPHCTALINSCCEOR pe-
merr 5=3.80, =12,15 A, Z=1 mp. rp. P¥1 [1,2]. Cocm-
mcais MnGalnSe Fu neponacrumsnd 118 collamnes HA HX

.

5 4.5 % %N

1

Y — 8

Puc. | BoasTamncpaas iapaxtepwerixa (BAX) crpyxryp
In-MnGalnScEs-In

Ops PELIRTHALE TOMICPETY-
pax- T, K: 1-284, 2-300, 3-314, 4-329, 5-350, 6-365.

BomT. 1spaxTepecTHEr (BAX) 5 meTcpSa-
3¢ Teunepatyp 280-370 K npsmenceng sa puc. 1. Ha mxe-
CPHMCHTATRERIL JABECHMOCTIL MONHO BMICTHTH IB-
paxtepsmic ywacrxm J~U, J~U7, J~U", rae n>2 Taxme

JABHCHMOCTH FOBOPAT O TOM, YTO OCHOBHYIO POk B TO-
KONPOXONACHEN HIPAlOT TOKH, OIPAHNWCHHLC MOPO-
cTpascTecHERM 3apsnom (TOII3). Kpose Toro ycrasos-

sﬂ“i*-a_c g

) J}l’!il_..iﬁ

Fuc 2 TeupepaTypeas MBscEMocTs IHBFCHES
DEpPEX0INONe HANpEwesRs 1/V; ;=£(1/T).



2IEKTPOPHIMILCKHE CROACTRA MOHOKPHCTALIOR MaGalnS4 iy

v~ E-E

.z ~8Xp kT

Ducprus aXTHEAIGIH, PACCYNTANNAY 00 TAHICHCY Y-
:-mnrmmﬁ‘,;-fﬂfﬂ
(puc. 2), pasma 0,80 3B.

CHT OT TOMIKCPATYPSI, TO B ITHX KPHCTAIIAY HMOCT Me-
cTo caaas KOMDCHCAIDNN, & cCIN V,_; JABHCHT OT TeMne-
PETYPhI, TO EMSCT MECTO CGLUILHAS KOMICHCAIDIE. ARLTD
ZAHHMX DOKIIMBACT, Y70 HANDIECHNC NCPCIOMA OT
osreccxofl nposogmocTa x pexaaay TOI3 u mascsmsm
HATpEECHEN Depexoaa oT yuactxa TOI3 x sepmmam.

HOMY POCTY TOKS ¢ yMCHMICHNCM TOMIOCPSTYPS! CISETa-
o1t 8 063acTs GommEX BanpomcHsfl, T, B KPHCTLI-
aax MoGalnScEu meeT MecTo CHILAAT KOMIIEHCAITN.

Puc. 4 TouneparTypuas MEscRMOCTS TOKE COOTBETCTEY-
IOULAS DEPEROIY OT OMIFIECKONT THACTEA K KRAIpS-
THIHOMY YHACTEY.

Ha puc.3 noxajana TOMIKPETYPHRS JABECHMOCTS TO-
KA (PH PaLIHYHLI IHAYCHRAX BHCUNCTO HANPOECHHL
Brupso, 970 HAKI0H KPHEMX ¢ POCTOM BNCUNNCTO HAIPS-
e YMSHLMacTCE B HETepsane 0,70-0,50 3B, 0,7749,76
3B xux paymrman ysacTxos. [lps sacoxsn Banpewcsm-
X (400+430 B) ssmmmamotes Soace rayGoxme yposEm ¢
JBepIHaIME axTHRaH 0,80+1 .60 1B.

H> reopum (4] ycrasonsemwo, wTo Ha soex ysacTEax,
OpeUnECTSYIOIHE Npobow, Toxk Joxed Hums Opoaop-
MHOHATCH KOHICHTPAIDMH TCPMEWCCEKH BodGyRmsom
mapox. To, T10 T0 AcACTSMTEMLEO MLNOAHSCTCE Ha
OUMITE, BHIHO H3 PHC. 4, [IC NPHBCACHL TOMICPATYPHLC
JABHCHMOCTH TOKS NPH PELIHTHAY NOCTOSHMMX HANps-
xcmo. Huaiss Opsuas cOOTBETCTBYET OMMwecKOMy
YSACTKy Ha puc. |, a sTOpas OpsMas - KBASpaTHSOMY
yiacTxy. Cacaryiomas npsuas cooTsercrsyer ofamcre
GBI noacll

3uascnie YBCPIHE AXTHBAIDNE, HafllrEsOoe DO HAKIO-
HY ITHX npmusix, pasao 0,80 2B.

(1] 3J Hecgee Omixa MAMNTHLMX NOTyTIPOBOIHEN-
xon. 1979, M., 432

(7] C Bawisoni L. Gamaldi G Maniogno., ei.al. Solid
State Commun., 1994, 61, Mo |, p.43-46.

3] HH Hugmues AI. Pyomaswcs OF5 Tames K08 B mosccTpExos”. Kmnmmses, “Lifrssoos”,
OTII, 1993, 1.27, Na 3, ¢ 386-390. 1982, c.83-87.
O.B. Tagzyer, T.S. Hapmowa

MaGalsSeFns MONOKRISTALLARININ ELECTROFIZIK] XASSOLORI

Volt-amper marakierstias vo corvyamm lemperaiur asibbd metodlannm kmey: e lokal seviyyeiern ssas parametriori (ak-
tviegme enerjimi £-0,6+1 6cV, comsentrasiya N=1022+10% and) w'ym odiimgdr Mieyyea olmmugdur ki, corevankecmenin me-

waagmi feza yikien de carevashara



Qb TAIHER TIU [AUHMOS
O.B. Tagiev, T-Sh. Gashimovs
ELECTROPHYSICAL PROPERTIES OF MaGalsScEs SINGLE CRYSTALS

Main parameters (activation eaergy E=0,6+1.6 ¢V, concentration Ni=105+10% cmr?) of localized levels have been determined
by the voll-ampere characterstc method and carrent lemperature dependence 1 & sstablisbed that mechansm of the curres!
pessage s due 1o current Emuted by the space chargs((CLSC).

Jama nocmynsenun” 06 06 95 Pedaxmop: [] LIl Abdwsoa
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ONTHYECKHE CBOHCTBA a-GeSi:H

M. BAKHPOB, M.A. MAMEJIOB
Cexmop Paouayuowmnsix Hecaedosamudi AH Asepbaiioncana
370143, 2. Baxy, np. I [[»casuda, 3la

m_m-mmn&ﬁ:ﬂﬂ“mm_mnwﬂﬂ_

SpemEEEoll WHL YBCIWGESCTCL, & IO IRpEMEFEHTHAY

YMCHLIRETTE. Y CTREORICHD, 11U ¢ POCTUM COACPEESt Kpesena

LesTpos
ORGSR SIpancEEoll o yscnrameros o7 1,15 38 20 1 86 o8, o nowcreeT sfipeTs armoeanse cocTEs S05 IONOTURICHNN COn-

B nocasxmme rogs EETEPEC K MOPGHLM NOTyIPOBGINN-
E3M EOTODME BCOGOIRTYIOTCE 108 NWOTORICHRS COTMCTRAN
asewesTon, sonpoc. DM ) SCPCICKTHEHMX MITCPELIOS
Axx 370l BEIN SRISCTCE AMOPEAS IICHES TRCRA0ID PacTeo-
pa repscaERf-xpesiERl [ porcnrEposIERmNe  aMopdEe
TRCpIME pacTROps repacasiii-spesurd ( 2-GeSiH) ofaas-
0T SACORDE CPOBOITHWOCTRD H EO{EIISCHTOM DOrI0me-
Ems 5 sxEmoll O6IACTE CHCETPA, 4 TAKES, N0 CPABECHENO C
IpYTHME IMODPELME BOTYIPOBOINNEIMH, SREIWOTCE Top-
MOTHEAMMMECKH TR0 TLELMN B PATHAITHONHO CTOMMME

B mwreparype maccrcs paa pafor [1-4], mocesmesmx
Eccaesomasmsy onmeckEx csoficts o-GeSiH Ompeann,
AINENNC BOJOPOIA B COCTARD CILIARA HA ONTHSMCCKYN) UINpE-
HY SEnpemensoll 308 KTy HCH0 BE0CTATONED.

Len sacrosmed paforu mxmoesmcs 8 BCCICIOBIEER
onTerecx ceoficTs mwesmox o-GeSitH Ocmossoe smmaas-
mme G0 ofpameso m ooy cESR: EBdopuams of omrwrse-
CEOff INPEES ANpPCmEHEOH J0HM N AIRIHNC COCTasa B3 E.

/23y5
o

°p

(ohy) " 384 aute

o JLIY!
'tfﬂf,l‘r
11714

111y

11711
I a2

LO 15
hy, 38

Puc. |. Kpaft comrsecsoro norsomesse a-Gey sSig; -H
Xe o % 1-1.5; 2-5, 39, 414, 523

&

05

Taem o-GeSi'H Guime BTyl PacTisenmes repaa-
HRCSC-EpeMERCsofl MEmenn 8 aTaochepe rosoll CuwecH 3p-
rosa B saaopos CocTas MACEEE BAPLEPOBANCT DyTEM K
WMCHCHES [LI0MATH EDMNOHCHTOS, 3 EONIESTPEINT BOI0OPOIA
- EIMeRCHReN COCTAEG ranosofl cuecn B xawecTse moutsos-
KH RCOOILI0SAICH meackwd aapa. [lps pacmdscsnn nos-
somxa Guim marpera 30 200 °C, 5 CropocTs ocamacmms we-
mumcs or 15 30 20 Toupoe mOTySCHEMX LICHOK
cocranysm -3 woow [lps EvysceMs nmesmmes sozopom =
Epall OOTHMCCEOID DOf I0UKCEEY B MEDHHY MODCIERSOR 30—
i I3CHEN MMCIN DOCTOSMME cocTas -Ge,sSiy;, 3 ape my-
SCHEN BINNEEY COCTaSd - EOMIEHTPEIES BOIDPOSE COCTas-
anma 20 ar %

Ha puc. | noxaasmw xpessse norsomesmy o-GegsSig; Ho
Bapmo, 710 ¢ yeemreERcw COACPRGHNT BOIOPOSE B PaCTO-
Ppe. xpail noOrIomeERs CMCIEASTCS B CTOpony Sosce mucoxod
INCprum $OTONR, B, AXW BOCX NOCICIAOBINEAX OGPEIROS, On-
THHCCEDS NOT IOIICHNC YADBACTSOPETCIMED GENCMBSCTCE CO-
OTHOmCEREM

ahv=B (hv-E;)*,

(2 5 EOd@EIRCHT DPONOPMEONA TLEOCTE, £, -mupam -
opemeEnol 0, o - oddmCHT NOromEHRY b v cp-
rex $oTosa

Ycranossewo, 10 oETERECKRS MNpEER SOpemEs=Ol 0-
HM C YBCINMCHNCW COSCPEANNS BOJOPOSE B PECTROPS CHEE-
z: pacrer zmmcling, 3 MWTeM CTPOMETCE & EACMINCENIO
(pmc.2, xpusas 1). Hoxoms »o moro, » mamscimes conep-
=aERe apom 8 a-GeSi MaErpEEEaI0ch BOCTONENLIM
oxoao 20 %.

M anpemesmoll 0HM ¢ POCTOM COMCPEANEY BOIOPAZA B
awopdmniy naemmax ofycaoaxww scfTpamcammedl  ofop-
maEHLX Caneli 3 EcynopapeEsoll coree. [lomaraercs, <o
ATOMM FCPMBNNS N KPOMENS 3 DPONSCCS EDNICHCANNN H3
DOLICEXY GOPMEDYIOT DPCEMYICCTBCHND SETHPEX KDOPLIN-
ESTHYX0 TETPAAIPIECKYI0 CETXY, BO30GN0 CTpyxTypsofl coT-
£ 3MOPEOIe MCPMANRS B IMOPPNOre pewEns Bascammee
Yras m i casvedl w3 cosaos yTIy cTpyxTypsoll cerem
ACPOPMEDOBANL, IO IAISCTCN HCOPCMCHERY YOIOREEM
amopdmoi CTPYXTYPRL



5 15 5 40 A5
Ty, am X

FPuc ] IassecneccTs DReesd MOy smol 06l o Dofes-
TP [EpEME HETHMX EHTpos 8 o-GogsSig, He
or Ho: 1-E, 2-N,

P mwepesss DOCISAIE, YTO CTPYETypHE2S CoTea
a-GeSi mueeT 2e$OpMEDOSIEELIS VLT, EOTOPMC COMCPEAT
8 ceoew Gmosafimew oxpyscEEN THmn. TpE gTosma  Tpebye-
Ml 133 DOCTPOCHNS TETpaAIpEecRr GamaEero nopLIxa
wTecprall aToM. 3 CHNY CTPYETYpEMX $ayrTyamsl B
amopdmoll dave, OKATMIEACTCE HPOCTPABCTECHNED I MCHNLM
B B OROFECKYI0 CRXh Be acTymaeT. Taxmw ofpasos, =a ae-
popumposammon y1ie oSpaTyIOTCE SedCRTM |, EOTOPME GO
Z0T J0EATLEL YPORME B IR DOJsEamocTE [lps sacae-
HEN BOJOPOIA YBCINHESCTCS CHIR CREWE B CCTES BCICACT-
sme TOro, w10 mcpres casm Ge-H u Si-H npmecpso = 0,5-
0.6 3B Gomume, wow d3scprus canell Ge-Ge, Si-Si n Si-Ge.
AToMN BOJOPOEA, OYVIVMH OINOBLCHTHAME ERCMIEEOT
ofopsaEELE CAOE § MRCCHBSOMPYIOT HX, H IT0 BCEOCEED
EIXNOINT CROC OTPASCHEC § KPaC CUTHSCCEOND DOrIMmeEuns ¥
BCINYRRC [RPHHELM SANDCDEEEOE 08

[MpeanoIAracTCs, ¥T0 3 HCTMIPOICHIGHPOBANNLX MACH-
KX, BCICACTESS MAIOH NPOTEECHEOCTH BOANOSOR $ymumm,
i CINENEOM J0SAINNOSINEOM YPORNC B TN [NUISMOKHO-
CTH HAXOINTCE TOIMAD QIEH YXCXTPOH, H NOITOMY IEHTpP I»-
amcTcs mapesaruETHMM. [Ips ERITNERE  ETOPOTO MaCKTpOEA
(or aToMa BOJOPOIR) BONMMKACT YPOSCHES, EOTOpSl SeweT
see meaw nosseasocTe [losTosmy, ope  sscscEwN sa30poIR
EEPEHS MIDCICHEON 0HM YECINMEESCTCE, 3 EDHICHTPS-
N EEPAMATENTELD OCHTPOS YWMCHMERCTCE, 970 (a0 2oxs-
‘mu-:l,ﬂl-nhw:
ofpasmax Gcz sompom N,~10" o’ a s ofpmmax ¢
20 ar. % samopoma ¥,~8 10" cu”. Hecworps ma mGurox
BGI0pOIR B CTPYETYPHOR CCTEC. OmpelcacEmRs 'mcTs obop-

mamnux canell ocTacTes BexoupcEcEposassol. (o e
AP sccacsosannfl NAOTROCTS TAKEX CRECH CHIERCTCE 20
10"cw”. Osmaxo ® 3woro aocTaTowmo, woSu ma $ome cob-
CTecHmMx yposscll pemerxs Guin mweres MpdoxT mmcape-
EEN OpEMOCH.

Omeolf ® cocmmdersecxax ocofesmocTell Teepaoro pac-
Teopa GeSi mIseTol NMcHCHEC MNPRNM MNpPCIEEROR 0
HM ¢ COCTENOM, ¥TO DOSBOANCT BMOPETE MATCPEAI ¢ OOTH-
wansofi mEpEsof anpemesmofl MMM 1IN ETOTORICHEN
MpPCXTHANLIY COTHEHLTY AIEMEHTON.

Aax a-Ge, Si,H poumrmsoro cocrasa (x~20 ar. %)
EIYCHM CICKTPA OOTHYSCEOND DOTIOMEERY B YCTANORICED,
HT0 ¢ YRCINUCHECM EOMOCHTPANNE KPOMEEN Epall noraome-
ENx Cucmpercs 5 Cropomy Somumedl dmcpram  $otoma
(pec 3), 10 CIESMET YRCINWCHES ISCPISTHECEOIO M00pa
ety sacwTmol jomo# ¥ jom0# oposommeocTn. Oupesese-
HO, YIO C POCTOM COScpmanms xpesams or 0 20 100 % »
a-Ge, Si, H mupmon ero sanpemensofl 3omy mumefino yee-
mrmmaercs or 1,15 3B 20 1,86 3B, wro momso ommcars ma-
pascumen £~1,15+0,71 Cs e Cs mamcanercs 5 mmepsa-
mor0m L

sdr ' 2 3 4 54
N//
&
rli J:a ,.f:f

G ,

L ET:Y

Puc 3 Kpsmuse norscoysses 3 a-Geg58ig; H x,, a1.%:
10, 2-0.1; 3-0.25; 4-0.5; 5-0.6; 60,75, 7-1,0.

MNpeanosaraeTcs, 9T0 ZTOMLM EpCMERS SCTPANBRNOTCE B
yimu scynopsaoscsmoll cerxn o-Ge Jmo opesoaET k cnn-
THO MOGERFECIEY ENpoersni 3 5ol @ yWCHWnewno
A camell B OTIIDECHINO BAICHTHAIX YTA0S, T.£. K Taxoill
arommofl nepecTpoline, moTopas cmocOGCTEYET CEEEEmO
EosTCHTpamER oSOopEaNNLX CRnel B JpyTEx mdextos. o
B (RO OCPCTE. OPEBOINT K YHMCHMICHNN [IOTHOCTH J0K3-
DOOBANHLD COCTONHER 8 MCIH DOIBEKEOCTE, VBCINSCHIN0
ANDCICHMOR MW B YMCHLICHNIO TCMBOBON OPUBOIRMO-
(=, 8

Mosyscsmue pesy ILTaTM DPEXTEAINOT ENTEPES C TOEE
IPCHEY COVANNE COANCHEMY IGCMCHTOE 3 OCHOBC
a-GeSi'H

[l] Saito, K Acki, H Saonmmiya, T. Yamaguchi. Thin Sol.
Films 1984, v.115, p253-262

2] Xoxsos AE Mowun AH Epwos, IOA Moposuna,
HH Maowsn. ©TIL 1986, .20, sam. 7, ¢ 1288-1291

B] /Oxusomo. B xE " AmOpHMC NOTYTPOBOINKN B OpE-

Gopsi ma mx ocmose”™, M. Meraxaypras, 1986, 376 ¢
4] Nayafov, M Ya Bakirov, V.S Mamedov A A. Andreev.
Phys. Stat. Sol (a), 1991, v.123, K67-K70
[5] Afidde, De SC and Swafi Ray. J. Appl. Phys., 1993,
V.79, Na 9, p 46224629



QUTHYECKHE CBOBCTEA o GeSiH

MLY. Bakirov, MLO. Mammadov
a-GeSiH BORK MOHLULUNUN OPTIK XASsoLorl
Emw“hﬂm#nﬁ_dm-—ﬂm =

wnbr Mioyyss ohmmuydur ki mebikds sismmun migdarmm artmas o qadagas obmmuy zooams cni 1,15 ¢V-dan Im‘i’d
#ﬂ.hhht_ﬁ‘-‘hﬂh—mw-ﬁ“ﬂ-ﬁ.

M.Y. Bakirov, M.A. Mamedov
OPTICAL PROPERTIES o-GeSicH
Thih-:d’“ﬂh“amﬁmﬁd“hl—-ﬁir:hhlh
MHMMH“d*i]—_ﬁ-MIiHHﬂ_‘_
of Si fortedden gap increases from 1,15 eVio 1,86 eV what allows 10 choose an optmmm composition for comstroction solsr clements.
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BJUHAHHE H3IMEHEHHA TEMIEPATYPH H JABJIEHHA HA KHHETHKY
NOJHMOP®HLIX o 'y NPEBPAIIEHHHA B MAPAIHXJIOPEEH30JIE

B.H. HACHPOB
Asepbaiicocancruii I'ocyoapemeennviii [Teoazozuvecxudi Ywusepcumem we. H. Tycu
370000, Baxy, ya. ¥3. ladoxcubexosa, 34

MeToaDu oNTHSECEDR MIEPOCKOIBGE HCCIE J0BAND HIMEHCHEC CEOPOCTH POCTS - B EPSCTAINCS 0PN @ Jy OPCSPAImessor B Me-
CHMOCTH OT TEMIEPETY S § BAIcHm ¥ CTEHCANCHD, Y10 TEMICPETYPE PESNORCCHS O B > MOSelemapel ¢ MOSLITRCREeS SEASCFH Yhe-

INFSEacTCl, & CEOPOCTE POCTE JTHX MOSSaE VWrsarmeTol

HasecTso, w10 nps soMEaTEON TOMDEPETYPE H HOPMATS-
HOM SARICHNN Epancuopbemoa xpecTaumoyerce, obpe-
IWE POmETEY MOSOXINMMOM CHMMIOMMM C IIpAMETPAME 13e-
smesTapsol wiiw a=14464 A 55740 A, =3925 A

£=111"77, mpoctpamcreemmas rpynma C,, - P2,[a, =2
(hopary eanee o) [1.2] Mosoxnomas o-woasdenc-
mes mpe 303 K opespammercs 3 tpenmmmyo Saomede-
spno ¢ mpascTpaM #=7,361 A, 5=5963 A —=3959 A
a=91°1¥, f=113"24', p=91°42° , mpocCTpancTeCHEaS IPymma
¢, -FI1, z=1 [3]. Mososmonms c-soTsdeimes ¢ mape-
wmeTpanm: a=8624 A b=T 414 A —=6021 A S=127°5I',
EpocTpascTecEmas rpymma P2, /C, z=2 [4]. Mopgosorms u
CEOPOCTS POCTa EpECTALios o B S-somefercapdll mapazs-
LIOPOCHI0TA TPR o- § f-OPCEpAIECHENX 8 MERCHMOCTR 0T
TEMDEPATYPM B KPETHOCTH Opcspamessll nOJpoSH0 mocac-
Zosaxecs » paborax | 5.7].

B pabore [3] socpssc sccacacsatacs mopdosorus pocTa
- B y-soxedexaeil 0pE o Uy OPCEPAICHEIX B EpATE-
X30pGEHN0IE B ABACHMOCTE OT TEMDEPATYDM ODE SATANHMY
pocTosEERMx Sasacmmex. [loxramo, w10 pocTr o ® -
MOTpEEAIE 3 JABBCHMOCTH 0T TCMDCPETYPS OPH PaIERX
IEaERD EPORCIOINT OyTCM POCTE WPOIMINCH A0-CpEEX
e, B EIMCpeEa CROPOCTS POCT2 G- B r-sondencamel npe
BOPMD Th#OMW AR ICHHE

B mcrosmed paSore mpuscaru peyyIsTaTM MMCpoHN

CEDPOCTH POCT2 @~ N r-wMOIspeEamell opu a ”y mpespe-

MCEREY 5 MEpATNCOOPGCHEION § MERCEMOCTE 0T TeMDEpa-
TYPSl B ENTepsase masewwi ot | Gap 20 730 Gap.
MomospacTain g-wopsdeoammil, norywcmnddl W pac-
TBOpE FCTAEABANBAICE B FiciXy, CICUMATLED CEDECTPYHPO-
BAEEYIO 138 sccaesosanni ope Gonuamex macewmmey Jarew
ecia ¢ KPECTAAI0M DOMCIDUISCE B TCPMOCTET, 970 OB
%30, SEPLNPOSITE QINOSPCMCEEO B TCMOCPETYPY, N ZaASC-
e (3],
Hocaeaosawms OpOBOINIHCE B ENTCPELIC JanscHEs OT |
a0 924 Gap. [z mufiopa ToMOSPRTYPEOID pCEEMa pocTa
EPECTALI0S o- B r-smomsdsnauil npe o- N - Opcspane-
EREX mpexr scero Gsim ompescacEn TOMECpPETYpaE pamso-
BCCHE T, MOEIY ITHME MOINEDIETWE ODE MIIENE Da-
ANYEALY BCNNMEE DOCTOSHEOMO samacsms F (oo Pec 1)

TeuncpaTypa PABNOBCCHI MCETy G- H y-MOIAPHEAIGLIME B

X

200 ul-_lni--‘-ﬁ"ﬂ

Puc | JsssscsneccTs TEMIEpRTYPS passceecss Ty OT SEase-
N B EPASOCIOPGCINOSE PR ¢ )y OPCSPaISHRTL.

EpATCCIOpOCEN0E: P DUBMIDCENN IAANCHEY CYIECTECE-
HO CMCIDACTCE B CTOPONY YBCINSCHES, T.¢. oCan opm 2~1 Gap
T~273 K, 10 npu P=920 Gap T~295 K Tasmu ofpasos,
MENCHMOCTS TCMICPETYPS PARHOSCCES T; MCEXy o~ B -
MOINPEEATRIMN OT JRANMCHNE F BC DPOTHEBODCHNT ypansc-
a0 Kaipcpom-Kaymyc, 1¢ socwr aEmcimul xapax-
Tep. Kax noscano =a pec. |, srooss ¢ P~730 Gap, sood-
emcET aEmcfinocT (YT02 HREaoER Dpmwoll) EnMCESCTCL
Jo P=TH Gap sasscmmocTs To=f (P) onpessaseTcs ypas-
mcmmen T~273+1810° P, a ¢ 7 > 730 Gap msmcmeocTs
onpcacascTcs ypasmcmmew T.~186 3+0,006 P. Hosesewme
maraces opauoll CRRASTEMCTEYET O TOM, YTO opm P > T30
Gap » METPEEOM KPECTALNC DOTCHIMAILEOC MECTD 3EpO-
Duma sosoll e TacKe wesseTCE

Cxopocre poca @ ® p-wondexall ope o~ B -
OPCSPAINCHNLY KIMCPLINCE OPH KIMCHCHEN TCMOCPETYPM
OpR ASANEOM DOCTOSHNOM Sasacsmx (or | a0 524 Gap).
MeTODnG KIMCPCHES CEOPOCTH POCT3 BE OTANAZECE OT
MCTOMRKE, uacsERolR » [9].

DECHEDEMONTI DO TIRISOT, YTO HPH BODMS TLE0M II8-
scuum P=] Gap ¢ ysemrwmmew AT, (rag AT =T -T;, T -

IEacEEs AT ON3 YRCINFINSASTCE, 3 DOCae Froll Temmepary-
P GPOBCIOANT YWMCHMECHEC CEODOCTE POCTR, T.C. EpEEas
MERCHMOCTE EMceT Mascumyw. Cxopocts pocTa apmc-

TAAM OPE @ J ) EPCSPAIRCHES OPH BOPMATMNOM SEANCHEN



BIHAHHE HYMEHEHAA TEMUEPATY Pl H IARIEHESA HA KHEETHKY ...

EPENNMICT MARCHMATLHOC JEFCHEC Opu | AT =35 K [8]
MasCEMATAEOC THIUCHEC CEOPOCTH POCTE ¢ DOSMINCHMCM
DOIABAMCMOD IAAMCHES CMCIRACTCE B CTOPONy ueHRmed se-
mroond | AT | T2 SCIN ODH NOPMATMEOM SaascENE F=|
Gap MaECHMD TLEOC IMECHEC CEOPOCTE POCTA COOTBETCTSYET
| AT 3.5 K. 10 opu =730 Gap sazcEmys CEOPOCTN COOT-
sercreyer | AT =11 K (cu Pec 2)

Pue 2 Cropocrs pocTs o H r-MOSSISENsSE 3 MRpaSOCIOp-
Gemnone T g ¥ P—+a OPCEpAmPSGoNG B $yHopm
TEMDCPETYPh (8 PEETFER SRR

baiwo oSsmapymeso, 9T0 CEOPOCTS POCTE EPSCTALER M0~
IB{ECIINE ODE ) OPCBPAINCHNE (IPH DOCTONNELX ToM-
BEpETYPE N IABICHEE) MEESCHT 0T EPSTHOCTH Dpespamessdl
£, NPEEM CEDPOCTS POCTE EPECTANNS FMOINPNEMDN B
BCECTHMN DpespamEERTY SOIMDE, 90M B SCTHMX, TL

VIV, VS SV wea
372 WEONOMCPEOCTS, BCPOSTHO, CRAAEA C TEM,YTO PN Dep-
BOM INEI OpCEpamEEWil g -y, EDECTALT r-MODNHEKE-
HNN BHYTPN O -SPECTALI (O-EPECTRIN DOJYWCH KXY pac-
Teopa) pacter Guctpo. B pesymmare y,—»a; npespamend

COBSDINSBCTEA y~SPECTALE YBCINYMBAMCTCY, T.C MELWCH-
Euili poct xax Gu sasewmsaer sedexru My Goses cosep-

ICHEOID 7-EPECTALE GpH 7,—+d; OPCOPAICHNN DOJYCH-
Eufi ar-spactann  Oyaer Gosee comcpimcionuw, M ar-
spucraza [lo sroff opseoame CxopocTs pocTa EpECTAIZS-P
opm a7, GyzeT Gomume, oM B IPCTLTYIEN K B TL

W'y

Fue 3 3sswcsssocTs CEOpOCTH POCTE F-sOSSjecupe: I
@+ MPCEpECETSo B (RPADOCIOPCHN0NE § §yREIm

Ho pec. 2 ssme0, w70 CROPOCTS POCTE EPECTAAES M0~
ZDedENsuEN DM Q47 DPCEPAICHEE B CEOPOCTS POCTA KpE-
CTA1M C-MOIM(EIAINE OPH F—+J DPCEPANCSNE 8 DEpaTs-
LIOPOCEIOAE ¢ YECINMCHNCW aIcHES YMCHMENOTCL Kpe-
Ead MEECHMOCTE DOCTE EDECTALE FMOITREEADME Ops
a—y TPCEPAICEEN 0T SAASCHES DOKISIES 3 puc 3.

lNp= osmaxcscl scormme |AT| cEOPOCTS pocTa G-EpE-
CTAII OpE »J OPCEPRAICHSES C YRCINSCHECM SAERICERT
FMCHMIENTCE, T.C.

V(418 Gap) > V(508 Gap) > V (600 Gap) > V (730 Gap).
MazCiuansce IEECHIC CEOPOCTH FEPECTALEE OPR a5
OPCSpRINSHEN IPH VIO TCHEN TIMICHNYE YMCHAISSTCY

Vw418 68D) > Ve (508 68D)> Vo 6500 68D)>Vine 730 Gap).

Herepecso raxse oreeTaTs, w10 mpu SomuaEmEn mascER-
O SETPYARasocs ofpanomaENe WPOIMING FEPECTALIE DpE
OPCSPAlCHEER G—+7 ¥ C-EPECTALIA OpE F—>a OpCspame-
e [looToMy (E@IE ODH HODMAIMEOM TIRICHNN HEArpe-
BTN ((OUTIECIATH) MATPE-HEME MOBONDECTALI 30 Eym=ol
TEMDEPETYPA ¥ NOCH DOMMCERY Spotum: sosoll e
DOSABATH ECISCWOC TARICHEE

(1] B.O. Soksena ) .Chem Phys.,1950,vol 18, M 12, 1652
121 S Crowtio, M Bemi. Acta. Cryst. 1952, 5, Ma 10, 825.
3] J Hausty, J. Cleastre. Acta. Cryst. 1957, Ma 10, 695.
] P Coppens, GAMLJ. Schinidt Acta Cryst, 1965,
Ne 18, 654.
[51 AH KumaSizopoocxu, JO.B. Mwox, JO.T. Acados.
AAH CCCP, 7. 148, 5, 1963.
[6] JOT. Acodos s dp Kpactazsorpadues 1 9, sum 6, 1963

[7l1 AH KemaSeopodcxwd, JOB. Awmox, FO.I. Acados
Wlwmtlh

[8] Snvark P. Figuiere, A Fuchs M Ghelfenstein,
V. Nassirov.]. Chimiie physikne de France 37,12, 1979.

[9] JOJ. Acados. BH Hocupos Kpucrassorpafms, 1.17,
mm 5, 991, 1970

V1 Nasirow

PARADIXLORBENZOLDA GEDON POLIMORF &'y CEVRIILMOLARIN KINETIKASINA TEMPERATUR
Vo TOZYIQ DoYIsMBLARININ Tosiri

Optiks mikroskoprys metodu de g ve 7 krstaliarda bey verea o 77 ¢evrimeler zamam cularm bdytme sér stmm tempera-
tar ve tarymden aub chrig deymmesi teigqy cdimigd. Mieyyen chmmmydur ki lezyig aridiga o ve 7 modifiasivalnr

tararhq temperaturn biyiyir, biylme sir oti 5o kigilir.



BH HAMHPOB
V.L Nasirov

THE INFLUENCE OF TEMPERATURE AND PRESSURE VARIATION ON THE KINETICS OF POLYMORPHIC
TRANSITIONS o'y IN PARADICHLOROBENZENE

The velocty vanstion of e o mad o u poystal gowth = the rasformations g 7 @ the dependence oo lemperature and pressure
= mvesagated [f 15 establushed that the equbbnum iemperature of o md roodfications moreases with the morease of the pressure, bt
thexr weiocaty of the growth decresses.

Joma noceymaesms - 03,12 96 FPedoxmop: EI. Tazses



HIIO "Cenen" Hucrmumyma $uzuxu AH Asepbaiiomcana
370143, 2. Baxy, ya. . A2aeea, 14

B rpecrazaex Bi; Ty # B TorBunSes, Srupossssniy Beacion, BCCICA0BENE TOMONPOBCIHOCTE, TEPMONAE, MICKTPONPOBGINOCTS B
OPCSHOCTS B CESTEC ¥ CTRHCRICHO, Y70 B PCTyALTETE Bor NPOBAHNS STOMA ESIcwW BECIDEIOTCN MCRTy IOCKOCTEME CISSOCTE, YOus-
B GO (BT MR Ty CEEHTETAME, YIPOTGHN TEPMOSIerTPMSecH OIS § CONpas OUTHMATLNYID COMIEETRSIDNC BocHTeeR

TOKS H BACOKYIO TOPMOMICKTPHHECEYD A00pOTHOCTS

Comass THDS TCATYPHIA SECMYTA OpeacTasamor cobolt
CIONCTME KDWCTALIM ¢ powmGoupwweckodl  cmascTpmel
(DpocTpaECTRCHEAY IPYINS CHMMETPEE Rim ), COCTOSHNS
S SCPeIyIONpNCS ANUS TPEroEAmECE OCH CI0CS KRENTS-
108 zromos (Te'-Bi-Te'-Bi-Te') Xmewrsccxas cass » mpe-
ACZEX EBENTCTOS CHIMERS HONNO-SOSLICHTHRS, MERIY
KBEETCTIMM- CIaat BAH-2CP-S3ATRCOBCKAL 4TO ¥ OOpEl-
INCT BOIMOEHOCTS ISYMCPEOH CyICpROERCHE TPOSQINMOCTH
mexoropsix npmsccedl (Cu, Ag. As, Li) n apyrux scrsomed-
$vempyeuux opawecel 3 rpecTatmex B, Te, ananm maoc-
socrell coafisocTe.

seran ¥ T 1) [IpeacTanamoT ENTEPEC SANNLC [0 MCXANIY-
MEM BEcIpeEEs Tomos wcxH 8 Bi;Te, Atosmas weam mpes-
crasamor cofofl 2eTx0 MPPYRTPYIOMYIO IDEMECE ¢ Ma-
M FTOMERN paTEyCoM B Depsill MOMCHT ITOMM OpsMc-
N ENEMIS0T MOECIOCEME OPOMCEYTEN, 2 WTcw Tefdys-
AHDYIOT DEPOCHINKY ISDED CH0M PACHOISIASCL MERTY AT0-
waum Te'-Bi m Te'-Bi. Taxnu oSpenos, mposcxomer yomse-
S BONBO-EOBANCHTHLX CREycdl 8 CTPYETYPC R, KK CICXT-
BEC, VRCINSNBSCTCE TBCRADCTS, @ DOCAC HACMINCHRS MCIMO
sosospeEcTaLi Bi;Te, yrpesasot caolicCTeO CAORCTOCTR.
B macrosmed palote mpEsoasTCa polyasTane mcCaca0-
BANNY AINNNHS ODEMOCH Erdew O0MASNOmEre MATMM
FTOMELN PAINyCOM, B2 CaoficTEa TRepaoro pacTeopa Bi,Te,
(96 wom %) - BisSe; (4 wom %) Mosozpucrazmi sups-
MABLINCE MCTOIOM Dpmoawcia ® scpTaxamsofl manpas-
scEmofl xpuCTaLTrEuecl ) EOMDONCHT CO CTEXMOMETPErE-
cxmn cooTEOmeENeM B apuwecio Fe [lps srom scoomso-
sapsr OCY & scac0 mpbominsce Hoxopma: sounoscs-
Th BAXYYMEDOSATHCE B EEGDUCEMY IMITYIAX OPE OCTATON-
mou samacsmm 107 su pr. cr. Camres nposoamacs mps Tes-
peparype T00°C » rescnne 0.5 saca [Mocse oxsoaarsms no-

CANTEN E3pCHLINCE M3 O0panmd sacoToll 15 o A woee-
PCHES TEPMONSEETPESCCENY CAPEMETPOS 3 BEY Mapazsese-
ouneaos passcpams 3x3x15 ww 1 Ewwepesmw G-
XX [EPEMCTPOS § EANPARICHEN, DCPOCHINKY TEPS0M [L0C-
EOCTEM CHRfiSOCTE EPRECTALION.
Tefimem
TepamasxTperecaee 3ofiCTSa TRCPAND PacTRODS
(BiaTerBisSe; . sormpossssacin Xemewon

E I
Tpapome oy | Tomogo- | ssope
LTS Togaany, | mxm, omEcn, | e
ek | ol0*BK | o0 =i xfpor-
Covlu Bohakl HOCTh
s x
oo +120 Lol 160 P L]
ool +130 B0 16,7 25
0m -216 4G 164 21
0ms -218 750 163 22
0,04 -3 B0 153 19
005 -245 T 14,1 31
0,06 -260 500 138 5
008 250 00 132 24
009 -250 180 130 09
0l 253 150 128 08

™Re B TepuonacxTpareckas wbpoteocts Z (Bi;Te, (96 wom
%) - BipxSe; (4 wom %)) 3 MERCEMOCTE 0T DPONCHTEOM CO-
scpaasms scacxa Obpamaer ma cofis smnmcasse commaze-
HEC MAECHMYMOS Gop- B 2, ops 0,05 sec % Fe, mpareeu o
VRCINTHESCTCE DOYTH 8 2,5 pana. X3 oTpanmTeaaEcl seTEE
n - Bi;Tey. Se,<Fe> (05x<3) 0 = 5.2 mohar - owem s-
coxuil nosaaTE S NPOo==OCTE. (INOSPCMCNNO, KX BEINO I
“I:F_L!l.arw#ihm
mobporsocrs 2,-3,1-10° K', w10 cormacyercs ¢ s,
sccTEMME 3 mxreparype [1]

Jas camoro i Taxex ofpanuos Geim mepesa Teme-
paTYpERS MERCHMOCTS O, 0,2 8 I 3 EHTCDSAN TEMICDATYP
100400 K Kax sEIs0, SMCOKES TepMOMIEKTPESECEaS 306
porsocrs mafimomaercs » pafiose Tewmeparyp 150-320 K
Yryuncsmae woamEeseckne CaofiCTES SINNOMO CILIAER MO~
IMOIWOT WCHNTRIOKITE S0 B FOTPOSCTREY, NCHLTIEANOT
TOMETCILELE ViapEUS MEOpANEOSELS H TOPMOMEETE-
CENC EATPYIEE.



FPuc.|. IasncmeccTs tpeasas npo-mocTs B cxxree (1) u rep-

MRl SfebexTREROCTH (1) OT [POLENTEND
CONCPINED ECNCNL

Bscaemme npmeccs meaea or 0,01 20 0,35 sec % npumo-
INT X VRCINECHNN EOHICHTPEONE MICKTPOHOS BT 30
NEBCDCHE THER nposoamsocTs obpasmos p-BiTe, Se, m
0-THIL 470 CRXQED ¢ DOINLM DOJAAICHECM ANTECTPYETYD-
EMx acpexTos Bir,, IOTOPMC IAIMOTCS OCHOBHMME MOCTAS-
monauE saxancwil 5 saserTeof tome [lo-smumsowny, 30 on-
P ICHMLY EOHIEHTPADEE ITOMM AC3CH &E BCRTpLD-
ELe 2edesThl HAXOIETCE B TREQIOM PECTBOPE MAMSUPHEY B
FiIX DOIPENSTEN TEATYPR, OPCHATCTIVE OOpEIOSANIG 36~
TRCTpYETYpERx sedextos Bir, Janschmes ysemrwmme
mpecc ¢ 0,035 sec % azac npesoanT x caabowy axucn-
TOpEOMY BOLCHCTEMO, B0 ofparmofl MMRCPCHE IMAK: THI
EPOSQINMOCTE ¢ 0 Ha p me malimomserca Ysemrscume xon-
ICHTDAUNE SPEMCCH COLISCT BONMOKEOCTS EANCEICHEY
ITOMOS ZECICI B BEAKANCHYY BECMYT2 B Meaowyimesx Hew-
scpmemnocTs G-ofoacms Fe npusomst x 3o mrsammes
ACETPOHOS K2 ITHX NPEMCCHLY DCHTPEL, “OM B ouscHeeT-
@ o axmerTopeEoe aammoee. Halmomsewoe sexamwseczoe
yopoumcERe OOPEMIOS ¢ YECINSCHECM KOSIEHTPRIEN BEiC-
3 30 0,05 % carsamo ¢ yucHMECHNCM 3E$CETOS FEREDSER B
FOLICHNCM SHYTPRCIOCBND B MCECIOCSOID EamMOacicT-
amx Janozecsme saxancad Bi » yyumax xpecTasmrseczod pe-
mersn Fe opemoper © yoRscEm0 ssamuoacficTsan ¢ cocel-
HNMH YLIEME 38 CHET JOKATNNAING JICKTPONOS K3 OPMMEc-
ELIX DERTPEX.

Mamue parecpus aTomos Fe mo Cpasscsmo ¢ pasMcpaus
FMEIEICMLX ITOMOS BE TRISCTCR DOMEXOH 5 YCTANORICHNE
AN ¢ ONPYECHRCM § BC ODEBOIST K ECYCTONMEBOCTE HX
DOJOMCHHRE, O “OM CBIETEIRTEYET CTA0RIMS0CTS JICKTPO-
ferureczux CaofiCTs B OTCYTCTEEC CTPASMISONNMI HPO-
OSCCOS B3 UINTCIMEOM ENTcpsase spowcsn Carn ¢ Gosce
ZAKEME ITOMAMN OKPyACHEN DOSMIIACT YCTORMMBOCTS
STOMS MAIOTD PEIMCPE B DOHIGHH SIMCIEERL

Axpenropsoe acficrsse npmscca Fe caanme 0,035 mec®
BC EIMCHSCT JSCETpONNME THOD OPOBOINMOCTH OOPEMIDE,

Puc 2 TencpaTypstic SEmcoeocTs TemonposcasocTs (1),
MTPOPOROIOCTH (2], Tepaonar (1) ¥ Tepaonaes-
TRl alpoTencTs (4) TREpIoro pacTeops

Bi;TeySe,<Fe>

HT0 CBEICTEIMCTEVET O Dpeofiaisn munr=cTsa JojexTon
Feyun max Fen, Jedexru Foroy seiitpamans, 2 Tax xax no-
mn Fep, momnosasu & 3osameyyior ma cofe MacxTpomd,

TO BCPOSTEH CIANr MIOTHOCTH JACKTPONOS B CTOPONY CREIN

Te”'-Bi, (Te”'Few). Coorsercrayionush casar yaexTposmod
MIOTROCTH B MANOC soaEecTeO Fe, pacnoscscmndx 5 wox-
CIOCHOM OPOCTPARCTRE, COOCOOCTEYIOT DOHKECHIOO WCE-
CEOCROD MMCpreTIecEoro Gapscps ¥ yoEICEHEND MCECIOC-

MRy CROSME.

Becaenme Fe caume 0,005 2ec% oo 0.1 sec % npusamsr
I DOCTCICHMOMY CHEACHEN &MOCINNSCCEDE  OpPOSHOCTH
BILIOTE 230 IEEveERl, MCHRIINK SoM Y BCICTHMpOSAEER 0f-
PEIIDE, APAXTCD MIMCECERY MCKTPOOPOBOISOCTE CMEHEST-
o == nmeedl, 3 WOPGEIEHT TCPMONE CYIECTICHND Be
ucascrca Tasoe moscacsme caciicrs ofpmuos caxamo ©
pacnoscacesmew Iuroumy aromos Fe » ocaoanou » sas-
ApP-SaAMCOBMN DPOMCEYTEIX, [ OHE B EOEENOBasd B
MCACI0CH0M DPOCTPAECTEC ATNAHNC EPECTLLINWCCEOM Do-
23 oposaawcTcy cxafiee 9w B CI0MX, CRNS STOMOS OPEMCCH
© OEPYRMOUDIME CIOEME OOPCICISCTCE VEPYTHMM CHLIAME
2 JWCprEs Camm 8 JTOM Cayme GyacT scscmoa. Becapesme
OPHMECH YRCINHESCT MCRCIOCBOC PACCTOEREC. JTD BEXT K
VRCINSCHINO MCECI0CSOMT GEpscpa N CHMMEOMY YMCHLEC-
HMI) BCPOSTEOCTE DEPCXPATHS BOJBOBMY @i, T10 3
HTOIT OPWBOTAT £ FMCHRMDCHEN MCECIOCBOMT BSamMoReficT-
Bl F DAICHNN MICHET MCYANNSCCEOR HPOSNOCTE Hoar
IEICENS BCICTHPOSANELX 0Opatuon.

Bamox B cacreme Bi;Te, Se.<Fe> npu Fe=0,05 sec %
3 CHCT FOHICHNY BNYTPECIOCMAY B MERCIOCELY EEEMO-
ZcficTemll MOGENCCEAS NPOSSOCTS yRemwwema 8 15 pam
00 CPABNCHINO ¢ BCICTNDOBAMNMME CHCTCMAME, OPE COXpR-
HCERE 206pOTHOCTH K BMCOEDM FPOB-
= 2.=3,1-10” rpax’.

(1] BM Famgues BA Kyouscs, HA Cuupnos.
MNosymposcsmroese Mare-
peansl ma ocsome Bi2Te3 ML, 1972, ¢.320.

[2] RO Carison. ] Phys Chem Sol 1959, v.13, M 112,
p65-70.

Bl CH Yscescxas, JLE [llesmosa.
e mavepsmad, 1995, 731, NS, ¢ 1184-1197.



YUPOSHEHHMA TEFPMOMERTPINECKHE CILIAB BA OCHOBE CHCTEMM BeTe, Se-Fe
F.K. Dlskarov

BiTe.Se<Fe> BORK MOHLUL 9SASINDA DAVAMLI
TERMOELEKTRIK MA’

lhﬁﬁi*mhﬂ-&hﬁﬁuﬁﬁﬁbmﬂnﬂh—lq—l

F.K Aleskerov
HEAT-TREATED THERMOELECTRIC ALLOY BASED ON Bi;Te, Se,<Fe> SYSTEM
This paper deals with the thermosiectnc properties as well &5 with strength over compression of sobid solution Bi;Te; 96 mol % -
BiTe; 4 mol % doped by ferrous As result of remforcement of imteriayer and mieriammer mteractions the mochamical strength is
mreascd 1.5 tames = los case thermoelectric durabality of alfloy of afloy is held af high level

Jlama nocymsenms: 23.10.96 FPedaxmop: TF. Meomaes
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OBPA3OBAHHE CBEPXPEUIETOK IPH ®A30BLIX [IPEBPAIIIEHHAX B TIGaSe;

P.M. CYJITAHOB, @.H. AJIHEB, P.B5. IA®H3IAJE, 2.1l ATEKIIEPOB
Hucmumym Quzuxu Axadesun Hayx Asepbaiidxcana,
370143, 2. Baxy, np. I [[»casuda, 33

AH. HCMAHWIOB, M.®. AJIHEBA,
Asepbaicacancxudl [ocyoapemeennsiii [Tedazozuvecxuti Ynusepcumem ww. H. Tycu,
370000, Baxy, ya. ¥3. l'adcubexoea 34

B cxcreme A®-B"-C," ofpawercs pma cocomcmsit
TlaS;, TiinSe,, TiiaTe,, TIGaS,, TiGaSe,, TiGaTe; [1].
Huweercs Gomumoe mawsccTso pafor, mocRmmemmix
PRLTMNMN CBOSCTEAM TPORHRX CocIEECHER yoaasEEo#
Py, 53 EOTOpR patpaboramu »pdexmmmme ooy
CTENTCRELE DOIFIPOBOIHHEOSLN MATCPNATM, HEANCIImE:
ODMMCHCHEC 8 EXECTSEC YYBCTEHTCIMMAY LICMCHTOS $OTO-
JRATON0S, OPHCMENEDS ONTHSSCEOID MOLTYSMCHNE, TCHOOIAT-
mxos B Ta Hh muaseyorssssx cactes  scoassosass
FREMOCHCTENS EDMIOECHTOS, CTPYETYpM Gmoxmero mo-
puna ofpayyouuocs $a3, MPOESCE KPECTALIEAINN & TON-
mex macsxax THn-Se [2-4). B [5] coofomercs o camrexe ®
EOVCHER CTPYETYps cocgamcema 11GaSe, mmamomerocs
mnGosce mnTepecHn 13 BN CTpyxType aro Gaim onpexe-
3°E] PCHTTCHOTPAfECCXE ¥ DOKIEEO, IO OHS EOCTPYE-
Typea ¢ TiSe, = oSpasyer oracmnddl cTpyxTypssddl Tam mpo-
cTpascTeeHBOR rpymms [4/'mcm. [Tapasmerpu TeTparusnn.-
moll pemerxn TiGaSe; azosas o~8,053, c=6,417 E, wmcm0
wO3exy1 B JacucETapEoll saclise =4, [=416.2 E’]. Npuse-
Arwmuc 8 nocaeyomed pabore [6], onyGamsosanso@l npax-
THHECER QumospescERD ¢ (5], poyymTame me cormacyoTca
apyt ¢ apyros. Cormacso [6] TIGaSe; ofimasmseT wosorms-
HOR CoromEcll ¢ DEpaAMCTPAME KPECTALINSCCKDE poImcTENM
a=10,772; b=10,771; c=15,636 E, §=100,6°. ®ama ¢ Terpa-
rosansEoil pemeTEoll pooCur me apecEposama 3o of-
CTOSTEILCTEO 3BT INCKVCCHOHELM BOMPOC O BONMOSICHLIY
ORI YETAHHOND COCTHRCHEL

B mpexmracwodl palote EvyecHM BOTMORNOCTE CYmECT-
sosasmy 7ok W msof dens TIGaSe; » msecEMOCTE OT yo-
30smil DOTYSCHNE MICHOK B PACCMOTPCHE BONMOREOCTS -
J0ELX DEPCXOI0S M3 GIE0H MOIBIIQIER 3 IPYTYIO, A Tax-
= ofpaosamNs CRCPACTPYETYP, COpaMEpHEMY ¢ Toll L ©
ApyToR genoll B Bt OfEApYECHEMX 30 CHX DOP B MACCHEHLX
20 udn

Ha ocEOsaENN DpOBCICHNAIX EAME BCCICIOBammdl yoTa-
BORICHM CICIVOUDRC OCOOCHBOCTH OPMEPOSANEE WICHOX
cocrasa TiGaSe; macsxn TiGaSe; rosmpmsodt ~300 E, mpe-
EEDEDORANMLE BCTODCHECM CHNTCIHPOSANNOID BEURCTES H3
spectazas NaCl, KCl » ma seasysoss, saxossmmecs ops
EOMEATHOR TEMIEDATYPE, DOJYSMANOTCS 3 amopdEou COCTOR-
mm Ha xsexTposorpasuc (pec. 1) mfmomerca 1pu oed-
drvE EOLIRIE. COOTRCTCTEYIOmNS IEAECHEI

S=4xsint/i=2,102; 3445, 4473 ' Xpancsme asopd-
HLX ICHOE B TCHCHRC 4-X MOCHRCS, ODH EOMEITHOR ToMme-
PATYPC BC ODEBOINT X EMOTDOEIBOIMACH KDRCTAITR GG
Asopgeas ¢arm B3 DOBCPXROCTE VEXMENLYX DOASCECE OO~
paIyeTC: BOAOTE A0 TOMDCPETYPM mogmomex T.~140°C.
KpscTasmrames OTIC3CHERN OT DOAIONER EMOPHSLI mae-
HOX B IDJOHNS WCKOposorpade ope Toumeparype 160°C »
CROpOCTH Earpesa 20 rpay/cex npesoaHT & ofpasosamnc oo-
ampecraimrecore T1GaSe; ¢ meccraol  wosorREmol
pemereodl

Puc. |. Deexrposcrpastes ssopduct ecms TiGaSe;
Hcmapesne TiGaSe; xa noaorpene 20 170°C sogacaxs

10T, 970 EACBOIACMMC OTPEACHES MOKNO PELICINTS 3 B¢
rpymmu. K nepsofl otsocrres sefpaxmeossnae pedacaca
HEIHIAPYICUNCCY B MOBDIIEEROR CHNTOREN C BMIDCYER-
NHLME [EDAMCTPAMN JICMCHTIDEMY FecE Bropas rpyn-
@ oTpaarssl (OOmELE INHEN C PACTIOMOECNELIME Hl
HIOU TOMEKAME) EETMINPYCTCE B3 OCBOBC TCTPArONLIMEOR MO~
mefenapm [5]. C pocrom TommepaTypu moasomEx 0
150°C mmrecTso ol MOBOKIEEEOE $atd yucHLmReT-
(= &

Macsan, mosywesnee = soysomnax NaCl, KOl saxoas-
opcxcs aps T,=260°C ¢ pocaegyomed sirpacod npe as-



mofl Toumeparype Gosee 30 wmEyT, oSEapYEREEEIOT mpECYT-
crese mum TeTparcsamnscd faw TiGaSe; Oma ¢am co-
XPAHNCTCH OPE EDMESTHOR TeMDepaType

Coscpmenmo w2y oproa miDomeTcs ope moaywe-
HNE macEOK Ea noasomcay Na(l, oosorperux samme 290°C.
JaerTpomOrpaMME OT OSPETYIONDINCE OPE ITHX YOIOBEEX
ICHOE CBMCTCILTEVIOT O HAIEYEN DPCHMyImECTIeHHOR
opscyTaEs xpecTatmzo:. Opmxo ofprosasumscs Tex-
cTypa sccoscpmesnn Peduescu =3 3caTpoROrpasMMax pa-
uwTu, mfisopercs paumockme pedocxcos Pacopesae-
HEC HHTCHCHSSOCTCH 5 CaMEN DITHIX BC DOJIHESCTCS HRKE-
KN mEososcpsocTiM. Hazomen, ope Teumeparype moa-
Soxcck, sopuma 330°C, posymorcs ofpaumd, Ea JaEKTpO-
EOMPEMMAY EOTOPRIX OPECYTCTEYIOT Pedicscal, pacnoac-
ETHHMC CTPOMD 00 (ChOcEaM INERxw [fo 3mcxTpoBOrpas-
MaM 0T VEEAEHMX IICHOK (pEC. 1) FCTAEORICWO, 910 KpE-
crazmcs TiGaSe; ofpayyor TescTypy ¢ ocuio “c”, nepnen-

E
rpymne 14 - S;, orawmodl or Toll scxommoll $ets. EoTOpas
orsocwTcs x rpynme [4/mcm. 3o nepmoa "a” ocracTes me-

mcxogmofl faad 370 rOBOPET O MOSAICHNE ECEDCTO YHOPS-
ACEEEL DPOBOIOINESTD HE OO0 BOCW EANDARICHMSW rCH-
KN, 3 TOSMED R3O0IL OCH “c”

Fuc ] SncxTposs pasiua TOICTYpRposssasy mees TiGaSe;

[xcson TiGaSe. mpaICHEME 3 MOBDEPECTLLING-
coxx (Na(l) noasosccx ape T,=350-370°C Guan sosoxps-
CTALIFECKES ¢ paunrmoi cTencuwo coscpmmesctsa [lo To-
SCHLM AICKTPOROMPaMMaM (4lIR onpeIcacn DCpBoIM pe-
mETXH (Chemxa c0 craumpron NHLCI), xotopsse oxarsasmcs
pasmauE o~2a~1598 E, c=2c;~11,68 E Ha pmc. 3 npea-
CTARACHE WICKTPOWOTPEMME 0T MOBCKPRCTALINCCEDH I3esE-
K CaepcTpyxTypl T1GaSe, [epmoa "c* onpeacasscs mo
AMCETPONOTPAMMAM, CHNTMM DOJ yraos ¢@=35°. Yoramomae-
Ea NPOCTPRECTRCHNGS (PyImR I#,und{‘D:J. Mperamod
OOpEnOEIENY COBCPINCHNLY MOSOEDECTATTHSOCKEY [LECHOX
€0 CBCPXDCPROJAME TAINCTCH XOPOMNSS EDECTALIONpafere:-
CEDC COOTBCTCTEEE CONDATAINCY MI0CEOCTel IO §
mosofl . [pe yosmasceamson pocte TIGaSe; =a Na(l
QT JIACMCHTAPERS Feis CACpPRCTPYXTYpsoR $asa conps-
racres ¢ 3 reclhaus NaCl, ope yrom oreccETemEOt BecO-

7

OTBCTCTENE CONPArMSOUDINCS CeToR cocramaser 5% Momo-
EpECTALTrecKRe Lacsxs T1GaSe; I0CKD-
cruo 001 |, mapassesssolt rpasm | 100| NaCl Mo ms-
v [5] sl coscpamT 4 fopuy e e Caeno-
HETEnE0 8 rede ccpxotpyxmypsol  T1GaSe: scasso
Gurs 16 fopaymmix epomm T2 50 16 sTomos T1,Ga u 32
aros@ Se.

Fuc § Coorpesspaae woscrpectaas TiGaSe,

H: opescrsmux peymTaTos MONNO CacITE EMBGN,
10 woscsmmoms T1GaSe; mazscrcs weracTabmmacl $e-
308, u » peyymrare Sovmaddy o fancanx nepooaos

BAALCOSMME CiE [5,6] PaccrosEms semay maxctaws 3
E Moamo sozarsts, 770 ope mameams raxodl cxSoll cans
30 spews Tepanrwccxodl ofpaforim, momuTWEss edopac-
MO0 B JNESMEYCCEOM PORKEME, MOSOKINENDS CIORCTaS
crpyxrypa TiGaSe; paciasacTcs Ha OTICTMEME CTPYRETYPELE
$PANUCHETI, EDTOPLE BMCTPARESIOTCE B IETNOYCHNYIO TCTPa-
rosamayo CTpyxTypy TEma TiSe Taxmw ofpssom, mosasa-
HO, ¥TO $E00B0C OPCIPRICHNC, CREAHNHOC ¢ nopocTpolzol
caoes » TiGaSe;, opusoanT @ 0SpENOBANNN0 o€ TCTPAIDEALL-
ol wosedeoanme [losoGmsie opomeccs ofpanosamms TeT-
pucEnEx (o EOBOmIEG OpE ECCICIORIERN a0
EMX OpcspameENil 3 TOMODD DatERax ansorcEws [B

PCHECH CHETCINDOBANROMD COCINSCHEN | CTPArOsEUThEE
somdeoames TIGaSe: soENIGET THEE B PETyILTETE mope-
KDHCTRLINAINN MOSORINNEOR WO Iegenanry OTorae no-
pucaos ofeapyscwmuix CscpxpomeToR, (B DEpEOM Cayme
EIMCECHEC ICPEQA 0", 4 B0 ETOPOM B "g” ® "¢ ) momer
s carano ¢ pruEMEOR CTCOCHMC YDOPLIOCHEOCTE IT0-



MO8 B saxancull CCICHA B TETPAroEANLACHE pemeTse. opeTep-
meesomedl sedopuamso [lpe yoopasowcENE DOsOECHES
STOMOB CcacER B BCXOOmOE CTPYNTYPC CTRNOBSTCE SofexT-
ERAME, W TAK KX OCHOSHRS TCTPRrOHATLERS PCIBCTER SRINCT-

2]
Bl
4]

2 yROpRac-cHROfR, TO CRCPACTPyRTypHas daa ofpayyeros 5
PEIYARTATE YOOPRAOHCHRS PCETHMX DOTHIEE ATOMOB CT-
BEHA.
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D.L lsmayior, MLF. Sliyeva, R.M. Saltasor, F.1. Oliyer, R.B. Safizada, E.§. Dlakbarov
FAZA KECIDLORI ZAMANI [FRAT QURULUSLU TGaSe TOBOQOLORININ oMOLA GoLMoas]

NaCl KClve amorf sellulosd @erme cokdiribmiy 300 E terkibi TiGaSe: nazik tebeqeieri cektrosoqrafik tsal i tedgig odil-
muydyr Mieyyen olnmmgdur ki alibglane temperaturundan sub olaraq umorf, polikrstal ve mosokrstal sbeqelsrmin abnmes:
-i“pi . Gésteriimmdir ki 370°C-de NaCl mosokristah izerinde cpitaksinl biyime amam TiGaSer-am ifral quruingin farss

D.L Ismailov, MLF. Alieva, R M. Sultanov, F.L Aliev, R.B. Shafizade, E.Sh. Alekperov

FORMATION OF SUPERLATTICES AT PHASE TRANSFORMATIONS IN TiGaSe;

The conditicns of the film formations of TIGaSe; with the theckness 300 E on the surface of crystals NaCl and KCl mnd the amorphous
cellulond have been mvestigated by the electronographic method The possibility of films prodection of TiGaSe; in smorphous,
potycrystalline sad monocrystalline states i dependence o the substrate iemperstre arc established. It 15 shown, et the superstroctoral
phase of TiGaSe: forms o the substrate temperatare 370°C.

Jlome nocsyrovenss 26.06.96

FPeomomop: © A Momuseade
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PROPAGATION OF ULTRA-SOUND IN InSb-TYPE STRONGLY DEGENERATED
SEMICONDUCTORS WITH NON-PARABOLIC BAND

T.A. ALIYEV, JA. HUSEYNOV, FK. ISAYEV
Azerbaijan Medical University afier N. Narimanov,
370022, Baku, Bakikhanova str., 23

hhﬂm”d“i_ﬂ“ﬂ““ih“hh
ﬂ.mﬁﬁdhdh-—':“ﬁrhhﬂm_kh*
coefficient and welocty change a3 functhons of acoustxc wave frequency and the parsmeter of nop-parsbobicity have been obtained I has
h—dﬂhﬂ--ﬂmwiﬁﬂhhﬁh“ihﬂi

states, a3 weil as the matnx clonent of dectronic

scalleTing
It has been shown that conmderstion of non-parsbobcty @ the matrix ciement of xcaflcrmg roduces sffect of the band
uhmmﬁu-ﬂ-ihm—:nﬁﬂfi“ﬂhnﬂh'—iw*ih

dextrome denuty of states.

Absorption coefficient a. and relative change of velocity
Av,/v,of ultra-sound in scmiconductors with non-parabolic
band have been investigated in [1-3]. One must note that in
(1] a high frequency case @r>>1 has been considered, ic
scattering of clectrons on phonons and iomized impurities
has not been taken into account And in [3] a general case
for clectron scattering on ionized impurities has been con-
sidered In these works band non-parabolicity was taken into
account only for clectronic density of states.

Since im [1] the case @r>>]1 was comsidered, one can
take non-parabolicity into account omly in the density of
states, because the absorption coefficient does not depend on
relaxation time © In [3] the general case was investigated,
that is why absorption cocfficient depends on relaxation time
of clectrons on impuritiecs The authors of this work take
non-parabolicity into account only for the density of states of
clectrons. As it has been shown in [4), in the computation of
relaxation time of clectrons on phonons and impurities,
non-parabolicity has been taken into account in the density
of states and matrix clements of scaniering of clectrons. For
this reason the results of [3] are incorrect.

In the present work absorption coefficent . and relative
change of velocity 4v,/v, of uitra-sound in strongly degen-
erated semiconduciors of InSb-type are calculsted Low-
frequency case @r<<! is comsidered under an assumption
that clectroms are scatiered by acoustic phonoms. Noo-
parabolicity of the bands is taken into account in the density
of states and matrix clement of scatiering of clectrons by
acoustic phonons.

Let us caiculate absorption cocfficient and change of
sound velocity in piczoclectnic semiconductors under propa-
gation of acoustic wave For this purpose we lincarize
Boltzman equation for clectrons under the presence of pie-
zoclectric field induced by acoustic wave with frequency o
and wave vector §. This equation has the following form
[k

f Rk f

_+_—

dt m OF

el F E")fﬁ- -5
== ’+n'C'B‘ n="

where £, and 5, are vectors of clectromagnetic ficld in-
duced by propagating acoustic wave, & is wave vector, &” -
effective mass, r - relaxation time of electrons which char-
acienzes scatiering process, £, -distribution function which
clectrons relax afier collisions, 5, e and ¢ are fundamental
constants and have regular meanings.

Distribution function £, can be presented as follows [1]:

o -
£,(k)=£(k,n,—n)m 4ft1+n,3§ @

where £ is equilibrium distribution function of electrons, o,
and 5, are equilibrium and pertarbed clectronic concentra-
bon, accondingly.

In two-band Kane approamanca electronic spectrum has
the following form:

KiK' =2me(1+8fs,) =)

Here =, s effective mass of electrons on the bottom of
conduction band, & is the gap width.

It is important to note that clectric field E, induced by
sound is longitudinal, ic @tE =0 [I] Therefore, mag-
lﬂ:ﬁﬂi,-g.ii, induced by sound is cqual zero.

The solution of equation (1) we seck in the following
form:

f=L(k)+ £, =5(k)+g(k) '™

where £, describe deviation of distribution function from
equilibrium function £, under propagation of acouslic wave.
Substituting (4) m (1), we obtain the following equation for
determination of g (k)

[r-l*{g"]]ﬂffj=

e 05,895

A Gk rtdn



where m° is effective mass of clectrons, and in two-band
Kane model 1s defined by the formula

E
m*= 1+2—] . (6)
"[ i

Here we consider strongly degenerated semiconductor of
o-InSb type Therefore £ (k) is degenerated Fermi-Dirac
drstribution:

sE)=5[elK,)-2) , o
where
l eccm x>0
'“""‘{a ccam x <0 ®

k, is wave vector on Fermi surface.

From (4)47) we can determine current density induced
by propagating acoustic wave Current density is defined by
aprossion

- e rhk _ .
I=-S[f@dx ®

(10)

where v, is ultrasonic wave velocity. In particular, choosing
the direction of § along z axis, comparing (9) and (10), and
using (5), we find for o, the component of & conductivity
tensor and R, the component of R diffusion vector, the fiol-
lowing cxpressions:

0.(3,0)= {i]zkr-' (&)
R =(yo (s,))

Compilex function G is detsermined by the expression -

(1)

(12)

o, mnﬁ“ﬂ/ ..('r) 13)
2nk,g/a’(s) @, -akg/a(s)

G==1+

¥ -¥
7(&)=1,(T —;’;] [1+i‘-] [1+2—"-

where @,~@+i (6); A ke=[2mts (146:/8) 17 ;
u’ (&) ==, (1428/5,) .
Loagitudinal sbsorption cocfficient a. is determined by

the expressioa (1]
F-ﬂx-[x- 4:1']
pEv; i

where o is density of the crystal & is static dielectric con-
stant, §, is piczoclectric constant, o is effective electric con-
ductivity defined by expressaon

(14)

a.l=_"ﬁ_

1-R (1)

Relative change of velocity of ultrasonic wave caused by
interaction of conduction ciectrons, can be writien as

Av E’_ 4xo’ )"
i’ .
= : 1 i (16)

v,

We comsider low-frequency case onEic<] and

_—f(':—r)a(c,}u.hﬁi-ihahunnu

Glep)r-2+imde)
Substituting (17) into (11) and (12), for o’ we find

an

e eedere) 2] am

Relaxation ume tfs,) of clectrons scatiered by acoustic

(19)




where

o - S omxT)”

xmp =,

' 3

The last factor in (21) appears due 1o consideration of
non-parabolicity in the matrix clemem of clectronic scaner-
ing on acoustic phonons. As il follows from this formuis
consideration of non-parabolicity in the scatiering matrix
clement increased the value of longitndinal absorption coef-
ficient a. of ultrasonic wave.

From (22) it follows that comsideration of non-
parabolicity in the matrix ciement of clectronic scatiering on
acoustic phonons does not affect the relative change of ve-
locity of ultrasonic wave.

Let us consider the case when &2 &, , in which non-
parabobicity of conduction band is more cssemtial In thus
case consideration of non-parabolicity in the matrix clement
of scattering increases the value of . by almost 4 times.

The authors express their gratitude 1o Prof F M Gashum-
zade for discussion and valuable remarks
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BAX m ofncMmix XIpAXTCPHCTHE THOMDS H3 OCHOBC COae-
mum meu (1, 7] @ amennso oMOEpYIOUDO LTy ScERE
= Ex goronsexTpsreeckae caclicTsa [3]

B zassofi crame AIHENEC [AMME-
xzasros gmooncaun 10 1 10°P, asexyposmoro ofiaysesms ¢
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EpECTALDIMCCKE: O0pand CCACHEE HEIRY ¢ MCCOIMMMN
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sossx mocwTesedl mpaw- 107100 u 300-1200a0f B¢,
COOTBCTCTRCHNO, yACaMMOC compoTmaacEme 10-100 Omecw
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2-3.0%:°

5 78 2 35 4

, Ml
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TEICTRO, T0 ACTOTHAE LIPAKTCPECTHEN $OTOINOI0S Pac-
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A2 0MHLE IMCSCHRS § ECTOTHAY XAPAXTCPRCTEEEX
poTamecacs EfBORINCE DOCIC MICKTPORROMD, HPOTONNO-
o B rass ooyl

FPuc I Coscrpamusce pecpeacacsme $OTOMYBCTERTSDAOCT
$OTUTROI0S B8 OCHOSS CCMEDUIR ISUDR 20 ¥ DoC3e

ofifysssn WexTposm ¢ Macprch 6 MoB ope 300K

Ha pac 2 mpemcacso cocxrpamsoe pacnpeacacmme $o-
TOMYBCTERTCILBOCTH ECCICIOBNNWY OTOINOI0S OPE EDM-
EaTROl TEMDEpPETYPC 30 N DOCIC MEXTPORBOD oOIyweEms
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nuIyeERS, oI GOTOMYRCTENTEIMEOCTMO 3 OfZacTE

coexTpa 0,45-1, Ivoow ¢ sascaryson sbamm 4, =0, 950
Hb pec. 2 Taxms Caeayer, wo $oTowyRcTEETEILEOCTS IpR
$moonce 1.2 107 o™ » moporxosommosoll ofizacts coextpa

BCCEDIMAD VRCOMMESCTCE. 3 CICIVIOMNE QB0 1aeKTpo-
HOS OPEBOINT K O YMCHMICHEO H CISHTY OCHOBNOID M-
Cunywa 3 CTopoEy Gosce 1moona soam Hy ccxrpamami
JApAKTEDECTEE PECCNTANM JEIENRY MOBITPOMITHSECKOR
SyscTeETEILEOCTE - 0,954.0 A/Br, somr-saTTeofl wyscTee-
remsocre - (13-7,1) 10" B/Br & morerpamscll wyscTas-
TEILMOCTE K BCTOSHEEY ~A” - (10-20) wA/au. [Mpasrerecs
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CALCULATION OF SPECTRAL DISTRIBUTIONS OF SENSITIVITY
OF A NON-LINEAR r-RAY DETECTOR

LV. ALEXEYEV
Joint Institute for Nuclear Research, 147980, Dubna, Moscow Region, Russia

The spectral dstnbuticn of the senmtvity of the TinSe; rray detector 15 calculated snng the Monte-Caric method The non-hmesnity
of the smpere-wall charscicisic (AWC) of the detector and the mbomogeneity of radistion sbsorptics m the ystal are corrected by
—dhdﬁﬁl,ﬂhﬂur—qﬂﬁt—dhhﬂ:hc—hduﬂ_d

experumental dats i caned out m the 0.02-1.25 MeV range.

The spectral distributions of efficiency £ (£) and sensi-
tvity I(E) arc important characweristics of detectors and
detecior materials The first is calculsted with programs
based on the Monte-Carlo method, which, a3 is well-known,
makes it possible to solve radiation absorption problems for
state deteciors have been made by a oumber of authors (see,
for example, [1-3]).

To calculate the scositivity spectrum I (E) for lincar
case is not difficalt aither, since, exclusive of the region of
very small energies E it is identical 1o the efficiency spec-
trum, f£(E). As a mule though semiconductors with high
radiation sensitivity, such as CdSe, CdTe, TiinSe, have a
of I (E) is determined not oaly by the process of generating
free charges (for both £(E) and I(E) in the lincar casc)
but aiso by the exchange process betweea the zome of al-
lowed states and local centers of the forbidden zone. Also, in
the hnear case, non-umiformuty of radiation absorption in the
depth of the sample significantly influences I (£).

As is shown in the present paper, under certain condi-
tions in the lincar case, I (£) is casy 10 calculate using the
data on f(E) and introducing a cortain parameter, s<I,
which is obtained amalytically and comtains information on
the AWC type of detecior. The ELSS program [4] simulating
clectromagnetic showers (adapted for [BM PC) was used o
calculate £ (E). The efficiency, meaning the relative pant of
the photon energy comveried 1o the kinetic encrgy of free
charges in the sample volume, is defined in ELSS as
E-N/E where E is the cacrgy of a »quantum incident on
the sample and W is the total energy of »quanta and free
charges leaving the sample.

As already meationed. TlinSe; crystals have a “sub-
linear™ AWC. This can be represented as an exponential
function I=G", where I is the desector response and G is the
energy of radiation absorbed by the sample. The exponent
<1 and is determined experimentally [5]. Thus for the case
of uniform (weak) absorption, the I(E) spectrum can be
described by the following relationship:

I x) I{E'J( GfE;J-
G(E'

m

where E' is any fixed energy value from the interval being
considered.

For the I, (E) spectrum reduced to an equal flux density
of radiation cnergy F, G can be replaced in (1) by £':

f(E)\"
- [
I,(E)=I(E ;(”E_J

In the general case, relationships (1) and (2) need © be
corrected 10 take ingo account non-lincar effects under cos-
diticns of non-uniform radiation absorption in the depth of
the sample For this purpose, let us coasider the relationship

(=)

where I(Z)and T (E) are the sample responses for two
place and vice versa, in the case of the “instantancous™ dif-
fusion equalization of the concentration of free charges gen-
craied by the radiation in the depth of the sampie

Omiiting clementary reasoning, let us write for I and
I (E):

T _gix) ]'

" |
Im--!jmdx-.jrx-m{'““m dx (¥

Wt e L).
IfEJ—ader-ﬂJ(ng‘:m (L))

where we make use of relationship like (1) applied 1o the
density of the corrent § flowing through a layer having a
negligibly small thickness dx In (4) and (5) g (x=0) is the
radiation encrgy absorbed by unit volume of this layer on the
sample receiving surface, § (x=0) is the corrent density in
this layer, g(x) and j (x) denote the same at a depth of
x,d is the area of the sample clectrodes, and 7 is ratio of G
0 the sampie volume, ie:

—r
9‘=—I§fx.ldx
dﬂ



Let us note that j (x=0) is identical in (4) and (5) and

(udr(1-exp (-uda) )
S(E)=
uda(l-exp (—ud) S

In (6) we meglected the shight change in the qualitative
composition of the radiation with depth.

Relationship (1) and (2), which describe the spectral dis-
ibution of seasitivity of non-lincar detector in the case
uniform (weak) absorption, are also true for I (E) intro-
duced for the case of “instantancous™ diffusion equalizing
the concentration of generated free charges. Thercfore

T(E")

I(E)=
(B)= ="

G (E)s(E)
or, per umit density of energy flux,

I(E")
f°(E)s(E
" (E) s (E) ™

Relattonship (7) 1s used when the mfluence of diffusion
on the distribution of the frec charge concentration generated
by raduation may be ncglecied This situation takes sensitiv-
ity [6]. Among these scmiconductors is TlinSe,.

Reference 0 (6) shows that s=1 a1 a weak absorption
(1) and decreases with and the enhancement 10

f::: af pci>] In this way, the discussed coefficient

S corrects the effect whach causes a relative fall in detector
seasitivity in the long wavelength spectrum range that re-
sults from detector non-lincarity under conditions of non-
the AWC depan from the lincar case (ie., the greater s is
and the less @ 15 ) the greater the effect is.

spectra reduced 10 an equal power of the exposure dose P,
since in the case it is casier 10 monitor the beam. For 2 given
spectrum, relationship (7) takes the form:

I(E)=

I,(E)=const (E,(E) £ (E) S's (E) )
where 7, (E) is the density of the radiation energy flux re-
sponsible for 3 unit exposure dosc and is sumerically equal
10 the ratio of the Roenigen energy equivalent 1o the mass
coefficient of energy absorption in air [7].

Unlike the calculations where radiation was assumed to
hmumh—:ﬂhqﬂu
(homogenized by means of copper filler) was used in the
cxpenment  The measurcments were made in the range
from 0.02 to 0.13 MeV of effective X-ray radiation energies
and were supplemented by point £=1.25 MeV. The experi-
mental procedure s presented i 5]

The experimental curves of the I.(E) spectra for
Tﬂﬁaﬂiudhhuhiﬁ;l,
mmm-nmhu——m-u
shown in the lower part of the figure The exponent g for the
studied samples was 0.5.

) ol 4
E MoV

Fig | Expenmental (upper part of the figure) and calculsted
(lower part of the fgure ) curves of the spoctal
dsribution of the seamtivity of TlinSe; ssmples
&= 021 cm (solid linc), 0.104 cm (dash line) and
0.05 om (dash snd doged lme) thack Efficoency carves
Z(E) of the corresponding ssmples sre m the comes of
the lower part of the figare

hh“ﬁm-ﬂ-ihw
oncs, we can observe 3 wide maximum that shifis as the
sample thickness changes, a sieep fall in the long wave-
leagih spectrum range, and a gentle siope in the shor
wavelength spectrum range

A systematic deviation (up to 10-15%) of the experi-
mental data from the calculated data is seen ot the 25 keV
point, as well as over the 90-130 keV interval In the former
case, the deviation is due to the fact that (in accordance with
accepted procedure) the radiation with £,..< 3040 keV is
hﬁh_hm*“h‘
nesty by making the radiation harder [n the latier case, the
£t that the cxperimental data exceeds the calculated data
results from certain featurcs of the ELSS program, where
ﬂinqn&hmh““h
absorption in TlinSe; &t £=85.5 ke'V (K-jump of TI).

The legsimacy of the described calculation procedure is
supported not only by its resemblance 10 the general view of
the calculated and experimental spectra, but also by such



quantitatrve spectrum charactenstics as the ratio of the re-
sponse in the spectrum maximum to the response af the
point £=1.25 MeV. For the samples where 2=0.05 cm, 0.104
cm and 0.21 cm thick, the calculation gives the values 10.75,
7.04 and 505, respectively, and in the mcasurement for the
studied group of samples, the mean results were 10, 7 and 5.

Conclusions

Caiculation of spectral distribution of seasitivity of a

be done using the data on efficiency obtained by the Monte-
Carlo method The mon-linearity of the characteristics and
non-uniformuty of radiation absorption in the sensitive cle-
menl volume are taken into account with the aid of the cor-
oot require data on recombination or other capture processes
in semuconductors. This method can be used when the influ-
ence of diffusion om the distribution of the concentration of
free charges gencrated by radiation can be neglected.
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i51 I_;” Alexeyev. RAS News, Inorganic materials, 1992,
p. 2404

[6] SAM Rywkin Photoelectric phenomena in semiconduc-
tors, Physmathgosizdat. Moscow, 1963.

[7] VP Mashkevich lonizing radistion shielding Ener-
goatomizdat, Moscow, 1982
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EXCITATION OF A RELATIVISTIC QUANTUM LINEAR OSCILIATOR
BY HOMOGENECUS FIELD. |

Sh. M. NAGIYEYV, F.I. JAFAROV

Institute of Physics Academy of Sciences of Azerbaijan,
370143, Baku, H Javid prosp., 33

The quantum transition probabulity smphitudes S from the stationary state o into the stationary state = for the relativistic
imear cscllstor under suddenly changed homogeneous field are calculated [t is shown that the quaniilics S, &t expressed by the
Meitner polynomials & (=.§.c) of a discrete variable The generating function for them is obtaned. The nonrelstivistic Emst
of S, which gives & solution of the corresponding nonrelstivistic problem., is investigated.

1. A relatrvistic quantum mechanics, developed in the
papers [1-9], carmies many mmponant features of nonrela-
trastic quantum mechamcs. [t 1s based on the concept of
relatrastic configurational I - representation [I}. The
relativistic I representation is introduced by the expan-
sion of the wave function over the compicte and orthogo-
nal system of fanctions

f@,f = (_ﬁ_'] ; ;
mC

F=xi,#=1,R =Jﬁ’+l’c’.

They realize a basis for the amcfucible unitary repre-
sentation of the Lorentz group. In the nonrciativistic lmit
wehave §(D,I) = exp (IDE/ A).

An amnclogue of the Schrodinger equation in the
relativistic cofigurational T - rcpresentation is a fimite-
difference quasipotential equation

[H,+V (L) pw(E)= Ey(L),
where the free Hamiltonian has the from:

(L.1)

H, =mc’ :Li)+
(1.2)
.Llca{ ] e.t:r—i
mc or
The relativistic 1o the case of the

oqustion (1.2) of the solvable problams of the nonrelativ-
istic quantum mechanics have been considered.

The aim of the present paper is to calculate and ana-
Iyse the quantum transiion between the dis-
crete spectrum states of a relativistic ncar oscillstor un-

1 There exits [5-9] the various models of the relativis-
tic incar oscillator. We shall consider a8 model with the

Hambtonian
m’){ h
Xx+i—
2 mc
1)

and the same dynamical symmetry group SU (1.1) as in
the nonrcietivistic casc. [n the onc dimensional case the

=H,+V(x)=H,+

&u“ﬂi-&-lhmfim

have the form
H,=-r.-’d{i 2.2 F;---car(i 2 d
mc dx mc dx

Their common cigenfunction is the reiativistic one-
dunensional planc wave

5
i=—x

#rp,:J-[P' P J ) a2z

The generators of the dynamical symmetry group
SU(1.1) for the given model are defined as follows

1 mc
&-;Hm' K’- le

@3)
C|a= 1
K -——lp-—v
A 2l o m]
and satisty the commutation reations
(Ko, K J'iKn [K: K J=iK;,
[K;,Kz2]=-iKs. 249)

In the paper [10] the relativistic model of the linear
oscllstor (11) in sn ecxtenal homogencous ficld
V,(x)=gx, which corresponds to a comstamt force

N
F{x,l-“al--q.hlhw-'hd.hhhﬁ-
bed by the equation

By (x)&[E""+gx ] ¥* (x) =Ey* (x) . @9)

it was shown that, in comparison with the nonrclativ-
istic case there exists a possibility of the discrete | J <aco
as well as continuous | gl 2 mce energy spectrum due to
the relation between the value of th force and frequence i
the present case. The solutions of the eg. (15), corre-
sponding 10 the discele energy spectrum
E =Ao(n+v)sing,, n=1,2,3,..., s -

pressed by the Maxner-Pollaczek polynomials



i | [ =
r:m-:,'(%] ITiv+iX)E (x:9,) e‘*"j}'.
(26a)
Wmf-%.:.ﬂut.lh:fmm-:h-

troduced v = £+ L{E]’ ' Py = ar::cos—i—.
2 ¥4 \ho mcw
0 < @, < x, and the normalization constants are equal

to
mch!

c? =(2si ey

= = (25100, \ et (ne 2v)
Thﬂ*lfnﬂfthmmhlh:u_
representation we find casily with the help of integral
transformation with the kernel (2.2

V.(p)=citexp(ite™) Il (2tsing,),

o =it Joxct e;q:{i (n "“"{Fw --!2-)]
(26b)

where C = C (p, + p)/ A® and L(x) are the general-
ized laguerre polynomials. Let us cmphasize that the
functions (2.6) form the basis for the positive discrete sc-
nies O (v) of the irreducible unitary representation of the
dynamuical symmetry group SU (1.1). The cgenvaluc vof
the Casimir operator of this droup does not depend on
the force g. Therefore, the wave functions (1.6), corre-

Using the limiting formulas [13]
lim v"”i:(-l"d';; arccos 4 ]- —I-H_fx +y).,
- x n!

1imv 2 (2 + 2xlv ) = f-l)‘—l—;ﬂ’_rx.i 7
e n! i

]x‘e'"ﬁifbx} L(cx)dx =

_M *l{._fjﬂj

m!n!a
Rea>0, Red>-1,

where £, (x) arc the Hermite polynomials, it can be cas-
ily verifed that in the limit c—» the relativistic wave
functions (2.6) coincide with the wave functions of the
noarelativistic linear oscillator in the homogeneous field.
In this Emit the operator S, becomes as the particular
form of the unitary shift operator D (a) =exp (aa’-a"a),
when , where a° and 2 are usual creation and annihila-

tion operators.

3. Let us now tum to the cakulation of the quantum
transition amphitudes for the relativistic lincar
oscillator in the ficld, under the

occuring
action of the suddenly change of the valuc of the ficld
from V, (x) to V_(x). Let the oscillator is in the sta-
tionary state, described by one of the cigenfunctions ™

of the initial Hamiliopian H°'. Afier the
change of the field the stationary states of the oscillator

will be defined by the wave functions y7* , which are the

cigenfunctions of the new Hamillonian 5/, In accor-
dance with the general rules of the quantum mechanics,
the trastion probability amphitude 5. of the system from

the initial state y* into the final state % is defined by
the cocfficients of the expansion of the function y** over
tmﬂ“udmm"}:

S = Iy‘_“ (x W% (x) dx =
= . G.1
- ]i"f' (o= (p)dp/ By

The relation y;’ = S, S_ yi* allows us to represent the
amplitude (3.1) as & matrix clement of the unitary opera-
lor S = 5,15;' over the excited by the external ficld oscil-

S = (5,5, Jm = 25, (5

In order to find an cxplicit form of the matrix clement
(3.1), it is convenicnt o carry out the calculation in the
mom<nium reproscntation, where i is a known imtegral of
the pobynomials, a power function and linear
exponent of a following form [14]

bc
——2T(i+1) (a- b!'f#*C}':ﬂ[‘lr ~n;A+1 *(a=D) (a- c.l}



where (1), = '(n+ )/ (A) is Pochhammer's symbol.

As a result, for the required matrix dement (3.1) we obtain the formula

S.=(-1J

where 6, !ﬂ' 0, =0 and

M. (m:B,c)=(B). .F. (—n, -m;p,1- %]

nhﬁmﬂmﬁilmm{lﬂ.
Let us now investigate a ponrelativistic Emit of the
quantity S, For this aim we use the ralation [15]

’ (2v), w"_z_,,_[.m,mzf;_;&}

l!n'f?vjch,,{ !

2

8.-8 a,-a
th—L'L—r—?—-‘-, (ch
2 2v

NN

=n!L"(a)=(-alc (m:a)

where C, (m;a) are the Charfier polynomials of discrete
variable and note that when c—= (e when »oa)

IH -E f-‘l;.l,'
—‘_“2 e F

a=a,, a=a,.

[t is casy now to write 2 final expresson:

' -1 =
lims, =ﬁ-{a,—a,l" e

which coincides, as it has boen expected, with the matrix
clements of the shift operator D(a) with respect to the
states of the nonrclativistic Iincar oscillator 3t a=a.—a;
ﬂ:.hﬂ#.{lib.m&wﬂj]
defines the transition amplitudes of the noarclativistic
linear osallator under the action of the suddenly changed
homogracous ficddd. It gencralizes the result of the corre-
sponding nonrelativistic porblem, stated in [17].

In conclusion we present a generating function for the

amphitude (3.2
2v).(2v)
I s, -

ch“"-‘—‘-[lﬂ{ -n) th—u J,‘l;]

e ~=

? Cmia,-a)), G3)

" in deriving of which the following formuls was used [15]

-

=(1~§J.f1—z.""‘: 4 < 'iﬂ(IH'

It is 1o be emphasized that the right hand side of (3.4)
accuratc within constant the transtion amph-
H_n:m“dtmnﬂ-

— 2"
ZH. (x;f,c)—=
- n!

”E
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ON THE PROBLEM OF THE DOPING EFFECT ON PHOTOELECTRIC
MEMORY IN INDIUM SELENIDE SINGLE CRYSTALS

Yu.G. NURULLAEV
Baku Siate University 370148 Baku, Z Chalilov st. 23

The dysprosum dopung cffect oo photoclectne memory m indium sebemade sngie arysals bes bon mvestigaied. |t bas been found that
m InSe Dy arystals with Ny, determmned of relatively low iomporatores m 2 wide nge of the change of light micnuty the remdual photo-
conductinty value remams constant and depends oaly on the waveloght The spectral memory effect bas boes cbserved. Al low misounes
the wtal absorbed hght 13 responobie only for the readual photoconductvity, Le. the accumulation of the wesk Lght agnals occary.

The mam charsctenistics of the sbove phenomens bave been staded Both of them sre shown 1o be weil oxpiamned on the base of the

In carly works [1-4] there was found that the monocrys-
tallic InSe films arc semiconduciors with a wide variety of
have studied the influence of doping of these materials by
rarc-carth clements on their clectromic properties [5-7] The
present paper deals with the rare phenomenon discovered by
os while investigating InSe Dy photoelectric properties. Par-
bicularty, these was found that in InSe-Dy with the fixed im-
purity percentage concentration (Np,) at the relatively low
temperatures the residual photoconductivity [1] value does
not depend on the light intensity (&) varying in the wide
range. but it is defined only by the light wavelenght (1) This
phenomenon is great imporance, both from practical and
scentific points of view, as the obtained resuits may be used
for creating detectors and “color™ storage clements of light
radiation and also for clanfying the mechanism of electronic
phenomena in partially disordered semicondociors m gen-
eral, and in A’B* layered crystals, in particular

The measurement was carned out in 2 wide lempersture
region (from 75K up to 300K), the wavcienght (from 035 u
© 2.60 4 and the light intensities (up to 10° lux) in InSe
monocrystallic films doped by Dy (N, = 0; 10 10, 107,
5107 107 a1 %).

It has been found that on illuminating the considersd
material by the hight from fundamental absorption region
m:ps.ls:mn-“u-muu
residual photoconductivity s observed, the magnitude
(AIe), recurrence and relaxation time (r..) of which de-
pends on T, light intensity and wavelenghe and also on N,
on investigating the luxary dependence AT, (@) of remd-
photoconductivity case, behaviour of the AT, (@) curves is
determuned by light waveleaght In the deep fundamental
absorption region this dependence abbeys the gradual low
and af the very low imlcasitics the whole absorbable light is
ing InSe-Dy w0 be perspective material for creating weak
light signal accumuistors in this region of spectrum. With
the further increase of @ the share of AI_, in the general
photoconductivity I, decreases

In the fundamental asbsorption eodge region
(0.95u<3<1 204 with relatively high ¢ the magnitnde of
AI s appears 10 be almost independent from @ in the wide

range of changing it and thus the spectral or “color™ stoe-
ages take place (Fig 1) On erasing the residual photocon-
ductivity A, obtained afler ceasing of the external exci-
tation with the i; wavelength light and creating a new re-
sidual photoconductivity A7 .. corresponded 1o waveleagth
Az (A3>Ay) , it appears that AT ;< Al Besides, il has
been obtained that on illuminating the sampie at first by the
A; wavelength light, and then without crasing the crested
residual photoconductivity (A7), illuminste the smple
by the i, wavelength light then the level of the residual
conductivity does not change, in the reverse order of the il-
lumination (at first 4, then 1,), the residual photoconduc-
tivity increases from AT . 0 AT,

BT

W H

Fig Dependence of AT, of hghtintenmty m vanous wave
lengths = monocrystals of inSe Dy with Ny =10 st %
A, g 10975, 2-1.00; 3-1.10. =TT

We have also investigated the iemperature and imperity
porcentage concentration dependence of spectral siorages of
the considersd materials. it has been found that the effect
ages offcct bnghtness nonmonctoncously depends on impu-
nly percentage conceniration - al the reiatrvely small values
of N, the brightness increases with increasing of 5, pass-
ing over the maximum at &, = 10” at. %, and then de-
creasesat N, > 5 1070 %

The obtained results can be well explained in the frame
of suggested barmer moded for matenals under consideration.
According to this model InSe Dy crystals consist of low ob-
mic matrix (LO) with a chaotic replacement of high ohmic



(HO) regions in it. On the boundary of these regions thers
cxist recombining barmers with the heights depending on
vanoes external and intracrystal factors. In high ohmic in-
clusions decp capture levels have been localized [3] While
dlumnating such crystals by the light from the decp funda-
mental absorption region the generated electron-hole pairs
are divided by the internal recombining barrier ficlds, so
clectrons are accummisted in conduction band of LO, and
holes - in valence band of HO. Optical straightening of en-
ergy bands does not appear in low imensities of the falling
hight Therefore, almost all generated electrons and holesre-
main in the respective bands for a long time and create re-
adual photoconductivity, sccumulation of weak light signals
storages take place.

Observation of “color ™ storages is also satisfactorily
explained i the frame of the above suggested energy model
for the materials under the consideration L itis
supposed that whule illuminating by the light from the fun-
damental absorption edge region, clectron - hole pairs are
gencrated with the deficience of energy of free clectron -
hole pairs by means of mnncling of them through recombi-
nahon barners. As in such cases the tunneling transparence
coefficient (D) is determined by the charge carrier energy,

the magmitude of the residual photoconductivity will depend
on the wavelength, but not the intensity of the falling light
As 3 result, the magnitade of 47, will depend on 4
Weakening of the effect of the “color™ storages and ac-
cumulation of weak light signals with temperature may
rather be conditioned by the reduction of the recombining
barricrs role at higher temperatures, and their nonmono-

tration, light wavelength and intensity, the weak light signal
accumulation and spectral or “color™ storages take place
Both of the phenomena 10 matenals under the consideration
are conditioned by the partial non-ordering of crystals and
localizanon in their high ohmic inclusions of deep emergy
capture levels In such structures the above described effects
are excited by the influence of light by means of tunneling
through recombining barriers and i effective space division
of pom-cquilibrium clectron-hole pairs  respectively.

[I] ASh Abdinov and A G. Kyasim-zode. Fizika i teknika
poluprovodnikov, 1975, 9, 9, p.1690-1693.

[2] A-Sh Abdinov and A G Kyasim-zade. Fizika i icknika
poluprovodaikov, 1975, 9, 10, p.1970-1975.

Bl ASh Abdinov and V.G. Hasamov. Fizika i tcknika
poluprovodnikov, 1982, 16, 8, p.1525.

[4] ASh Abdinov, Y.G. Hasanov,V K Mamedov and E Y novPhysSwmtSol, 1985, 92, pK77K80
Saloev. Fizika i teknika poluprovodnikov, 1981, 15, 1,
Yu.G. Nurullayey
ASQARLANMANIN INDIUM-SELEN MONOKRISTALLARINDA FOTOELEKTRIK YADDAS HADISOSING
To'sirl HAQQINDA
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