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Brictymuienne Jlaypeara HobeneBckoil nmpemuu,
Bune-IIpesunenra Poccuiickon Akanemun Hayk

XKopeca Heanosuua Argeposa

Ha MexXyHapoJHOU KOH(pEpEeHIINH,
nocBsIeHHoW 85-netuto akagemuka ['acana baruposuua AGyiiaeBa.

TayboKoysaxaemvle urenvr Hauuonarvroii Akgdemuu Hayx AsepbaiioKana,
dopozue Koarezu u 0py3vs, urenvt cemvu Tacana bazuposuyal

Bo-nepevix, s cpasy cKazar, umo s npuedy Ha Imo cobpaue, Komopoe nocesi-
weno 85-Aemuio Moez0 cmapuiezo Opyzd U moeapuid, 6bl0aULee0Cst COBEMCKO-
20, azepbaiidKancKozo yuenozo-gusuxa Tacana bazuposuna Aboyrraesa.

A pad 803Mm0KHOCTU 6bICHIYNUMD HA MOPKECMBEHHOM OMKPbIMUL MEKOYHA-
PoOHOT KoHghepenuuu, nocesuennoil namamu axgdemuxa 1.5, Ab0yrraesa. Mol
ceiiuac nocmomperu npexpacuviii gurvm o Tacame bazuposuue u ouens mpyo-
HO MHe HAYUHAMDL CB0T0 Perb, NOMOMY UIMO eCMb MAKAS 6elLb: Mme K020 YoKe Hem
¢ Hamu, 0Ast bAusKuX Atodeil u Opyseil onu He ymupaiom Hekpeod. Onu 0As Hac
ecez0a Kusbl, ocobenno Tacana bazuposun ¢ e20 KUBbIM, HeObbIMATIHBIM XAPAKINEPOM, KU3HEPAOCH-
HbIM, TIPEOAHHBIM UOLAAAM — MAKUM OH bbIA U OCTAHEMCS 6 HauLell NAMSMU.

Mne nocuacmausurocy écmpemumscs ¢ Tacanom bazuposuuem 50 rem momy Hazad. g npuuwexr 6
QDus-Jllex, a Tacan bazuposuy yKe 6MOpoil 200 6bINOAHSA C6010 OOKIMOPCKYH0 duccepmauuto 6 Aabo-
pamopuu npogeccopa Dmumpus Hukoraesuua Hacredoea. MHe nocuacmausurOCh OueHs MHOZ0 Ae -
50 Aem nazad nosmaKomumscs ¢ Hum 6 cmapom 30anuu Pus-Jllexa. Jozoa 6 omdere «PDuU3uUKU 1OAY-
nposooHUKee»,  pyKoeooumvim  D.H.Hacredosvim, — cywecmeosaru — O0éd  ceKmopda: — CeKmop
B.M.JITyuKesuua, 6 Komopom 6aul NOKOPHbLIL CAyzd HAUUHAA c60t0 pabomy, u cekmop Koromuiiua, z0e
YKe 8Mopoil 200 6bIMOAHAA C6010 00KMmopcKyto duccepmauuto Tacan baeuposuu. JIloeda, 6 1953 200y
HAUL CEKMOP 3AHUMANCS Pa3pabomKoil, NOAyueHUeM U UCCALO0BAHUEM NEPEbIX. COBEMCKUX, MPAHIUCTTIO-
pos, p-n nepexodos. D.H.Hacredos u Koromuey npodorKgru cmapbvie mpaouuuoHHble UCCALOOBAHUS
noAynposoonuxos. O0Hoil u3 axmuenvx, epynn — bvira epynna C.M.PoieKuna. Axademuru Hogge,
Pezeaw, JITyuresun, PoisKut, Koromuey, Cmurvbanc - 0Aa MHOZUX, CUOSULUX 8 IMOM 3dAe, IMO — POO-
Hote umend. Tacan bazuposun 3aHUMANCS UCCALOOBAHUAMU CeALHA, CIAPETiiez0 NOAYNPOBOOHUKOB0Z0
mamepuara. On bbiA npedan cerery 6CH0 JKU3HD U 6HEC MHO20 UHMEPECHOZ0 6 UCCALO0BAHUS CEACHA U
ceAenoeblxX. npubopos, ¢ KOMOpbIX, HAYUHAAACL 65 PUSUKA NOAYNPOBOOHUKOS U NOAYNPOBOOHUKOBbLX
npubopos. Jlepevlil cerenosbiil homodremenm bvia onucan ewe 6 mpyoax, bpumanckux gusuxoe 6 1876
200y. Tacan Bazuposuy bvir ouens arobosnamervrvim. OOHAKIbL, 01 cnpocur meus: «Kopec! BvL mHe
obvsicnume, Kax, pabomaem p-n nepexod?». I eom, zyrns no wawemy Kopudopy om bubiuomexu u
darviue 824ybv, s paccKasviear ob p-n nepexode, 0b ez0 IAEKMPOHHO-ObLPOUHBLX HACTIAX, U IACKIMPULe-
cKux_ ceoiicmeax. . Buicaymas mou obvsacnenus, Tacan baeuposuu cKazar: I dymato, umo p-n nepexoo
— Mo Haw KOpuoop, cnpasa — IAEKIMPoHbl, CAe6d - ObLPKU».

Tacan Bazuposuy ouenv ocmpo u bbicmpo wyscmeosar Hoevie Hanpasrenus 6 Hayke. On baecmswe
3awumuAa 00KMopcKyo OUccepmauuio, u nocAe Imozo oH yexaa ctood, 8 baxy. 30eco pacKpviacs ezo op-
2AHUBAUUOHHBLEL MAAANT, U OH CKOPO cMAA JupeKmopom Hucmumyma Pusuxu.




B 1960-200y 6 baxy Tacan bazuposuy opzanuszoedir «Bcecoio3noe coseusanie 1o YOapHOi UOHUSAUUL
U MYHHEALHOMY IPPeKIny 6 NOAYNPOBOOHUKOBLX. NPUOOPAX» U MOUHO OUCHUA BAUSHUE TYHHEAUPOSA-
HUsL OASL NOHUMAHUS PUSUKL NOAYNPOBOOHUKOBbIX npubopos. Tacan Bazuposun cpasy nowyecmeosda,
YUMo SABAEHUE MYHHEAUPOBAHUs byem oueHb MHOZ0e OnpedeAsmb 6 NOAYNPOBOOHUKOBbLX npubopax,
Braz00aps ez0 HeymMOMUMOTL IHepzuu PusuuecKas nayka 6 AH Asepbaiidkana npoepeccuposara.

Tacan bazuposuy npoxec uepes 6Cio C6010 JKU3HD 8EPHOCHIL NEPBOMY CB0EMY POOHOMY HAYUHOMY 00-
my. Ceasv ¢ Pusuo-JllexruuecKum uncmumymom um. A.Q0. Hogge bvira nocmosmuna, on xpanur
eeprocme Pus-JIlexy, ezo mpaduyusm. On bbiA UCKAIOUUMEALHO 6eAUKOOYUHBIM YHeHbIM U 00bpbIM
uerosekom. Ceou ceasi ¢ yuenvimu (C0103a OH NOCMABUA HA CAYKeHUE NMO0ZOMOBKI HAYUHBIX KAOpos
051 podHoil pecnybauxy. Bee c6ou HayuHbvle, OPYKECKUE CB3U OH WUPOKY NPEOOCABASIA C6OUM YHEHI-
Kam. J103:Ke, Kozda on cmax Jlpesudenmom AH Asepbaiiokana, ocobenno ApKo Nposi6urcss ezo ma-
AAHM Op2anu3amopa HayKy. OMmKpbIAACh 803MOKHOCL NPOOEMOHCIPUPOSANs WUPONTY C60UX, HAYY-
HbLX 83245008, Kauecmea, neobxooumsie Jpesudenmy Axademuu Hayx, Komopoimu, HecomHenno, ob-
Aadaru Jlpesudenmor Corosnoil AKademuu Basuros, Hecmesnos, Keadviu, Arekcandpos, bviru noano-
cmwio npucywu u Tacany Bazuposuwy. Imo cnocobrocms nousms 0CHOBHYIO Udet0, 6udemb nepcnex:
MUBY HAYUHOZ0 HANPABALHUS, UUPOMA HAYUHBIX, 832A5006.

Tacan Bazuposuny bvira npucyue Heobwviuno ocmpoe wyscmeo romopa. Kozoa 6 1961-200y on nobwi-
6aA 6 nepeoil noe3oKe 6_Amepuxe, s cnpocur ezo o enewamienusx, On cKasaa,

«Kopec, onu yKe nocmpouru Mmamepuarvuyro bazy KOMMYHU3MA, OCMAEMCS. MOABKO UIMEHUMD
npouseoocmeenble omHuoumeHusy. Hau, 00HAXbL OH MHe cKa3dr « XKopec mbl 3Hdeus, wmo makoe ze-
meponepexo0? Imo cynpyKecKas napd, 20e MyxK,u JKend pasnoi HAUUOHAALHOCTIUY.

AKademux, _Abdyrraes wupoKo npakmuxoedar nOCbIAKY C60UX COMPYOHUKQE Ha MeKQyHapooHbie
KoHgepenuuu, 60 muozue uccaedosamervckue uenmpot 3a pybex, B AH CCCP Tacan Bazuposuy boi-
cmpo npuobpea boavuwoi asmopumem. K Hemy npeKpacHo omMHOCUAUC, IMO s MOUHO 3HAW, 3HATO Nep-
conarvho, npesudenmvt AH CCCP — Hecmesros, Keadviu, Arexcanopos.

Ewe 00no 3ameuamervioe Kauecmeo T acana bazuposuua-amo eeprnocmsv opyxKbe! Kozda s npuexanr e
nepebiil pas 6 baxy, s nOUYeCMeE06aA euie 00HO 3ameuamervhoe Kauecmeo Tacana bazuposuua — eep-
Hocmb OpyoKbe Hezasucumo om mozo, Kmo bwvir ezo dpyzom —byov amo npogpeccop u ezo yuumeb
D.H.Hacredos, uru Mmraduiue Hayunvie CompyoHuxy, bes yuenvix cmeneneii —A.A. /ebedes,
K. H Argepos, b.1apenxos

B 1972 2 mens evideunyru 6 za.-Kopp. AH CCCP. ITM020a 51 bbir OMHOCUMEALHO MOAOOBIM HEAOBEKOM
U NOIMOMY He 3HAA 6ecb Imom usbupamervhviii Kpyz. Jllenepb s IMo XOPOWo 3HAIW0 U MOZY CKA3AMD,
KaKue Hado npeonpunumams 6 0anHom cayude deiicmeust. Jleped cobpanuem nauezo omoerenuss obweil
PusUKY U acmporomuu, s npuexar cioda, 6 baxy Ha 00ny u3 3awum 0oKmopcKoil ouccepmauuu. 4 Kur
mozoa 6 cmapom «Humypucme». Jlocae sawumvt mvl ¢ Tacan Bazuposunom, ez0 NOMOWHUKOM U
B.H.Cmagpeesvim noexaru é Homep, umobvL nocudems, n02060pump — mem 0Asl pazeo08opda bvir0 MHOZO.
Becb eeuep Mol Po20BOPUAL, U YoKe bbir uac Houu, Kozoa Tacan bazuposuu cKa3dA:

I Oymaro, mue Hado bviro bur noexamv na nayunoe cobpanue AH. A ysepen e eac, vt npoiideme. I
He 10eXaA NOMOMY, U0 OUeHb XOMEA NOCUOeMD C 6AMUY.

A cKaszaxr: «Bol, snaeme, Tacan bazuposun, 600buie-mo éauie npucymcmeue mam xHeobxooumo. Bydem
AyHie, eCAU bl T0e0eme.

- «BbL max cuumaeme?»

- «Da, mam 00uH 2010¢ MoKe s6Asemcs pewarowum. JIlax umo bydem Ay4ule, ecAu 6bL noedeme.

Tacan Bazuposuy obpamuics K ,céoemy noMowHUKY: «JL0360HU 8 aIponopm u y3uail, Kozoa bauxai-
wuil peticy. boiro yoke 2 u. 10Mmun. Houu OH CKA3AA:

«Kopec! 3ybnas nacma u wemxa y éac naiiemcs?»



A cKazar: «Da»

On mym JKe 3aKa3ar burem u mwi emectme noexaru nposoxams Tacan bazuposuua é aponopm.

Ha credywuii dens, Koz0a mulL boiru Ha banKeme compyoHuKd, pasoarcs mere@onHbiil 360HOK U 1O
meAegOry OH MONPOCUA MEHSL U CKAZAA:

«XKopec, Xopowo, umo s noexar. J1030pasrsnro mebs ¢ usbparnuem.

Tacan Bazuposun no30pasur mens. OH Colzpdr oueHb bOALULYIO POAL 6 MOeil FKUSHIL.

Tacan baeuposuy bviA Hacmoswuil yuenvii — unmepHayuonarucm. On NOHUMAA, MO HAYKE UHmep-
Hauuonareha. Hem azepbaildiKancKoil HayKy, pyccKoi u m.o., a ecmv Mupoeas naykg. B cmaroeie-
Huu Hayunoii obuwecmeennocmu 6 AsepbaiidKane, poav Tacana Bazuposuud, Kax, HenpeesoildeHHo2o
opzanusamopa HayKy, ozpomuas. O npeKpacno noHumar porv u 3nauenue AH CCCP e paszsumuu
AKademuii HayK, 6cex pecnybAuK, 6biCOKO UEHUA 83AUMOCES3b MeXOY AKademusmu HayK pecnybaux,
JIpeKpacro NOHUMAA POAL PYCCKOU KYAbIMYPbl, AUMEPAMYPbl, A3bIKA OASL NPozpecca HAUUOHAALHOIL
HayKu u Kyavmypol. Cez00Hs, K9z0a M0A000e NOKOAEHUe UMeem meHOeHuuio nperebpezams pyccKum
SI3LIKOM, OHO YMpauuedem 603MOKHOCMb NozAOWaAms bozamcmed 00HOU U3 BeAUMATIUUX COKPOBULL
mupoeoil Kyrvmypul. Tacan Bazuposuu zAyboK0 NOHUMAA POAb PUUKY, PUUUECKUX OMKPbIMUL 6
obwem paszeumuu ueroeeneckoil yusurusayuy. Tacan bazuposun Abdyrraes npeKpacno suar asepbaii-
OKAHCKYI0 Aumepamypy, UcKyccmeo.

AszepbaiioKancKuil Hapoo enpase 20pouUmbCs c60UM 3amedamervhbim cbinom. Kax boi on wyscmeo-
ear cebs, ecau bt on bvir JKue? Hasepro maxKe Kax, Keaoviuw uau Arexcandpos. Kozda mvl 6cnomu-
Haem céoux BeAuKux At00eil HAyKy, XOuemcs: HANOMHUMD MeM, Om K020 IMO 3ABUCUM, HACKOADKO
8AKHA HAYKA OASL pa3eumus IKOHOMUKY. HayKy nado pacmumv, bepeuv u OHa 6epHem BAOKEHHbIE
cpedcmea cmopuueil.

Tacan Bazuposuy nonumar, wmo Haykg — amo eapanm byoyuezo baazodencmsus. OH XKUA 60 UMs
3Mo20 1 Mol He 3abydem e20 3asembL.

Tacan baeuposuy eower 6 Hayxy 6 Pus-Jllex e. Mot uacmo ezo 6cnomunaem. 3uauum, on écezda oc-
manemcs ¢ namu 8 PusuKo-mexruueckom uncmumyme um. A..Hoggpe. FEzo nopmpem bydem 3anu-
Mams 00CMOUHOe MeCMO 6 2drepee AKA0eMUKQS, BbIPOCULUX 6 CeHAX Hawezo Hucmumyma.
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A ROLE OF DISLOCATIONS AT PROCESSES OF THE MECHANICAL
BENDING OF SILICON WAFERS

Sh.M. HASANLI, N.N. MURSAKULOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

In this work, peculiarities of mechanical bending and deformation rate of silicon wafers under the influence of applied external forces
have been studied. It has been shown that , for all investigated samples ,there are three characteristic sections with various slopes irrespective
of the types of operation, orientation and thickness of the wafers. By increasing the applied force (F), the rate of deformation rises, reaches a

maximum , and then starts to decrease not monotonically , but spasmodically by further increase of the force F.

Experimental results are

discussed on the base of the creation of dislocations and their corresponding plastic deformation. Furthermore we have shown that , there is a
very good correlation between the density of dislocations and spasmodic decrease of the deformation rate. The analysis of the obtained
results confirms the availability of plastic deformation and its inclination to localization during deformation process at room temperature .1t
should be added that , the spasmodic decrease of deformation rate , can be viewed as a self-organized deformable medium.

Keywords: Semiconductors, surfaces and interfaces, dislocations , deformation rate .

1. INTRODUCTION:

The bending and warping of large-diameter silicon
wafers are one of the most difficult problems in
manufacturing semiconductor devices and integrated circuits
due to the mechanical and high-temperature treatments. In
some author’s [1, 2] opinion, the bending of wafers during
mechanical cutting is created both by cutter displacement and
occurrence of plastic deformation. According to [1], the
plastic deformation of wafers during high-temperature
processing is due to temperature gradient between edge and
center of the wafers. Besides, it is shown, that under identical
conditions of thermal processing, the wafer deformation is
increased both with number of temperature cycles, and also
with temperature rise. The latter can be qualitatively
presented as follows: under the influence of thermal
processing dislocations are created and as a result, relaxation
of thermal strain occurs within the limits of the given sector.
During the second thermal processing cycle, the formation of
dislocations is considerably facilitated, resulting in their
multiplication. The theoretical works [3-4] consider the
influence of dislocations on the value of mechanical strength.
The work by [4] shows the microplastic deformation in the
crystals which is caused by reversible motion of dislocations.
Moreover, the plastic deformation is considered to be
inclined to localization at all stages of the plastic flow, and
only its form changes at different stages. The works [4] slate
that the nature of localization of deformation lies in self-
organizing processes in deformable medium in the shapes of
various sorts of waves. This is possible, because during
deformation a flow of energy created by the loading device,
runs through the crystal. The process of dislocations at given
temperature will depend on: a)value of the applied force, b)
value and allocation of local strains on the volume, c)
microstructure of the crystal, availability of impurities of
other phases etc.

Thus, the short analysis of the articles [1-4] shows, that
the wafers' bending and warping may complicate the
engineering procedures as photolithography, diffusion
epitaxy and etc., and also may change the electrical
characteristics of finished semiconductor devices and chips.
Therefore, the questions connected with the problem of
mechanical strength, and improving semiconductor devices

production technology of devices, still remain topical and
need to be further investigated.

The present work deals with study of the peculiarities of
mechanical bending (W) and bending rate of silicon wafers
under the applied force (F), and also their structures after
various manufacturing operations.

2. EXPERIMENTAL TECHNIQUE and SAMPLES
FOR INVESTIGATION

The investigations were carried out on both n and p-type
silicon wafers having diameters of 100 mm and various
surface orientations (see table 1). It should be note that, there
are different testing methods for investigation of mechanical
strength of semiconductor materials such as, torsion's,
squeezing, tension, bending etc. among which three or four
point contact and axially-symmetric methods occupy a
special place. Because, they do not need takings special
measures for fastening the samples, and also allow - while
testing at room temperature - to receive strains of big value.
However, according to [5], at three or four point contact
methods of sample testing, the edge effect caused by cutting
and grinding can greatly influence on the value of mechanical
strength. To avoid this, the work [5] offered the axially
symmetric method of plate bending, which is widely used by
various researches. In the given work, the experimental
results of mechanical bending and deformation rate of silicon
wafers were determined by a semi-automatic apparatus
designed and made on the base bending methods of hard
plates, having symmetrical axis [6]. This method was chosen
because it, first, allows to directly test the wafers which are
used in the semiconductor devices and large scale integrated
circuits production, second, allows to exclude the influence
of edge effects on the value of mechanical strength. The
experiments were conducted at the room temperature.

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

The experimental results of dependency of mechanical
bending (W) and rate of deformation V on the applied force
(F) after various technological operations are presented in
fig. 1-4. The figures 1-4 show that for all investigated
samples, three characteristic sections with various slopes can
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be observed irrespective of types of operations, orientation
and thickness’ of the wafers (dependence W=f(F) for other
processes given in the table are observed wears analogous
character):

1) the first section (1) — a linear proportionality exists
between applied force and bending value. As it is apparent
from the figures, the linear dependency for different samples
is maintained in the interval of the plate thickness from 0.30
to 0.50(um).

2) the second section (2) - the increase in bending of
plates has a monotonic character with increasing of the
applied force. 3) the third section (3) - by increasing the
applied force, the bending value increases up to destruction.
4) the slopes angles in these section(1,2,3) differ from each
other. For example, after grinding process; the value of slopes
are: 1) arctgay =25, 2) arctgap,=11 and 3) arctgas =26.5 (see
fig.1). The comparison of these values indicates that the least
slope is observed in the section of monotonic dependency
W= f (F (N) (section 2). 5) by increasing the applied force
(F), the rate of deformation (V) rises, reaches a maximum,
and then starts to decrease not monotonically, but
spasmodically by further increase of the force F. 6) At
various technological operations, the value of V varied in the
interval (1.5*10-2.2*10*)m/sec.(see fig.1-4).

Table 1
Process Orientation | Thickness(um)
After grinding 100 475
After P diff. . 111 480
After B diff. 111 470
After epitax. 100 475
After oxidation 111 500
After Al contact 111 505

Theoretical dependence of bending value on applied
external force calculated by the formula (1) is also presented
on the figures:

W=3P(1-2)r2/(2zEh3)*{a2/r2[1+(1- v)(a2-
- 12)/(2(1+v)b?)]-(1+Ln(a/r))} @)

where a -is the radius of fulcrum, b- is the radius of around
wafer which is related to the sides of an square wafer with the
relation b=b'(1+2°%)/2,r,P,h,v, and E are the radius of
puanson, the applied load, the thickness of the wafer, Poisson
coefficient and Young modulus, respectively. The
comparisons of theoretical and experimental values of
bending presented in figures (1-4) show that in sections (1)
they agree quite well with each other. However, in the second
and third sections, strong deviations are observed. From the
plots, it is seen that the experimental dependencies
W=f(F(N)) are well-approximated polynomials of 5-th order
of form W=By+B,F+B,F?+B;F® +B, F*+Bs F°, where, By, By,
B,, Bs, B, and Bs are constants and F is the applied load.
There deviations can be due to the existence of dislocations
which are created in the wafers during their bending process
which have not been taken into account in the theory. The
similar regions are found at squeezing of Si and Ge single
crystals and also at tension of various polycrystalline
materials [7-9]. In the work by [7], the obtained results are
explained by the concept of heterogeneous dislocations
created at squeezing of the samples.

It is shown in the work [4] that between the rate of
deformation and density of dislocations created during
deformation process, these exists the following dependency:
VzoVm (Q/E) (2) where, o - internal stress of the wafers ,Vm
is the velocity of testing machine and Qzo L b p; (3) is heat
scattering energy of mobile dislocations in unite volume, L is
the average distance between dislocations, b is the Buguer's
vector and p; is the density of mobile dislocations, E the
energy of fixed dislocations in unit volume is given by
E=Gb%, (4). Where, G is the shear modulus, p, is the density
of fixed dislocations.
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Fig.1. Dependence of the wafer bending and deformation rate
on the applied laod after grinding process
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Fig.2. Dependence of the wafer bending and deformation rate
on the applied laod after oxidation process.

The following is an explanation of the experimental data
mentioned above from the standpoint of buildup and motion
of dislocations under influence of the applied force F. In the
first section (1), under the external force F, the wafer bends
and deforms, resulting in the creation of dislocations. They
move on various slip planes and then are unorderly situated
on them. Increasing the value of F further, results in an
increase in both concentration and density of mobile
dislocations on these planes. Therefore, according to the
formula (3), the increase in density of the mobile dislocation
will give rise to the increase in Q energy scattering into heat,
and as a result, the wafer will heat up. Heating the wafer, in
turn, will promote a rise of new dislocations and an increase
of their density. In this case according to the formula (2) the
wafer’s deformation rate will also increase. The given idea is
confirmed by experimental results of dependencies of
deformation raate on the value of the applied force (see fig.
1-4). Due to the easy and reversible motion of dislocation at
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large distances, the observed resilient deformation of wafers
takes place in order words, the linear proportionality W= f
(F) is consistent in section (1). In section (2) with a further
increase of the applied force, the number of dislocations and
simultaneously, their motions rate will increase in different
crystallographic directions. For this reason, in certain
crystallographic directions, an accumulation of dislocations
occurs. Stored dislocations elastically interact between
themselves, creating obstacles for the motion of other
dislocations. The further movement of dislocations is
impeded and as a result, the density of fixed dislocations is
enlarged. Thus, the obstacle experience major pressure and
the wafer is plastically deformed. Apparently, the availability
of a plastic deformation is the reason for observed monotonic
enlargement of the wafer’s bending (see fig.1-4). It should be
underlined, that in accordance with the formula (4), with the
increase of fixed dislocations density, their energy E also
increases, and according to the formula (2), the rate of
wafer’s deformation should also decrease. This statement is
confirmed by the experimental results shown in fig.(4). As it
is seen from the figures, despite increasing the value of F,
both the slope of the second section and the wafer
deformation decrease. Thus, the decrease in the rate of
deformation is not monotonous but it is in spurts. The
saltatory change in deformation rate is apparently, connected
with the fact that part of dislocations stored at hindrances,
under certain conditions are able to overcome their barrier
and move further. As a result, the saltatory motion of
dislocations takes place resulting in the saltatory change of
the wafer’s deformation rate. It should be noted that, the
hindrance to the motion of dislocations and saltatory change
in deformation rate might be caused by the availability of
impurities and other defects in the wafer and thereby inhibit
the motion of dislocations and promote formation of
dislocation avalanches. In the third region, by increasing the
external force further, the number of dislocation is increased
and the process of dislocation accumulation is continued. At
the same time, part of dislocations having opposite sign may
annihilate which causes a partial relaxation of the internal
stresses. Besides a part of dislocations may move from one
slip plane to the other one, and then, the number of
dislocations on the latter maybe increased, resulting in the
hardening of the wafer and increase of its bending and
consequently in the decrease of deformation rate. The
increase of accumulation of the dislocations in certain
crystallographic direction and their interaction through the
neighboring slip planes may cause stresses in separate
directions. At values of stress larger than the wafer’s
breaking point, some cracks may be formed in it. However,
the process of a crystal fracture will depend on the kinetics of
the cracks growth.
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Fig.3. Dependence of the wafer bending and deformation
rate on the applied load after epitaxy process

From the analysis of experimental results are revealed the
following peculiarities of mechanical bending and rates of
deformation of silicon wafers after diverse manufacturing
operations:
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Fig.4. Dependence of the wafer bending and deformation rate
on the applied load after phosphor(P) diffusion process.

1) Irrespective of the type of operation, orientation and
tickness of wafers on curves W=f(F) are observed. three
characteristic section with various slopes, a) the section (1)-a
linear proportionality exists between W and F. 6) the
section(2) of monotonic dependence W=f(F), c¢) the third
section (3) by increasing the applied force, the bending value
increases up to destruction.

By increasing the applied force F, the rate of deformation
rises, reaches a maximum, and then starts to decrease not
monotonically, but spasmodically by further increase of the
force F.

Experimental results are discussed on the base of the
creation of dislocations and their corresponding plastic
deformation.
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SiLiSIUM LOVHOSININ MEXANIKi 8YILM3Si PROSESINDS DISLOKASIYALARIN iSTiRAKI

Bu meagalada xarici qlvvalerin tasiri altinda silisium I6vhasinin mexaniki ayilma ve ayilmanin deformasiya siratinin
xususiyyastleri taedqiq edilmisdir. Gosterilmisdir ki, bitin tedqiq edilen nimunalar Uglin texnoloji proseslarin ndvindan,
kristallografik orientasiyasindan va Iévhalarin qalinigindan asili olmayaraq muiixtslif meyilli G¢ xarakterik oblast miisahida edilir.
Toatbiq edilmis quivvenin (F) giymati artdigca deformasiya surati artir, maksimuma c¢atir ve quivvanin sonraki artmasina muvafiq
olaraq sicrayigla azalr.

Eksperimental naticaler ayilma deformasiyasi zamani dislokasiyalarin yaranmasi ile izah edilir. Bundan basga
dislokasiyalarin sixiigi ile deformasiya suratinin sigrayigla azalmasi arasinda yaxsi korrelyasiya olmasini géstermisdir. Alinmig
naticalerin analizi plastik deformasiyanin otaq temperaturunda muimkinllylini ve deformasiya prosesi zamani onun
lokallasmaya meylli olmasini tesdiq edir. Bu mudlahizalere onu salave etmek lazimdir ki, deformasiya silratinin sigrayisla
azalmasina deformasiyaya ugrayan muhitin 6z-6ziinli tenzimlamasi kimi baxmagq olar.

. M. TI'acansin, H.H.Mypcaky.ioB

POJIb TUCJIOKAILIUI B TIPOIIECCAX MEXAHUYECKOI'O
N3IribA KPEMHHUEBBIX IIVTACTHH

B sroit pabore u3y4anuch 0COOEHHOCTH MEXaHHMYECKOTro M3ruba M CKopocTH AedopMalui KPEMHHEBBIX IUIACTHH HOJ ACHCTBHEM
NPUJIOKEHHBIX BHEIIHUX cuil. IToka3aHO, YTO I BCEX HCCIEIOBAaHHBIX OOpPasliOB, HE3aBHCHMO OT BHJA TEXHOJOTMYECKUX OINEpalyii,
KpHucTauorpaguueckoil OpUeHTAIMH U TOJIIMHBI IUIACTHH HAONIONAIOTCS TPH XapakTepHbIX obnacteil. IIpy yBeIHUCHHH NPUIOKEHHON
cuibl (F), ckopocth nedopmanuy pacTeT, ZOCTUTACT MAaKCHMyMa, M 3aTeM HauHMHACT YMEHBIIAThCsS HE MOHOTOHHO, a CKAa4YKOOOpasHO ¢
JaTbHEHIINM yBEIHIECHHEM IPHUIOKEHHOH Crlbl F. DKCIepuMeHTalIbHbIe pe3yIbTaThl OOBSICHIIOTCS HA OCHOBE 3apO>KACHMS ANUCIOKANNi B
npouecce usruda. Kpome Toro, moka3aHo, uTo, UMeeTCs XOpOLIas KOPPENSALUS MEXKIY IUIOTHOCTBIO JMCIOKALMH M CKauKOOOpa3HBIM
YMEHBIIEHHEM CKOPOCTH JedopManui. AHanu3 IOJYYEHHBIX Pe3yJbTaTOB MOATBEP)KIAIOT BO3MOXKHOCTH IIPH KOMHATHOW TeMIepaTtype
IJIACTUYECKOI AedopManny, U CTpeMIICHHE ee K JIOKAJIM3aluK B TeYEeHHE npolecca AedopManny, a TakKe CKaukooOpa3HOe YMEHbIICHHUE
CKOpOCTH AeopMaLliii, MOKET PacCMaTPHUBATBCS KaK caMOOpraHu3alus 1eGopMUpyeMOoii Cpeibl.
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GROUND REMOTE SENSING OF BACKGROUND AIR POLLUTION LAYER ON THE
CITY OF BAKU BY THE DAY SKY BRIGHTNESS

F.l1. ISMAILOV
Azerbaijan National Aerospace Agency Institute of Ecology
370106 Baku, Azerbaijan, 159

Remote sounding of air pollution by scattered sun light has proved to be useful for analysis background level in conditions of the city
smoke. This paper deals with the investigation of the space characteristics of altitude air pollution layer on Baku from the day sky light

measurements.

Introduction

The background air pollution layer in conditions of Baku
smoke has been formed during many years. Study of modern
state of this layer is one of the cardinal problems of
ecological monitoring of background level of anthropogenic
impact on all Absheron Peninsula.

It is known that the intensity of background air pollutions
is determined by the number of background aerosol particles
which are very optically active at effective wavelength
A=0.55um of solar radiation [1-3]. Ground remote sensing of
air pollution by incoming solar radiation is of great interest.
This method is very informative and technically simple [2,
3]

The present work includes the information about the
results of research of space situated and different
characteristics of background air pollution layer on Baku
from the day sky light measurements which carried out with
actinophotometric device [4].

Methods of the research and results

The day sky light brightness depends on changes of
optical depth 7 and scattering functions f(6) of background
aerosol particles; where @ is the scattering angle [2, 3]. The
determination of these parameters is based on measurements
of illumination of direct radiation S and the sky brightness
B(6) in solar almucantar for any time:

1
=Inp=—-5/S 1)
r=Inp m /0

0

H(6)=—B(0)/S, @
mO
where Sy is the solar constant, P is the atmosphere
transmittance, my is the optic mass of atmosphere.
The scattering angle is determined according to formula

[2]:
C0SO=C0SZ COSZ,+SIiNZ-sinZ,-coS® ®)

where Z, is the solar zenith angle, Z is the sensing zenith
angle, ¢ is the sensing azimuth angle.

The background level of air pollution can be estimated
from the following empirical expression [3]

v=2210"c (4)

where v is the volume concentration of background aerosol,
ois the scattering coefficient at wavelength =0.55um.

Experiment has been carried out on the
actinophotometer [4] which were constructed specially for
research of atmospheric transparency. Figure 1 shows the
medium Bouger curves for the west and east of Baku. These
curves derived from observations data by Bouger — Lambert
long method [2] and averaged over the period from the
sunrise to the afternoon (curve 1) or from the afternoon to the
sunset (curve 2).

L
95. . T =019

2 x"" A

T, ". 7=037
72040 *x .2

o seee 4 | e 1::-‘9*20

xxx 2 120:8‘!'5 P4 :8é°
— [t ' ) l’ L
5 o 20 30m

L)

Fig.1. Medium Bouger curves for observed points:
1 - Mushvigabad settlement; 2 - Ahmadli settlement.
7 - optical thickness in directions to the pollution layer

(72) and in other directions (zy) in w
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Fig.2 a) medium isophots of day sky (August, 2002) 1 - in
region (3) of pollution layer, 2 - out of this region, M —
Mushvigabad, A - Ahmadli, Z - zenith, O - center of
pollution layer, B - Baku. b) h, - upper and h; - low
altitude of boundaries of pollution layer.
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As seen from figure 1 the Bouger curves in the region
my=10+29 have been observed the “anomaly” which
apparently is connected with the background pollution layer.
Therefore, dependence of optic thickness from relative air
mass can apply to study background air pollution on city in
detail.

The angular dependence of the scattered sky light are
shown on the figure 2. This dependence is represented by day
sky light measurements in different almucantars and verticals
on territory o the institute of Ecology.

The results of measurements were graphed in the form of
maps of the radiance on sky sphere. Figure 2a show high
values for the forward scattering directions from zenith to
horizon, a minimum at the scattering angle about

(Z2=20",#=180") and slightly increasing values towards
|

the backscatter azimuth angle of 180°. This behavior is
typical for background aerosol scattering.

Angular dependence of diffuse light from the day sky
contains information about the geometry of distribution of
background air pollution layer. For estimate space size of this
layer we determine relative values of the scattered solar
radiation in different angles region (ei 0, —72/6 as follows:

0i

n= |

6;-40,

f(0)singdo jf(e)sinede ®)
0

In table 1 there have been presented values of ratio the (5)
for 49=x/6 and j=1:6 .
Values of quantity (5) in per cent (%)

Table 1
@, indegrees | 30 60 90 120 150 180 -30 -60 -90 -120 -150 -180
1
ino% |13 10 9 7 5 13 11 10 6 6 4
Ii ,

As it is seen from table 1 isophots have very asymmetric
structure on direction perpendicular to the solar vertical.
Figure 2a shows that the center of pollution layer is observed
at point O with the spherical coordinates about

72=225" ,@=-5".

It was impossible to evaluate altitude propagation of
air pollution layer. In the following figure 2b it has been
found altitudes of upper and low boundary of pollution layer
for angles of view (figure 1) and distances on the earth
(figure 2a) from observed point M.

Values of average parameters of air pollution layer on
Baku are given in table 2.

Conclusion

1. The day sky brightness and direct solar radiation
measurements were carried out with actinophotometric
device [4] in conditions of Baku smoke. It is found that the
strongly background air pollution layer on Baku have place.

2. The results of calculations of mean characteristics of
background air pollution layer are given.

3. It is shown that the method of ground remote sensing
of air pollution layer by the incoming solar radiation may be

used to receive the most capacious information in conditions
of the city smoke in view of their regularity.

Characteristics of background air pollution layer on Baku.

Table 2
Parameter Value
Thickness Ah=h, —h, =2 km
Radius of cross section R=17 km

Space volume V:;sz-Ahzl,8~103 km?3

Optical thickness Ar=1,-1 :012

Optical density (scattering Az
coefficient) p=—-=01 km™
Ah
Volume concentration v=2.2.10 -11
Mass concentration mg
(density of particles | M =p-V :44—3
p=2g/sm* [3)) m
Mass of layer’s pollution m=M -v=80t
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1988, p. 32 (in Russian).

[3] F.I. Ismailov. Parameterization of effects of light
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informativity increase of actinometric measurements, -
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F.i. ismayilov

BAKI $9HORI UZBRIND® HAVANIN FON CIRKLONM3Si QATININ SOSMANIN GUNDUZ PARLAQLIGINA
OSASON YER USTU MOSAFODON TaDQIQi

Boyuk senaye soheri seraitinde fon seviyyesinin analizi Ug¢lin Gunesin sepslenan slialanmasina ssasen havanin
girklonmasinin masafali Oyranilmasi faydall oldugu askar edilir. Isde Baki seheri lizerinde semanin giindiiz igiina asasan

havanin girklenmasinin ylksak gatinin faza xususiyyatleri dyranilir.
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®.N. UcmanjioB

HA3EMHOE JUCTAHIIMOHHOE UCCJIEJOBAHUE ®OHOBOI'O CJIOA 3AT'PA3HEHUSA
BO3JYXA HAJI TOPOJAOM BAKY 110 APKOCTU JTHEBHOI'O HEBA

ﬂI/ICTaHHI/IOHHOC 30HAUPOBAHUC 3arpA3HEHUSA BO3yXa 10 paCCEIHHOMY H3IIYyUCHUIO ConHIa SIBISICTCS BAXKHBIM JUJI aHaJIu3a (1)OHOBOI‘O
YPOBHA B YCJIOBHUAX KPYIHOI'O IMPOMBIINIJICHHOI'O ropoja. B pa60Te HuccyieyeTcsa NnpoOCTPaHCTBECHHBIC XAaPAKTCPUCTUKU BBICOTHOI'O CJIOA
3arpsi3HEHUA BO3AyXa HaJl rOpoaAoM EaKy 110 UBMEPECHUAM CBETAa JTHEBHOI'O Heba.
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PHOTOELEMENT WITH SCHOTTKY BARRIER ON THE BASE
OF THE MAGNESIUM PHTALOCYANINE ORGANIC SEMICONDUCTOR

M.M. PANAHOV, S.A. SADRADDINOV, J. H. JABBAROV, B.SH. BARKHALOV
Baku State University,
Z. Khalilov str.,23, Baku, 370145

In this work the results of the study of the influence of the thermal processing in oxygen atmosphere on photoelectric properties of the
Al/MgPc Schottky barrier in SnO, /MgPc/Al thin film structures are presented.

At present the great variety of film structures with the
Schottky barrier on the base of inorganic semiconductors is
used in microelectronics [1, 2]. At last years similar
structures are created and broadly investigated also on the
base of the organic semiconductors (OS), in particular, on the
base of phthalocyanine and its complexes with metals [3, 4].
Development of the doping technology for OS will enable
these compounds to form a serious competition to inorganic
materials used now, and possibly, fabricating the
semiconductor devices with qualitatively new characteristics.

By choosing respective electrode material one can form
ohmic [5, 6], as well as rectifying [3, 6, 7] electrical contacts
to semiconducting metal-organic compounds of the
phthalocyanine class.

The investigation of the current characteristics of
“sandwiches”, in which OS magnesium phthalocyanine
(MgPc) layer was equipped by Al or Ag electrodes have been
conducted elsewhere [7]. Non-symmetrical volt-ampere
characteristics (VAC) were explained by the formation of the
p-n-junction in MgPc as the result of substitution of Mg
atoms by Al ones during the heat treatment. The further study
of the similar structures have shown the presence of the
Schottky barrier in the Al/MgPc interface.

In this work the results of the study of the influence of the
heat treatment in oxygen atmosphere on photoelectric
properties of the Al/MgPc Schottky barrier in SnO2/MgPc/Al
thin film structures are presented.

VAC of the Al/MgPc/Al thin film structures studied
elsewhere [7], were symmetrical, while current in the
Al/MgPc/Ag structure depended on polarity of the applied
voltage. The fact that MgPc is a p-type semiconductor [7],
and forward direction corresponds to the positive potential on
Al-electrode, evidenced for the presence of the Schottky
barrier in the Al /MgPc interface.

MgPc used by us in studies was additionally cleaned by
the double sublimation in the vacuum. The SnO, /MgPc/Al
thin film structures have been obtained by the thermal
evaporation in the vacuum (~10° Torr) consistently MgPc
and second Al electrode onto the quartz substrate, on which
beforehand was deposited the transparent SnO, electrode.
The thickness of the layer was 0,2+2,0um. The doping by the
oxygen was produced by endurance of the film in the oxygen
atmosphere at 390+420K. All measurements have been
conducted in the vacuum ~10" Torr.

The presence of the Schottky barrier in Al/MgPc interface
determines main electrical as well as light characteristics of
the element, which are described below.

Study of the dark current characteristics of the "sandwich"
structures on the base of the SnO, /MgPc/Al structures shows,
that the doping by oxygen essentially changes all
electrophysical characteristics of the system. The height of

the Schottky barrier, determined from the slope of the
temperature dependence of the current, for the sample
processed in the oxygen atmosphere (@=0.5eV) in two times
is less, than for the sample processed in the high vacuum
(@=1.0eV).

— 871
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Fig. 1. Volt-ampere characteristics of the SnO,/MgP /Al
structures, annealed in oxygen atmosphere: 1-dark,
2-under constant illumination L=5-10*Lx.

On the fig. 1 the dark and light VAC are presented for the
photoelement on the base of the SnO, /MgPc/Al, processed in
the oxygen atmosphere at room temperature. It is seen from
VAC that the dependence | on U is essentially non-
symmetrical, which is connected with the effect of the
Schottky barrier. At the illuminating the structure, non-
equilibrium charge carriers form which influence on all
characteristics of the structure.
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Fig. 2. The dependence of the photo e.m.f. on the illumination.
Insert- short circuited photo-e.m.f. versus illumination.

Under the illumination the separation of the charge
carriers between the Al and MgPc occurs and the photovoltaic
effect is observed. On the fig. 2 the dependence of the photo-
e.m.f. on illumination intensity L has been shown. As one can
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see from the fig. 2, at great L the resistance of the barrier
layer decreases so, that photo-e.m.f. approaches to the
saturation — limiting value 0.5-0.6eV for the samples with the
doped MgPc layer.

I sh.c.ph. (1 O-QA)

1.5

1,0

0,5

0 Ll x x
0,2 0,4

0,6
U(v)
Fig 3. The dependence of the short circuited photo current

Ish.c.pn, ON the reverse bias voltage U, under illumination:
-8:10°Lx, 2-10%Lx.

This value corresponds to the Schottky barrier height,
obtained from the analysis of the dark volt-ampere
characteristics. On the insertion of fig.1 the dependence of
the short circuit photocurrent I, on the light intensity L is
shown. It is seen that the short circuit photocurrent Iy
increases with growing of the light intensity L.

The height of the Schottky barrier also can be determined
from the dependence of I, versus the bias voltage under
constant illumination. The dependence of the short circuit
photocurrent on the inverse bias voltage is shown in fig.3. As
would be expected, at the positive potential on the transparent
SnO, electrode with the increase U the I current decreases,
and at U~0.6 V for the MgPc layer doped by oxygen
(U=0.1V for source, which is determined from the
dependence | versus 1/T) I,=0, i.e. at U~0.6V the short
circuit current disappears. The determined value 0,6eV
corresponds to a height of the potential Schottky barrier for
the SnO,/MgPc/Al structure doped by the oxygen. At the
positive potential on Al-electrode, with the growing U only
increase of the current in the structure occurs, what is also
explained by the influence of U on the Schottky barrier in
Al/MgPc interface.
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MAQNEZIUM FTALOSIANIN ( MgPc) 9SASLI SOTTKi BARYERLI
STRUKTURLARIN DUZLONDIRICi XASS9SIN® OKSIGENIN TaSIRI

Nazik tabagali SnO2/MgPc/Al strukturunda magnezium ftalosianinin oksigen atmosferinda istilik emalinin Sottki ¢aparinin
fotoelektrik xassalorina tasiri tadqiq olunmusdur. Alinan naticalar gdstarir ki, MgPc nazik tebagasini oksigenla asqarlamagla
onun asasinda dizsldilen strukturun xassalarini idare etmak olar.

M.M. ITanaxos, C.A. Cagpagnunos, /I:x.I'. I:xa66apos, b.111. Bapxanaos

®OTOIJEMEHT C BAPBEPOM IIOTTKHU HA OCHOBE OPTAHUYECKOT O IMOJYITPOBOJHHUKA -
OTAJIONINAHUHA MATHUA

B Hacrosmueit paboTe HpHBOIATCS pPe3yJbTaThl HCCIENOBaHHS BIMSAHHA TepMooOpaboTkn MQPC B kucinoponHoil atmocdepe Ha
¢dorosnekrpryeckue coictea 6aprepa [lorrku Al/MgPC B mieHounsix cTpykrypax Al/MgPC. TlonmydyeHHble pe3ysibTaThl OKa3bIBAIOT, YTO
JerupoBaHueM ieHKH MgPC KHCI0poIoM MOXKHO yIpaBIsATh CBOUCTBAMU CTPYKTYp Ha ocHoBe MgPcC.
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LONGITUDINAL MAGNETORESISTANCE OF SEMICONDUCTIVE FILM WITH THE
PARABOLIC POTENTIAL IN QUANTIZING MAGNETIC FIELD

Kh.A. GASANOV
Scientific-technical complex ““Informatika™

In this work longitudinal magnetoresistance in semiconductive films with parabolic potential in strong magnetic field are investigated. It
is shown that longitudinal magnetoresistance is nedative at certain value of the magnetic field. Its magnitude is determined by spin splitting.

The account of quantiation the electron motion in the
magnetic field unlike the classic theory leads to different
from zero the longitudinal magnetoresistance. The change of
the longitudinal magnetoresistance is caused by the fact that
in the quantum magnetic field the possibility of the charge
carriers scattering and Fermi level depend essentially on the
magnetic field [1-3]. The longitudinal magnetoresistance in
some region of the magnetic field may be negative, it has
been experimentally observed in the wide range of
semiconductors [4, 5]. The magnetoresistance sign, its value,
the nature of the temperature and field dependence have been
determined by m any factors, the band structure, the
relaxation mechanism and size of sample. In paper [6] the
existence of the negative magnetoresistance in the multilinear
semiconductors in the fixed region of the magnetic field both
for three and two-dimensional electron gas when has been
theoretically predicted, the sample thickness has been
compared with the diffusion length, which is connected with

7k

the account of the spin-orbit scattering of the current carriers
on the impurities. It has been also noted, that in the same
region of the magnetic fields in the non-degenerate case the
main contribution in to the anomaly magnetoresistance gives
the quantum correction to the magnetoresistance without the
account of the electron interaction, caused by the spin-orbit
interaction. Suggested in the present paper theoretically
research gives the alternative explanation to the negative
magnetoresistance of the semiconductive film with the
parabolic potential in the strong magnetic field, placed in the
film plane with the account of the spin-orbit interaction. It
has been established, that in some region of the magnetic
fields, the magnetoresistance of the non-degenerated electron
gas has the negative values. Besides the behavior of the
electron gas depends essentially on the spin splitting.

The electron energy spectrum of the conductivity in the
parabolic quantum well in the longitudinal quantizing
magnetic field has the form [7]:

h’k?

ENk by O = (N +%jha) +

Here Landaus gauge is chosen for the vector-potential

A(O X-H,0); @ characterizes the parabolic potential of
the film:

U - Mo x?
2
2 2 eH
0=q0, +to:.", o, =—
mc |
1
¢N(X_XO)= 11
4
mtag
where
h . TK )
8y = — i Xy =———-=——"agk,, Hyis the
mow ® Mo 1)

Ermitte polynomial.
The current density in the direction of the magnetic and
electric fields (H//j) is given by the following expression:

IS dk dk,

3)

—00

2
0 y
2

1
om ()

+ H
om oQug

lis the cyclotron frequency, ¢, is Bohr magneton, g is the

1
factor of the spin splitting, o = iz, N is the number of the

quantum level. The coordinate wave function, corresponding
to the energy eigenvalue (1) has the form:

Pk, (r)= gy (x=% )eXp(iky "y +ik, - Z) @

where

lwhere fi(¢) is the non-equilibrium addition to the Fermi
Derek spreading function, fi(&) is presented in the form:

of
(g) =2 |eE
o€
where 7y(g) is relaxation time in the quantizing magnetic

field. In the case of the scattering in the short-acting poten-
tial, the relaxation time m ay be present ed in the form [1]:

ik
fi(e)=— ©)
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74 (8)=17,"94 () ®)

where gy(¢) is the density of states, which for the charge |

carriers in the parabolic well in the longitudinal quantizing

magnetic field has the form:

LL mo ,BLZ
y —z X
gule)= : De—¢y, )P(-¢+ey, ) (6)
(e) 27 o, NZ;, " Neog
1 |coordinates for the conductivity o;, we obtain
Here &, =hw| N +§ +ogugH
Mma? o el -—Zj(g ey )7n(€) ~ %o g
@( X )is the Heaviside function, S = 5 >’ “" 27zh2 0y N o M 2 O¢
W, ENe
At the real concentration Fermi levels are located much (7)
2 In order to calculate )’ ,, we should divide the integration
belo 1) Ao
region on the energy from the region ——r to —(r +1)
expression for  the density of  states (6) Ko T K,

2

. ) and then performing the summation over I from 0 to oo.
may be considered equal to 1.

Thus, after the integration on the energy and the summation
on the spin we obtain:

QD(— E+ &y,

Applying formulae (3-6) and passing to the polar: |

L iarf[(NJrH}/)——J (ar +b)f ((N+r+}/) J

ry—a(NJrrJr}é)ALE
+In1+e : + 1 {(2ar+b [(N+r+}/) )
14 en—a(N+r+%)—§ N+r+1
b 1 + en—a(N +r+%)—%
—(2a(r +1)+ b)fo(a(N I+ 32)_ Ej +In = eH(MH%%% + (8)

1 n ezy—a(N+r+%)—% b
+1In a(r+1) alN+r+3/)+= |-
1+ e”ia(m”%%% N+r +/ 0( ( A) 2)

;7—3(N+r+%)+%
—ar+1—bfo(aN+r+3 —EJHn1+e 3/1b
( ( ) ) ( A) 2 1_'_877*3(“‘”*4%4

where This formula is true for the arbitrary degree of the
ho qu £ elnr electron gas degeneracy.

a= T’ , b= k%l' , 77 kT Oy = - S C) It is possible to sum N and I for the non-degenerated

0 electron gas, and this formula (8) can be presented the form

here n is the two-dimensional concentration.

e—g sh2 ach— 1 b
o, =0, ———2|(2- b)+ashy + 2+ 7(2h- a)e sh—lncth—

2z b

10
n® (1-¢°) o
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From the formula (10) it is possible to show, that the
region of the magnetic field and temperature exist, where
p(H)<p(0), (p(0)) is the resistance in the absence of the
magnetic field, i.e it has been establish negative
magnetoresistivity, magnitude of which depend on the value
of the spin splitting, unlike the negative magnetoresistance,
revealed for the three-dimensional case in the paper [3],
where the spin splitting can not done into account. It is shown
that longitudinal magnetoresistance is negative at certain
value of the magnetic field.

Supposing a>1, a>b, b<l, for the magnetoresistance

4p _ p(H)-p(0)

, we receive from (10):
p p(0)

4p _ b*(H)
p_ 4

gugH
2k, T

(11)

(5

Using the above-indicated formulae and numerous
calculations, it is possible to determine such physical
characteristics as the factor of the spin split, the parameter of
the quantum well ax.
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KVANTLAYIJI MAQNIT SAH9SIND® PARABOLIK POTENSIALLI YARIMKEGIRICi TOBOQANIN UZUNUNA
MAQNIT MUQAVIMaTI

Bu isda guicli magnit sahasinda parabolik potensialli yarimkegirici tabaganin uzununa magnit miqavimati tedqiq edilmisdir.
Tayin edilmigdir ki, magnit sahasinin musayyan oblastinda magnit migavimatinin deyismasi manfi olur ve bu spin pargalanmasi

ile baglidir.

X.A. T'acanoB

MPOJIOJIbHOE MATHUTOCOITPOTUBJIEHUE MOJYITPOBOJHUKOBOM IIVIEHKH C
ITAPABOJIMYECKHUM INOTEHIIMAJIOM B KBAHTYIOIIEM MAT'HUTHOM I10JIE

B paGore uccineoBaHO MPOIOJIIBHOE MArHHUTOCONPOTHBICHHE MONYMPOBOAHUKOBON IUICHKH € MapabojHYecKUM IMOTCHIHAIOM B
CHJIBHOM MarHUTHOM MOJIe. Y CTaHOBJICHO, YTO CYIISCTBYET 00JIaCTh MArHUTHOTO I10JIs1, T/I€ MArHUTOCONIPOTUBIICHUE OTPULIATEIBHO, IPUYEM
BEJIMYMHA MAarHUTOCONIPOTUBIICHHUS ONPEACIISETCS CIIMHOBBIM PACIICIUICHUEM.

Received: 19.05.03

14



FiZIKA 2003

CiLD IX Ne2

THE INFLUENCES OF THE SURFACE EFFECTS ON THE MECHANISMS OF THE
CURRENT PASSAGE IN THE SILLICON PHOTOELEMENTS WITH OPTICAL COVERINGS

R.S. MADATOV, V,G, GASUMOVA
Baku State University
Z. Khalilov st., 23, Baku, 370143

N.A. SAFAROV, G.M. AKHMEDOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

The influence of two-layer superface coverings of ZnS+Nd,O; on the volt-ampere characteristic (VAC) of sillicon photoelements is
investigated. It is established that in a result of the penetration of zinc atoms in the near-surface region of the silicon the compensation
degree of recombination centres increases. It leads to the bending of the band edges on the semiconductor surface. It, in turn, promotes the
creation of the fitted electric field of the directed p-n transition. It is supposed that the increase of photocurrent is caused by the decrease of
the velocity of the surface recombination in the result of the passivation of the surface levels.

The number of works [1-4] of the investigation of the
influence of the surface coverings on the collection
coefficient and efficiency of the sun elements is considered
in the ref (1-4). The results of these works allow to make
some preliminary conclusions on the effectivity of the
application of the optical coverings with the different indexes
of reflaction. However, the choice of the materials for the
optical layers is so limited that it is possible to solve the
given problem so that to obtain the minimum value of the
reflection coefficient. Among perspective materials for using
by the way of the antireflection coverings in the silicon sun
elements are SiO,, Ti,Os, ZnS and e.t.c., which have the high
transparency in the operating region of the spectrum.
Indisputably that the optimal optical characteristics should go
with the light resistance and ability to save unchangeable the
initial characteristics of the sun element. But, analogous way
of the decrease of the reflection coefficient has the some
disadvantages: the textured surface, obtained after the
treatment, is the absorbing for the absorption edge, in the
result of that the non-photoactive part of the sun light
increases; the presence of the high-speed surface states,
which are the recombination centers [4]. The given
disadvantages lead to the worsening of the volt-ampere and
spectral characteristic forms of the sun elements. In this
regard the investigation of the influence of the optical
coverings on the ascilation-recombination, and the surface
channels also in the sillicon p-n transitions can give the
information on the nature of the mechanisms of current
passage. In this paper the influences of the surface covering
on the volt-ampere characteristics of the sillicon sun elements
with the optical coverings ZnS+Nd,Os, relieved at the
different temperatures are studied.

The experiment methodology

The p-n transition have been prepared by the diffusion of
the phosphor in the p- type sillicon with the specific
resistance 20m-cm. The depth of the deposition of p-n
transition, the thickness of the sample and surface
concentration are  0.2mkm, 350mk and 10%cm?
correspondingly. The obtained elements have the short circuit
current is 0,52V and efficiency is 11%.

The antireflection coverings of ZnS and Nd,O; were
heated up after the purification by the plasma etching of the
top layer of the doped area of the element. The first layer of
the covering was the film of ZnS with thickness 70A, heated
up by the thermal way in the vacuum, the second layer is film
of Nd,Os, obtained by the ion-plasma evaporation with the
following thermal relieving at 400-450°C. The surface layer
resistance of the obtained films for the double-layer covering
(120A) was from 70 to 1000m/m?.

The results and discussion
The spectral curves of the reflection from the element

surfaces with double-layer covering ZnS+Nd,O; after the
stickness of the protective glass plate are presented on the figl.
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Fig.1. Spectral dependences of light reflection coefficient from
the surface of silicon photoelements with coverings:

The reflection curves from pure silicon (1) and the sillicon
with single-layer covering Nd,Os, SiO, for comparison of the
experimental curves shows that the more wide area of low
reflection can be obtained with the help of double-layer
covering of ZnS+Nd,O;3 in the visible region of spectrum.
This result well agrees with experiment dates on the
measured values of the short circuit photocurrent. As it is
shown from fig.2 the photocurrent increase for the elements
with the covering ZnS+Nd,O; (curve2) is the 60%
approximately. The output power of 1cm? of the sun element
and the filling factor VAC for the double-layer covering are
1.62mVt and 0.62, and for SiO, 10.1mVt and 0.65. The
values 1(0), A andRn calculated from load VAC by the
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method (5), are 10°A/cm?, 1.2 and 0.2 correspondingly for
the covering of ZnS+Nd,O; and 107A/cm?, 1.7 and 0.5 for
SiO,.

I:I T T

200 400

YV, mY
Fig.2. The load volt-ampere characteristics of silicon
photoelements with coverings:1. . SiO,; 2. ZnS+Nd,03

GO0

It followes to note that the character pecularity of the
obtained results is that ih them the nonload
photoelectromotive force doesn’t depend on the covering
nature, although moxwuo 610 661 OXHaaTh the increaseof
photoelectromotive force after heating up the covering of the
surface by the layer ZnS+Nd,0O; because of photocurrent
increase. However, this isn’t observed. It means that in the
real elements the photocurrent is defined by the mechanism
of the inverse current through the p-n transition (3). The
more essential contribution, besides of the warm generation
and recombination, leading to the increase of the diffusion
current, give the generations and recombinations in the
quazineutral parts of the p-n transition, and the leakages
trough the surface channels also.

For the calculation of the diode parameters lo, A, R,
(where A is the recombination coefficient in the p-n transition
region, | is the diffusion saturation current, R, is the shunt
resistance) the experimental VAC measured in the darkness
in the diode mode and the nonload mode are used (fig 3). The
calculation of VAC is made by the following formulae (1).

q(u+JR,)
AKT

u+Jr,

J=1J,-J,(exp ;
)/

-1)- 6]

This calculation allows to present visually the influence
of the consequetive and shunt resistances on the sun elements
propertie. This generation (1) is applied in the calculations in
case of the big currents only (J;>J,, where J4~107Alcm?,
Jo=10°A/cm?, and of the recombination mechanism of the
inverse saturation current passage through the p-n transition
also [5]. The calculation VAC of the sillicon photoelement
with coverings SiO, (1) and ZnS+Nd, O3 (2) are shown in the
fig. 3.

It was revealed that the plating of the surface layer
resistance 75 Om/m? leads to the decrease R, from 0,60m to
0.20m and the improvement of the form VAC of the p-n
transition. In addition, the shunt resistance of the elements
changes insignificantly.

Thus, the plating the optical covering of ZnS+Nd,O3; on
the surface of the sillicon photoelement decreases the
consequative resistance value and expresses the appreciable

16

influence on the coefficients J; and A. In addition, J, and A
are 10A/cm? and 1.3 correspondingly.

fraul
Lga)

——t—t———
2 40 4
"= = = == 8
1 2'] -
=L
E‘ -I.—'-‘I_—\-‘_._.L |_| "
o000 500 g ‘\ﬁ% 1000
-40
W, my

Fig.3. Calculated volt-ampere characteristics of silicon
photoelements with coverings, light — 1. . SiO,; 2.
ZnS+Nd,05; dark- 3.

The calculation on the light volt-ampere characteristics
allows to define the values of parameters J, and A, for those
values namelt, which are the character for the sun elements in
the operating mode. The calculation is made with the linear
dependence Ji~f(U,), where tga~(g/AKT), and the value
lgJy is cutted on the axis of ordinates (fig4).
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Fig.4. Dark (1) and light (2.3) Characteristics of silicon
photoelements with coverings: 1. . SiO,; 2.3. ZnS+Nd,03

As it is seen from the fig 4 and dependence ?

The calculated values J and A for the samples at the low
voltages are 10°A/cm? and 2.5, 10°A/cm? and 2.5; and at the
high voltages are 10°A/cm? (and 1.2, 10°A/cm? and 2
correspondingly. The comparison of the values J,, A and Rn
shows that plating the optical double-layer covering of
ZnS+Nd,0; leads to the decrease of Jy, R, and A, which
mainlydepend on properties of the interface metal-
semiconductor [1]. It is need to take into consideration that
volt-ampere characteristics of the photoelement with the wide
transition is true only for the definite voltage value (i.e. near
the operating point of the photoelement). However, the
influences of the surface recombination on the
photoelements’ characteristics don’t take into consideration
in it. The comparison of the values Jo, A and R, for the
photoelements with the optical coverings SiO, and
ZnS+Nd, 03 shows that the dark VAC differ insignificantly at
the low voltages, (Jin...Jo), but light characteristics differ
strongly at the high levels of lightening. The such significant
change of VAC structure at the plating of the layer
ZnS+Nd,03 can show that atoms of the zinc, ionized by the
lightening action diffuse intensively into the sillicon near
lighted surface.

Aaaaathe combination of the obtained dates on the base
of the electric, photoelectric and optical measurements bear
on that in the sillicon photoelements with the optical
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coverings ZnS+Nd,O3; the creation of the electro- isolating layer occures with the polarized states on the Si
compensated layer in the surface area of the sillicon is the  surface accordingly. This layer, in turn, can promote to the
one of the possible reason of the observed changes of the acceleration of the zinc ions migration in the Si volune and
recombination parameters of p-n transition. At the lightening  the creation of the fitted electric field of the directed p-n
the balance brakes and the photostimulated diffusion of the transition.

zinc occures, in the result of which the compensation degree In the result of the made investigation it can make the
of the recombination centres increases that in turn leads to  following conclusions:

the bend of the edges of the band on the semiconductor 1) The efficiency can be increased from 10 to 15% because

surface. In addition, the surface recombination velocity of the decrease of the reflection in the spectrum region
increases from 10° to 10°cm/c [6]. 0.4-0.8mkm at the plating of the double-layer covering
Judging by the investigations of VAC and effect of the ZnS+Nd,0; on the surface of the sillicon photoelements.
field also, carried out in [4], the increase of the efficiency 2) The experimental photoelements have the low consequent
with the covering ZnS+NdOs is caused by the decrease of J resistance and the well volt-ampere characteristics in
and A in the area of the average voltages, where the sun comparison with the photoelements with SiO, coverings,

element works. Thus, at the plating of ZnS+Nd,0O; on the

o - : . having the same depth of the deposition of p-n transition.
sillicon sun element surface in distinction of SiO, the thin

[1] A.M. Vasilyev, A.P. LandsmanO. Poluprovodnikoviye [4] G.B. Abdullayev, M.Ja. Bakirov, G.M. Akhmedov, N.A.

fotopreobrazovateli. M. Sov. radio, 1971, p.246 (in Safarov. Geliotekhnika, 1994, Nel, p.14-16 (in Russian).
Russian). [5] V.M. Yevdokimov. Geliotekhnika, 1972, Ne6, p. 16-20
[2] M.M. Koltun. Selektivniye opticheskiye (in Russian).
poverkhnostniye preobrazovateli, M. Nauka, 1979, [6] I.P. Gavrilova. Geliotekhnika, 1972, Ne6, p. 23-27 (in
p.104 (in Russian). Russian).
[3] V.A. Rodzkov, A.l. Petrov, M.B. Shalimova. Pisma v [7] R.S. Madatov, N.A. Safarov, G.M. Akhmedov.
DzTF, 1994, v.20 v.12, p.c.43-46 (in Russian). Koud.TPE-2002, 23-25 anpens, 2002, c¢.439-441(in
Russian).

R.S. Madatov, V.Q. Qasimova, N.A. Safarov, Q.M. hmadov

OPTIK ORTUKLU SiLiSiUM GUN9$ ELEMENTLORIND® COROYANKEGMS
MEXANIZMIN® SOTH EFFEKTLORININ TOSIRI

Silisium fotoelementi tizerina ¢akilmis ZnS + Nd,O3; sath értlylnin VAX-na tasiri 6yranilmisdir. Mayyan edilmisdir ki, sink
atomlarinin  silisiumun sathina diffuziyasi naticasinde rekombinasiya markazlerinin kompensasiya deracesi artir. Bu ise,
yarimkegiricinin sathinde zonanin ayilmasina ve kegide dogru yonalmis elektrik sahasinin yaranmasina sabab olur. Farz edilir ki,
fotocerayanin artmasina sabab, sath saviyyalarinin passivlesmasi naticesinde rekombinasiya siratinin azalmasidir.

P.C. Maparos, B.I'. I'acymoBa, H A. Cadapos, I''M. Axmenos

BJIUAHUSA IOBEPXHOCTHbBIX D®@PEKTOB HA MEXAHUW3MbI
TOKOINPOXOXKIAEHUA B KPEMHUEBBIX ®OTO3JIEMEHTAX
C OITHYECKUMHU NOKPBITUAMU

HccenenoBano BIHMSHHE IBYXCIOWHBIX MOBEPXHOCTHBIX MOKpbITHi 3 ZnS+Nd,O; Ha BombT-ammepryio xapaktepuctuky (BAX)
KPEMHHEBBIX (DOTOIIEMEHTOB. Y CTaHOBICHO, YTO B Pe3yJbTaTe NIPOHUKHOBEHMS! aTOMOB IIMHKA B MPHUIIOBEPXHOCTHYIO 00JACTh KPEMHUS
BO3pacTaeT CTENeHb KOMIEHCAIMY PEKOMOMHAIIMOHHBIX IIEHTPOB, YTO MPUBOAUT K M3THOy KpaeB 30HBI HA IIOBEPXHOCTH IOJIYTIPOBOIHHKA.
3710, B CBOIO OYepeb CHOCOOCTBYET CO3JaHUIO BCTPOSHHOTO 3JIEKTPHUYECKOTO MO HampaBlIeHHOTo p-N mepexoxa. [Ipexnonoraercs, 4ro
pocT ¢oToToKa 00yCIOBICHAa YMEHBIIEHHEM CKOPOCTH IIOBEPXHOCTHOM PEKOMOMHAIMM B pPE3yNbTaTeé MACCHBU3ALUHM MOBEPXHOCTHBIX
ypOBHEIl.
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ABOUT DOMAIN WALL MOTION IN A SURFACE STABILIZED FERROELECTRIC
LIQUID CRYSTAL

H. F. ABBASOV
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The domain wall motion was investigated in «the semiconductor — ferroelectric liquid crystal — metal» structure, occurring under action

of an electrical field in the surface stabilized ferroelectric liquid crystal.

Due to unique properties the ferroelectric liquid crystals
[1] are widely applied in engineering that, in turn, has caused
wide research of these materials. Such properties are the best
threshold and time characteristics of the surface stabilized
ferroelectric liquid crystal (SSFLC), which strongly depend
on surface conditions of electrodes, with which the liquid
crystal contacts.

In the given work the domain wall motion was
investigated in «the semiconductor — ferroelectric liquid
crystal - metal» structure occurring under an electrical field in
SSFLC.

As a liquid crystal the mixture having the ferroelectric
phase in a wide temperature interval, consisting of:

CyHy3-(0 ) - CO040 - OCHs 48%

CioH; 0-(0 -CO0-{0 ) -OC4Hy 48%
Y CH;

(-0 -::H=<:}-(|:H3 (chiral dopant) 4%%
EHg H;

and with the following phase transition temperatures:

62°C

0 0 0
C«255S < 5S , <2 5Ch« 2|
has been used.

In structure as the semiconductor was used p-type Si, and

as the metal electrode was used SnO..

Transmittance (a.u.)

T T T |
10 -5 O 5 10 UV
Fig.1. Light transmittance in an arbitrary units as a function of an
applied voltage for the switching process under a bipolar

rectangular voltage wave at the frequency v=0.01 Hz and
amplitude Uy=10 V.

To obtain a homogeneous orientation of SSFLC the
surface of electrodes was preliminary treated by polyimide

lacquer and subsequently rubbed in one direction [2]. It must
be noted that the semiconductor essentially improves the
quality of orientation. The cell thickness is about 4,8 um, an
effective area is 152mm? The tilt angle of molecules
measured at temperature 39°C by polarizing microscope is
18°. The spontaneous polarization has been measured by the
triangular pulse method [3] and at above mentioned

Cl

sm?

The experiment was carried out in the set up on the basis
of polarizing microscope. The light transmittance of the cell
was measured by the photo multiplier, the signal from which
was registrated by the oscilloscope. Under an electrical field
action the Clark-Lagerwall transition takes place [4]. As well
as known, the electrooptic effect occurs in two stages: at first
at low voltage the bulk switching (I) takes place, and then at
high voltage the surface switching — the domain wall motion
(1) takes place (fig.1). From this oscillograms, which are
received at different values of the applied voltage, the
switching time was determined (fig. 2).

25 5

temperature it is 0.5

20 A

14 1

1,5

10

I:I T T
a 5 10
uv

Fig.2. The dependence of the switching time on the applied
voltage.

As seen from figure 2, the switching time decreases with
increasing of the applied voltage. By drawing this
dependence in logarithmic scale we have established, that the
dependence 7(U) has the form ~~U™

In order to explain the obtained results, we propose the
following model. Let Sy, is an effective area, where we
observe the domain wall motion, n(t) is a number of domains
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in this area and S(t) is the area which is occupied by domains
at the given moment, dS is the increment of the area of all
domains. It is clearly that dS is proportional to the domains’
free area (So-S), to the total increment of the all domains area
ndS’ and inversely proportional to the already occupied by
domains area S, i.e.

S-S

dS=c ndsS’ (1)

where C is a coefficient of proportionality.
Let's take into account, that the area increment of the
domain having the circular form of radius r looks as

dS’ = 2zrdr = 270t - odt = 270 *tdt

The domain wall velocity depends on a direction.
Therefore the averaged domain wall velocity determined as

U =,/y, - U, is used at the calculations, where the signs ||

and L belong to the case of motion in the direction parallel
and perpendicular to the smectic layers, accordingly.

It is obviously also, that the number of domains is
inversely proportional to the time, as they covered each other:

c
~ — . After the integrating of (1) we obtain:
t

S t '
j 5 45— j 2704 Lt @)
0 S0 -3 0 I
'—2
.n[l_i]+i= _2Co’t ‘)
0 S0 S0

where, C’=c¢’.

S
The expanding  of the expression In[l—s—j in a
0
series at S=0 and neglecting of the high order members gives:

2
Sof S _ocpt 4
2 (s,

At complete switching, when the domains occupy all
effective area, i.e. S=Sy and t=rz, we obtain

s, 1
T axC o2 ©)

T

The theoretically predicted dependence of the domain
wall velocity on the applied voltage U is linear [5-7]:

v=—-U (6)

where, P is the spontaneous polarization, 7 is the rotational
viscosity, N is the parameter that describe the surface.

Then we obtain the following expression for switching
time

2
f:cg—z (7)
2
0

where, C = is a coefficient which depends on the

surface state.
Thus, the proposed model correctly explains the
dependence 7(U) obtained experimentally.
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H.F. Abbasov

SOTHLO STABILLOSMiS SEQNETOELEKTRIK MAYE KRiISTALDA DOMEN
SORHODLORININ HORSKSTI HAQQINDA

«Yarimkegcirici-seqnetoelektrik maye kristal-metal» strukturunda sethloe stabillagsmis seqnetoelektrik maye kristalda elektrik
sahasinin tasiri altinda Klark-Lagervol effekti bas verdikde musahide olunan domen sarhadlarinin harakati 6yrenilmisdir.

X.®D. AdodacoB

O IB’)KEHUH TJOMEHHBIX 'PAHUII B IIOBEPXHOCTHO CTABUJIN3UPOBAHHOM
CETHETOQJIEKTPUYECKOM KHJIKOM KPUCTAJLJIE

B pabote OBbUIO M3ydYeHO IBIDKEHHE NOMEHHBIX TPAHHI[ B CTPYKTYPE <«IIOTyNPOBOAHHK-CETHETOINEKTPHUCCKUH >KUIAKHNA KPHCTAI-
MeTaJ», IPOUCXOJIIEe O ACHCTBHEM IEKTPHIECKOTO 0N B MOBEPXHOCTHO CTaOMIM3HPOBAHHOM COCTOSHHU CETHETOIEKTPHIECKOTO
KHUIKOTO KPUCTAJLIA IIPU OCYIIECTBICHUN B HeM 3¢ dexra Kiapka-Jlarepsora.
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OPTICAL MODEL ANALYSIS OF NEUTRON ELASTIC
SCATTERING ON CARBON

Kh.Sh. ABDULLAYEV, M.Sh. MAMEDOV
Baku State University, Baku 370145, Z. Khalilov st., 23

The calculation of the optical model of neutron scattering for C* nucleus in the energy region of 4-14MeV has been carried out. To
estimate a compound elastic scattering at low energies, the Hauser-Feschbach formalism has been used. A good agreement is obtained at

higher energies.

In the present paper in order to explain the neutron
scattering on the C*? nuclei, the prediction of optical model of
nucleus has been investigated more thoroughly. The obtained
results are in a good agreement with the experimental data in the
neutron energy region of 6.5-14MeV.

Recently the estimation of sections of neutron interactions
with nuclei by different model predictions is of great interest.
For average neutron energies and for medium and heavy
nuclei, the use of the nucleus optical model gives rather
reasonable results [1, 2]. However, to estimate the neutron
data for relatively light nuclei, the use of such a model needs
additional investigations. This is attributed to different
experimental data for supporting points on the one hand, and
also to necessity for improvement of the optical potential on
the other hand. In the present paper to determine the neutron
energy region and to obtain the appropriate optical
parameters, the estimation of the data on C*? by the nucleus
optical model has been carried out.

For neutron energies lower than 4MeV, the optical
parameters account the experimental data on light nuclei
insufficiently indicating a low energy limit for the optical
model. A good data agreement at neutron energies of 6.5-
14MeV can be used to compensate for missing experimental
data as the optical parameters in this energy region smoothly
vary with energy. However, the obtained optical parameters
are somewhat inaccurate due to a lack of the experimental
data in the energy region considered.

The optical potential has been used in the following form [3]:

V( r ) = _VCRVCr( r ) - iVIMVim( r ) _VSOVso( r )(5-6)
),

= Woods-S f 2
1+exp[r—Rl/a]( oods-Saxon form) (2)

and v, (r) is the surface absorption form factor

r-R,\
v,,(r)=exp —( » 2 j (the Gaussian form) (3)

The spin-orbit term is

h \'1d
Vgo(F)=— - Favcr(r) (the Thomas form)  (4)

R =r A"”; R,=r A" (5)

where A is the mass number of the target nucleus.

In the present paper r,, and r; are equal to the value of .
The R=roA"® is equated to the nuclear radius. Using the
above potential (1), a following set of optical parameters i.e.
Vers Vi, Vso, @, b and ry has been obtained.

The slight parameters changes are explained by different
values of experimental cross-sections. However, to reveal the
dependence of optical parameters on neutron energy is
difficult due to interrelation between the optical parameters
themselves. Moreover, at different neutron energies the
change of optical parameters is not the same.

For calculation, a special computer programme was used.
In this programme the search of parameters was realized by
minimization of the following function:

T A e
23T W T e

]

where Ao is the experimental error of the o value.

The given programme also contains the Hauser-Feschbach
formalism where the cross-section data are assumption of
compound neutron elastic scattering.

The fitting process for obtaining the optical parameters
was carried out at neutron energies of 4.50; 7 and 13MeV.
The data for the other energies were obtained at linear
interpolation. The fact that for the carbon nuclei the
experimental data on the total cross-section strongly vary at
the neutron energies of 4.8; 5.3 and 8MeV indicates that the
corresponding optical parameters should not be considered as
absolute.

For neutron energies lower than 7MeV the Hauser-
Feschbach formalism with the following energy levels for C*?
was used [4].

E(MeV) | T MeV g
0 0 -6.134 3
6.052 0 6.916 2
6.047 T 7.121 1T

The calculated cross-section values and the experimental
data are shown in Table 1. It is seen from the Table 1 that
there is a good agreement for values at neutron energies more
or equal to 6MeV.

A significant variation of near 8MeV indicated that the
optical model prediction for this energy cannot be considered
sufficient. However, as seen in table 1, the given data are in a
good agreement.
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Table 1. For the purpose of calculation, the experimental data on
|\/I|Een\/ GTeXD 5 Gial 5 O_eelxp 5 J;a' 5 inelastic cross-sections were obtained in the following form:
4,50 1,43 +0,05 1,43 1,55 1,42 _

500 | 145+007 | 145 1,12+015 1,18 Cronel = 97 _J. 0 (0)de2,
5,50 1,50 £ 0,07 1,50 0,97 1,25
6,00 1,41 1,41 1,35 1,33 These data, as compared to o, are inaccurate due
7,00 | 1,39+0,04 1,39 0,97 0,86 .
8,00 137006 137 0.95 0.84 inaccuracy of the o, values.
9,00 | 1,45+0.04 1,45 1,05 0,93 The optical parameters obtained for different neutron
10,00 | 1,42 40,06 1,42 1,03 0,89 energies are tabulated in table 2.
11,00 | 1,46 0,03 1,46 1,01 0,87 In calculation the interpretation of R=r,A* as the nuclear
12,00 | 1,47 +0,05 1,47 0,97 0,83 radius is somewhat inaccurate the as ry value slightly changes
13,00 | 1,51 40,07 1,51 0,89 0,87 for different neutron energies. It should be noted that if ry
slightly differs from ry, the obtained parameters values are
practically unchangeable.
Table 2.
E,, MeV Vcr, MeV Vim, MeV V5o, MeV a, f B, f ro, f
4,5 32,2 1,9 8,3 0,72 0,90 1,10
5,0 34,5 2,0 7,6 0,50 0,98 1,27
5,5 35,3 2,2 8,5 0,51 0,97 1,35
6 38,1 2,2 8,1 0,53 0,99 1,41
7 41,0 2,1 7,3 0,52 0,95 1,38
8 40,3 2,2 8,0 0,53 0,91 1,37
9 42,1 2,1 4,8 0,55 0,86 1,28
10 43,2 2,2 4,4 0,61 0,83 1,25
14 50,4 7,4 51 0,65 0,78 1,20

The neutron size as compared to that of nucleus can be
neglected in the case of heavy nucleus nuclei, while for the
light C*2 nucleus it is unreasonable. Probably, this fact can
explain the energy dependence of Vcr and ry, parameters
(table 2). It has been found that with increase of neutron size

relative to the target nucleus the ry value also increases, while
the value of Vi decreases.

The increase of V), with neutron energy conforms with
theoretical predictions, on the base of the exclusion principle.

[1] D.M.Annand, R.F.Finlay. Nucl. Phys., 1985, v. A443,
p.249.

[2] G.V.Anikin, I.I.Kotukhov. Atomnaya Energiya, 1986, 54.
(in Russian)

(3]
[4]

Vu L.L., Overley J.C. Nucl. Phys., 1979, v.A324, p.160.
W.Hauser, H.Feschbach. Phys. Rev., 1952, v.37, p.366.

X.$.Abdullayev, M.S.Mammadov

KARBON NUVOSINDSN NEYTRONLARIN SOPILM3SIiNIN OPTIK MODELS GORS TOHLILI

C" niivesi Ucln neytronlarin sepilmasinin optik modele gére hesablanmasi yerina yetiriimisdir. 4-14 MeV energi intervali
gOturtlmisdar. Asagr enercilor tiglin kompaund elastiki sapilmani giymatlandirmak maqgsadile Hauzer-Fegbah formalizmindan
istifade olunmusdur. Yaxsi uygunluq hallan yiksak enercilar t¢ln alinir.

X.II. Aoaynnaes, M.III. Mamenos

AHAJINA3 YIIPYT'OI'O PACCESIHUSI HEUTPOHOB HA ATOMAX YIJIEPOJA ITPU ITIOMOIIU
ONTUYECKOMI MOJEJN

IIpoBEEHO BEIYMCIICHHE 110 ONTHYCCKOM MOJEIH PACCEsHIs HEHTPOHOB u1st siapa C'2, PaccMaTpuBaics SHEpreTHUeCKUil HHTEpBa
4-14MeB. Tlpym HHM3KHMX SHEPrusx Ul OLEHKM KOMIIAyHJHOTO YIPYToro paccesiHusl npuMensuics ¢opmanm3Mm Xaysepa-Dembdaxa.

Xopoliee corjlacoBaHHE MOIY4aeTCs MPH BBICOKUX SHEPTHSAX.

Received: 22.05.03

21



FiZiKA

2003

CiLD IX Ne2

TlHINS; <Mn> - NEW RELAXOR FERROELECTRIC

O.A. SAMEDOV
Institute of Radiation Problems of Azerbaijan National Academy of Sciences
31a, H.Javid av., Baku - 1143

It was shown TIInS, doped 0,1at.% Mn displays all idiosyncrasies of relaxor ferroelectric. The temperature range of a steady relaxor
(nanodomain) state and temperature of phase transition in a ferroelectric (makrodomain) state attended by anomalies of polarization and

pyroelectric properties was defined.
1. Introduction

The analysis of the dielectric constant temperature
dependence &£(T) in the phase transitions region of TIInS,
crystal shows that this dependence has different forms for the
samples taken from various technological batches. It is found
in [1] that the different forms of &(T) result from the fact that
TlInS, crystals relate to the berthollide class, i.e. the
compounds with composition rearrangement occurring during
the growth process. However, this peculiarity does not lead to
smearing of the phase transitions, and the dependence £*(T)
obeys the Curie-Weis law [2, 3] with a constant of 2107 in
the large frequency range going from Kkilohertz to
submillimeter lengths. The neutron-diffraction research has
also established [4] that TIInS, compound is an improper
ferroelectric with incommensurate phase.

The temperature region, where instability of TIInS,
crystal lattice is observed, is very sensitive to the trivalent
cationic impurities of different ionic radius and coordination
numbers. Moreover, for some impurities one observes the
increase of phase transition temperatures while for others one
obtains the decrease of them (the results of this comparative
research have now been submitted for publication). It is also
interesting to investigate the nature of these phase transitions
in TIInS; crystals. The transition metals of iron group are the
multicharged impurity ions and can form the deep centers of
strong localization that are capable to strong interaction with
highly polarizable TIInS, crystal lattice.

In this paper we present the results of study on dielectric,
polarization and pyroelectric properties of TIInS,<Mn>
crystals.

2. Experimental Technique

The TIInS, crystals were grown by the modified
Bridgman-Stockbarger method. It was not observed any
anisotropy of dielectric properties in the plane of layer. The
measurements have been carried out on the crystal faces cut
out perpendicularly to the polar axis. The crystal faces were
planished, polished and then covered by the silver paste. The
dielectric constant ¢ and the tangent tgs of the dielectric
losses angle were measured by the alternating current bridge
E7-8, E7-12, P5058 and Tesla BM560 at the frequencies
1kHz, 1MHz, 10kHz and 100kHz accordingly in the
temperature region 150-250K.

The velocity of temperature scanning was 0.1 K/min. The
dielectric-hysteresis loops have been studied at the frequency
of 50Hz using modified Soyer-Tauer scheme. The pyroeffect
has been investigated by the quasistatic method using
universal voltmeter V7-30.

3. Results

The dielectric constant temperature dependencies &T) of
both TIInS; (curves 1, 2) and TlInS,<Mn> crystals (curves 3,
4) are presented in fig. 1. The curves 1, 3 correspond to the
cooling regime; the curves 2 and 4 are obtained at the heating
regime. As it is seen from Figure 1, the well-known [3]
typical sequence of the phase transitions was observed on
TlInS, crystals (curves 1, 2). One sees the paraelectric-
commensurate phase transitions at 216K, and two additional
transitions at 200 and 204K. Last two transitions were most
likely caused by the rearrangement of the modulated
structure; their nature was widely discussed in [5]. The final
transition to the polar phase occurs at 196K.

The dependence &(T) can be described by the Curie-Weis
law with the Curie constant of C*=5.3.10°K in the
temperature region T-T; (216)<50°. The anomaly at 196K
appears during the crystal cooling where all peaks are strong
enough and there is no any signs of smearing. As one can see
from the Figure 1, the dielectric hysteresis for TlInS, crystals
is observed only at the temperature about 196K (and not at
the maximum of the curves). The thermal hysteresis of the
doped samples is situated at the temperature T,
corresponding to the maximum of &T) curve) and is about
2K (curves 3 and 4 in Figurel).

TO0
GO0 |
a00
400 |
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Oi el ectric constard
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170 190 210 20 250 i)
Temperature (K]

Fig.1. The dielectric constant &(T) temperature dependencies.
Curves 1, 2 - the dependencies &(T) of TlInS, crystal
(1-cooling; 2-heating); Curves 3, 4 — the dependencies
&T) of TlInS,<Mn> crystal (3-cooling; 4-heating).

The dielectric constant temperature dependence &(T) is
significantly different in this temperature region for (T1InS,);.
«(Mn), crystals, where x=0.001. The dependence is strongly
blurred, and the phase transitions move by 10K towards the
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lower temperature region. The region of incommensurate
phase with two anomalies at 190K and 209K becomes wider.
It is natural in this case to explain the reason of such radical
change of the dependence &(T) for 0.1-mol% Mn doping.

It is known [6, 7] that the composition fluctuation is the
main reason of smearing of phase transition temperatures.
However, not all kind of defects and increase of their
concentration can cause the smearing. According to [8] the
smearing is determined by the defects having dipole moments
that create the electric fields and electric field gradient in the
adjoining regions of the crystal. In addition, since TIInS, is a
semiconductor, the doping of impurities creates the
corresponding centers of charge carrier localization that can
create the local electric fields stimulating generation of the
induced polarization near the phase transitions [9-11]. An
important peculiarity of the ferroelectrics with smearing
phase transitions is the fact that the dielectric constant at
temperatures higher than Ty, changes not in agreement with
the Curie-Weis law of &*(T)=C*(T-T,) but in accordance
with the law of £(T)= = A+B(T-To)°.

In THnS,<Mn> crystals was observed significant
frequency dispersion and growth 7, with growth of
frequency f. The increase Ty, with growth of frequency is well
described by the Vogel-Fulcher law (fig.2), interpretive as
temperature of static freezing electrical dipoles or transition
in a condition of dipole glass [12, 13].

The investigation of polarization properties of
TlInS,<Mn> shows that the dielectric hysteresis loops are
observed below 175K and the maximum value of
spontaneous polarization, Ps, for such loops reaches  4-10°
8C/cm?®. The value of P, for non-doped TIInS, crystals is
equal to 1.8:107 C/cm® The value of Ps in the temperature
region from 175 to 210K is 1.5-10C/cm?.

The investigation of the dielectric constant frequency
dispersion has been carried out at the frequencies of 1kHz-
1MHz. No temperature shift for the maximums of &(T) curves
in TlInS, crystals was observed, while the shift of the
smeared maximums of &(T) curves for TlInS,<Mn> crystals

is equal to 3K.
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Fig.2. The dependence (Infy— Inf)™ from T,, for THINS,<Mn>,
illustrating performance of the VVogel-Fulcher law.

1635 173

The temperature dependencies of the pyroelectric
coefficient (T) of TlInS, (curve 1) and TlInS,<Mn> crystals
(curve 2) are presented in fig.3. The measurements were
carried out in the quasistatic regime and the pyroelectric

23

coefficient was calculated using the following equation:
y=JIA-dT/dt, where J is the pyroelectric current, A, is the
area of the electrodes, dT/dt is the heating rate. The
measurements were carried out on the samples, which were
preliminary polarized in the external electric field. The
dependence {T) for the pure TIInS, crystal has one peak only
with the maximum value of 1.4-107 C/K-cm? at 196K. Two
anomalies at 190K and 174K are observed for A(T) of
TIINS,<Mn> crystal.

2
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Fig. 3. The temperature dependence of the pyroelectric
coefficient. Curve 1 - TlInS; crystal; Curve 2 -
TIINS,<Mn> crystal.
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Fig. 4. The dependence of conductivity ¢ from 1/T for
TIINS,<Mn> crystal.

The temperature dependence of conductivity on frequency
1 kHz is shown in fig. 4. It is visible, that the conductivity
has thermoactivated character, and can be described by the
Mott law: o=0c.exp[-(U/KT)"], where U - the energy of
activation, k-Boltzmann constant, v-parameter depending on
the mechanism of conductivity. It is known, that the
parameter v is approximately equal 1 at the zoned mechanism
of conductivity, and in a case of hopping conductivity it lays
within the limits of 0,2<v<0,5.

In an 175-190K interval of temperatures conductivity has
thermoactivated character, is satisfactorily described by the
above-stated Mott law with a parameter v equal 0,25, that
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corresponds thermoactivated hopping to the mechanism of
conductivity. Thus on dependence fig.4 it is possible to pick
out 3 temperature areas described by various mechanisms of
conductivity. The high-temperature area corresponds to the
zoned mechanism of conductivity. The temperature area 175-
190K- thermoactivated hopping, and area is lower 175K-
hopping to the mechanism of conductivity. The estimation of
length of a jump shows, that this distance is approximately
equal 100A° that corresponds to jumps of carriers between
nanodomain by inclusions.

4. Discussion and Conclusion

The analysis of figures 1-4 allows one to state that
TlInS,<Mn> crystals reveal all peculiarities that are typical
for the relaxor ferroelectrics. The doping of TlInS, crystal by
Mn cations leads to smearing of phase transitions, and the
frequency dispersion of dielectric constant is observed.
Moreover, the elongated dielectric hysteresis loop is observed
in the smearing region of the phase transition, and the
temperature dependence of the dielectric constant in the
region of high temperatures is described not by the Curie-
Weis law but according to the (&')'=A+B(T-T,)? functional
form.

The smearing of phase transitions and other ferroelectric
peculiarities of TlInS,<Mn> crystal are undoubtedly caused
by the structure disorder that leads to the appearance, in a
wide temperature region, of local symmetry distortions and
internal electric field. Although the phase transitions in
TIInS, crystals are under investigation for a long period of
time the satisfactory understanding of physical mechanisms
of the processes taking place in the crystals and the
unambiguous interpretation of the observed phenomena does
not exist. It may be caused by the fact that, during the
investigations of phase transitions in TIInS, crystals, not
enough attention was paid to the semiconductor properties of
these crystals. This is especially valid for the crystals doped
by the cationic impurities. These impurities can form the
capture levels (traps) at the bottom of the conduction band.
One has to consider two processes: charge carrier localization
on the local centers, and their influence on the phase

transitions. This issue was considered by Mamin [9-11],
where it was shown that the thermal filling of traps could lead
to an intricate sequence of phase transitions as well as to the
appearance of an unstable boundary state between the phases
(incommensurate-commensurate).

The dependence {(T) shows the peak at 175K, and there is
no peak of &(T) at this temperature (compare figures 1 and 3).
According to [11] this peculiarity is typical for the relaxors. It
may be explained by an assumption that the oscillation
frequency of the induced polarization is determined by the
characteristic relaxation time not only of the lattice
subsystem as it takes place in usual ferroelectrics but also by
the relaxation time of the electronic subsystem. Naturally, the
characteristic time t,, for the change of the order parameter n
and the characteristic time z, for the change of the electron
concentration m in the traps are significantly different
(z/Tm<<1). Using this assumption the author of [11]
investigated the mentioned above problem by separation of
fast and slow processes. As a result it has been established
that the effective temperature T, of the phase transition is
shifted to lower temperatures due to thermal filling of the
capture levels. In our experiments this temperature
corresponds to 175 K for the crystals of TlInS,<Mn>. When
the localized charges create the local electric fields the
spontaneous polarization in the weak external fields in the
separate microfields will be directed to the different
directions in compliance with space distribution of the
localized charges. Therefore, the hysteresis loop in the
temperature region 175-190K is observed as narrow and
stretched. And according to the same reason, we did not
observe the peculiarities in the dependence &(T) connected
with phase transition at the temperature T,

Thus, the doping of TlInS, crystals by Mn leads to the
appearance of the temperature region in which the crystals
show all peculiarities that are typical for the relaxors. The
phase transition from the relaxor (nanodomain) to the
macrodomain (ferroelectric) state occurs at the temperature
175K. The jump in the temperature dependence HT)
corresponds to this transition.
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0.9.Samadov
TlinS, <Mn> — YENi RELAKSOR SEQNETOELEKTRIK

Gosterilmisdir ki, 0,1 at.% Mn askarlanmis TIInS, kristali relaksor seqgnetoelektriklor Ugln xarakterik olan bitin
xususiyystlera malik olur. Dayanigli relaksor (nanodomen) halinin varliq temperatur intervali ve seqnetoelektrik (makrodomen)
halina kecid temperaturu piroelektrik xassalerinds alinan anomaliya géra muayyen edilmisdir.
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O.A. Camenos
TIInS, <Mn> - HOBBIA PEJIAKCOPHBIN CETHETODJEKTPUK

Tokasano, uto TIINS,, nerupoBanueiii 1l ar.% Mn mposiBisier Bce XapakTepHble OCOOCHHOCTH PEIAKCOPHOTO CErHETORJICKTPHUKA.
VcraHoBieHa TeMIiepaTypHasi 00J1acTh CyLIECTBOBAHHS YCTOYMBOIO PelIakCOpPHOro (HAHOJZOMEHHOI0) COCTOSIHUS M TeMmrieparypa (ha3oBoro
mepexoga B CETHETOINEKTpUYecKoe  (MaKpOZOMEHHOE) COCTOSIHHE,  CONPOBOXKIAEMOE  AHOMAIMAMU  IOSPH3ALMOHHBIX U
MTUPOAJIEKTPUIECKUX CBOHCTB.
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REACTIVE CHARACTERISTICS OF OPTONEGATRON ELEMENTS
ON THE BASE OF LOCAL POLYCRYSTALLINE SILICON FILMS
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e-mail: ssddb@azerin.com, tel: (99412) 621736

A.A. MAMEDOV
Azerbaijan Technical University, 370073, Baku, H.Javid ave. 25

Abstract. The capacitance-voltage characteristics of local polycrystalline silicon films were investigated in the frequency range 0,465-10
MHz. A transition in the character of reactive conductivity from capacitance to inductive behavior was discovered under influence the illu-
mination the inductance transformed back into a capacitance and the negative resistance region disappeared from the current-voltage curve,

consequently local polysilicon films are the optonegatron elements.

It is shown that inductivity phenomena in polycrystalline silicon films occur by processes of recharging of deep levels.
Optonegatronics, polycrystalline silicon films, reactive conductivity, inductivity, capacitance, deep level.

1. Introduction

Recently disordered structures have received much atten-
tion from designers of active devices as they offer an increase
in functional possibilities per unit volume of electronic devices
without an increase in the packing density of integrated cir-
cuits. Among the structures under consideration are amorphous
semiconductors in which a phase transition takes place because
of the action of different modes of excitation. This is followed
by negative resistance and phase transition phenomena [1] by a
transition of capacitive reactivity into inductive behavior [2]
and possibility to form the optonegatron elements [3].

Of particular interest is the investigation of such phenom-
ena in polycrystalline silicon (poly-Si) films, because silicon
is the basic semiconductor material in microelectronics. Use
of the technique of local growth of poly-Si films during the
epitaxial formation of monocrystalline silicon [4] makes it
possible to form elements with data processing circuits on the
same chip. For example, according to [5], locally grown
poly-Si films can be considered as distributed RC structures
for integrated circuit filters. As shown in [6], locally grown
poly-Si films exhibit a memory switching effect.

In this paper we report some inductive phenomena which
were first observed in switching poli-Si films during capaci-
tance-voltage measurements.

2. Experimental results

The poly-Si films (200pmx20um) were formed on locally
oxidized silicon-substrates of p-type conductivity with a
resistivity of 1042cm during the process of epitaxial growth
of a 5um monocrystalline film of n-type conductivity with a
dopant concentration (phosphorus) of 10'° cm™. Epitaxial
growth was performed in a heated (by high frequency power)
vertical-type reactor using the high temperature (1200°C)
chloride process. The waters were oxidized to obtain a pyro-
Iytic oxide of thickness 3.5um, and aluminum ohmic contacts
were formed using photolithography and vacuum deposition
techniques. The sample construction is presented on the
Fig. 1.

The capacitance-voltage (C-V) characteristics were meas-
ured with an L2-7 impedance bridge at room temperature

over the frequency range 0,465-10MHz using an ac signal of
low voltage (25mV).

Fig. 1. Construction of the element on the base of a local poly-
Si film

Typical C-V characteristics of poly-Si films in the OFF
state at different frequencies of the ac signal are presented in
fig.2,a. As can be seen, at definite voltage values for both
bias polarities the capacitance changes from positive to nega-
tive, the phenomenon showing a purely inductive behaviour.
With increasing frequency of the ac signal the voltage corre-
sponding to this inversion of sign also increased. The capaci-
tance of poly-Si films in the ON state was negative over the
full frequency range (fig. 2,b).

From a comparison of the characteristics shown in fig. 2,a
and fig. 3,a it appears that the sign inversion of the capaci-
tance takes place at voltages near the threshold voltages of
switching. The volt-ampere (I-V) characteristics of poly-Si
films were measured on the waters by probes. When a micro-
scope lamp with a power of 20 W was switched on, the nega-
tive resistance region disappeared from the I-V curve while
the rest of the curve was almost unchanged (fig. 3,b). C-V
measurements performed with and without illumination
showed that under illumination the capacitance changed from
negative to positive values simultaneously with the disap-
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pearance of the negative resistance region from the |-V
curve.

CpF

Fig. 2. Capacitance-voltage characteristics of a poly-Si film at
various frequencies: (a) OFF state (curve 1 - 0.465 MHz;
curve 2 - 1 MHz; curve 3 - 3 MHz; curve 4 - 5 MHz;
curve 5 - 7 MHz, curve 6 - 10 MHz, (b) ON state (curve 1
-0.465 MHz, curve 2 - 5 MHz, curve 3 - 10 MHz)

Fig.3. I-V-characteristics of a poly-Si film under reverse bias
(a) without illumination and (b) under illumination
(horizontal axis - 1V/division; vertical axis - 5 mA/divi-
sion)

3. Discussion and conclusions

The capacitance transition observed in the OFF state
could be explained in terms of carrier trapping by deep levels
at the grain boundaries. In fact in the OFF state the capaci-
tance of a poly-Si film is determined by depletion layers at

the grain boundaries and must decrease with increasing re-
verse bias because of the widening of these layers (fig. 2,a,
left side).With a further increase in bias a sequential break-
down of potential barriers takes place resulting in an of ca-
pacitance due to the contribution of free carriers injected into
the depletion region.

Then, as seen from fig. 2,a, an abrupt decrease in the ca-
pacitance and its transition to negative values take place. The
asymmetry of the C-V characteristics relative to the bias
polarity is explained by the fact that, according to [6], in
switching poly-Si films the potential barriers exist only on
one side of the grain. Thus under forward bias the capaci-
tance instantly increases the carrier injection (fig. 2,a, right
side).

As has been shown [7] for the breakdown region of p-n
junctions containing deep levels, the capacitive behavior of
the reactive conductance changes into an inductive behavior
as a result of carrier generation and capture. The presence of
deep levels and barrier layers suggests that the observed
transition of the capacitance to negative values in poly-Si
films is also due to processes of recharging of their deep
levels.

As the result of the breakdown, free carriers are injected
into depletion layers where they are captured by deep traps at
the grain boundaries. At a low injection level the relaxation
time of deep levels is sufficiently long and satisfies the con-
dition 1/t<w® where o is the cyclic frequency of the ac signal.
Therefore the traps cannot follow the changes in the ac signal
and do not participate in reactive conductance. The capaci-
tance is positive. With increasing bias the injection level also
increases. This is followed by an increase in the probability
of free-carrier capture by deep traps, which results in a de-
crease in their relaxation time. At a definite injection level
the condition 1/t=w is satisfied and the reactive conductance
becomes zero. With a further increase in the bias voltage the
ac signal frequency becomes lower than the frequency 1/t of
free-carrier capture. Thus, while the ac signal is changing,
the deep traps manage to capture and generate carriers. This
results in a lagging phase shift between the current and the
voltage, i.e. the films exhibit inductive behavior. The de-
crease in current due to illumination, which is shown by the
disappearance of the S-shaped region, indicates that the poly-
Si films exhibit negative photoconductivity. Similar phenom-
ena are also connected with deep traps.

As known from [8], the deep level centers in semiconduc-
tors can have several charge states with corresponding differ-
ent degrees of localization of the wave-function. The center
charge states with n>1 may be shown on an electron band
structure by the insertion of the correlated electron level
which can exist in a conduction band. In this case it is possi-
ble for a conduction electron which traps a photon to jump
from a zone into a local state, thus creating a negative photo-
conductivity.

In the ON state there are no potential barriers, the film re-
sistance is low and the injection level is high. In this case the
limiting factor of the capture and generation of free carriers is
the intrinsic relaxation time of deep traps. This time corre-
sponds to the intrinsic transition time from the OFF to the
ON state, which according to [6] is of the order of 10 ns.
Consequently, in poly-Si films in the ON state the transition
of the capacitance to positive values, according to the condi-
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tion w>1/t, can take place at ac signal frequencies higher  that a locally grown poly-Si film is a functional element with
than 15 MHz. non-linear C-V-characteristics, having two stable conduction
Thus, from the investigations carried out we concluded states with voltage-and light-controlled parameters, therefore

it is possible to use them as the optonegatron elements.
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POLIKRISTALLIK SiLiSIUMUN LOKAL PLYONKALARI 9SASINDA OPTONEQATRON ELEMENTLORIN RE-
AKTiV XASSOLORI

0,465+10MHs diapazonunda monokristallik plyonkalarin epitaksial yetisdirma prosesinda becardilmis polikristallik
silisium lokal plyonkasinin volt-tutum xarakteristikalan tadqiq edilmisdir. Reaktiv kegiriciliyin xarakterinin tutumdan
induktivliye inversiya effekti askar edilmisdir. isiglanmanin tesiri ile induktiv xarakter aksine tutuma kegir, VAX-daki
manfi migavimat hissesi yox olur, demali, polikristallik silisium lokal plyonkalari optonegatron elementlaridir. G6-
sterilmisdir ki, polikristallik silisium plyonkalarindaki induktiv hadisslari, darin saviyyalerin yenidan yiklenmasi ila
alagadardir.

®.JI. Kacumos, A.A. Mamei0B

PEAKTUBHBIE CBOMCTBA OIITOHET ATPOHHBIX 3JIEMEHTOB HA OCHOBE
JIOKAJIBHBIX INTEHOK MOJIMKPUCTAJIVIMYECKOI'O KPEMHUS

B nuanasone 0,465+10 MI'1; nccneioBaHbl BOJIbT-EMKOCTHBIE XapaKTEPUCTHKH JIOKAIBHBIX IIEHOK MOJIMKPUCTAJUIMYECKOTO KPEMHHU,
BBIPAILEHHBIX B MPOIIECCE SMUTAKCUATIBHOTO HAPAIIMBAHUS MOHOKPHCTAJUTMYECKUX IIEHOK. bbpul 00HapyskeH 3G (eKT HHBEPCHH XapaKTepa
PEaKTHUBHON MPOBOJAMMOCTU M3 €MKOCTHOTO B MHAYyKTHBHbIH. Ilox BnusiHHEM OCBENIEHUs] MHIYKTHUBHBIA XapakTep MEpexoausl oOpaTHO B
€MKOCTHBIH, a yJacTOK OTPHLATENbHOTo conpoTuBieHus Ha BAX ncuesan. CiaenoBaTenbHO, JIOKANbHbIE TUICHKU MOIMKPEMHUS SIBIISTIOTCS
OINTOHETaTPOHHBIMU 3JIEMEHTAMH.

IToka3aHo, YTO MHIYKTHBHBIE SBIECHHS B MOJTUKPEMHHUEBBIX IUIEHKAX 00YCIIOBIEHBI MPOLECCAMH MIEPE3APSIKH ITyOOKHX yPOBHEH.
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BASES OF THE THEORY OF CAPACITY AND ENERGY OF DISTORTION
IN ELECTRICAL CIRCUITS WITH NONLINEAR POWER
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Increase of sensitivity of modern technologies to sinusoidal distortion of a power requires perfection of the mechanism, responsibility of
the consumers generated high harmonic component (HHC), where level exceeds normative values. An integrated parameter of quality of

electrical energy is the energy of distortion.

However theory of capacity and energy of distortion in networks of an alternating current is not developed. The results of researches al-
lowing to establish essence energy of distortion and to calculate it for any spectrum HHC are given.

Despite of significant number of works devoted to a prob-
lem of definition of capacity and energy of distortion, the
difficulties of its decision are known. The urgency of a prob-
lem grows in connection with the varied relations of the par-
ticipants of the market of the electric power, by increase of
the requirements to quality of the electric power on the part
of the consumers [1].

Let's distinguish power (U) and current in a circuit (1),
having:

e ldentical frequency. Let's name as their same har-
monics (SH) of power and current. Private, but, it is obvious
most important case is U; and |, of the basic harmonic;

e Various frequency. Let's name them different-name
harmonics (DNH) of a power and current.

The variable making of capacities of SH and the capacity
DNH as a matter of fact is exchange capacity (EC) and be-
tween its complete (S,), active (P,) and reactive (Q,) compo-
nents the square-law dependence, i.e.s2 = p? + Q? takes place.

To distinguish EC of the basic harmonic from EC HHC it is
accepted to name last as capacity of distortion (CD), and en-
ergy, appropriate to it by energy of distortion (ED).

Before to define capacity (S) and energy (W) HHC with
the purposes of comparison we shall refer to known results of
definition S; and Wy, including their active (P;) and reactive
(Qq) parameters for the basic harmonic [2]. Let

u(t)=U,, sinat (N
()= [y sin(at + ¢, ) 2
Sl(t): Pl(t)+Q1(t) 3)

where P (t)=P,(1-cos2amt), Q ,(t)=Q, sin2ut

EC of the basic harmonic consists from:
By active component with a maximum equalled

P, =|R| Wwhere P =05U,I, cosp, and with energy,
which for the period 77 is equalled

Wi =W =P Q

where the marks (+) and (-) designate a direction of flows SE.
In the subsequent statement the mark W with the purposes of
simplification will be specified only if it is necessary.

By reactive component with a maximum equal

Q. =|Q,|, where Q, =05U,,1,,sing and with energy,
which for the period 77 is equal
Wq, = QT z™ ®)
Similarly
Sim =|S,|, where S, =05U, I,

Wg,=S,Tz™ (6)

Generally, when in a linear circuit a power

u(t):zm“un'm sinnat ()
n=1

The current is equalled

i(t):ilnm sin(nat+¢,) (8)

n=1

The instant value of complete capacity S(t) on sine not
wave curves u(t) and i(t) would seem equally to product of
instant values u(t;) and i(t;) by analogy to sine wave curves of
a power and current. Let's show on a simple example, that
such calculation is erroneous. Let at a circuit with linear load-
ing in curves u(t) and i(t) alongside with the basic harmonic
there are the third and seventh harmonic, i.e.

u(t)=U,, sinat+U,_sin3aet +U,  sin7 ot

i(t)=1,,sin(at+¢,)+1,,sin(3ot+e@; )+ 1, sin(7Tot+ ¢, )

At the moment t; at the marked approach

S(tl ) = U(tl )'i(tl ):

and the product includes six components, which are deprived

|physical meaning, since under action of n' of a harmonic of a

power in a linear circuit the harmonics of a current can not
proceed, where order is differed from n. The accounts S(t)
must make under the formula
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Ny m

S(t)= ZUnm o SiINNatsin(nat + ¢, )=> " P,->"P, COSZHa)tJer:Qn sin2net=Py  +S,,(t)+D,.(t) (9)

n
n=1 n=1 =1 n=1

where, np- greatest number HHC; Sy 4 (t) -EC at n=1; D,.(t)- CD SH; Upm, Inm and ¢, are calculated by the results of the Furye-
analysis of curves u(t) and i(t).

cos @,

P,=05U, I, ., cose, =PK,K,, =S, Ky K, COS@, (10)
min, ¢ ) o5, b UMM P
. sin .
Qn 2075Un,m|n,m Sm¢n Ql U(n)KI(n) ¢n SlKU(n)KI(n)SIn¢n (11)
si ne,
Sn =O'SUn,mIn,m =S1KU(n)KI(n) (12)

Accordingly, parameters ED SH of a power and current for n™ of a harmonic with n = 2,n,, Can be calculated under the
formulas:
cos @,

W, =W, K, Ky — =W, , K, K,y COS® (13)
P.n P1"MJ(n) I(n)COS(Dl S1MU(n) " MI(n) n
sing .
Won =Wo 1 Ky Ky = =Ws 1 Ky (n)Ki () SiNG, (14)
Sing,
| i it is visi :
W, =W KU(n)KI(n) (15) From the equations (21) and (12) it is visible, that the ca

pacity contains only variable (pulsing) part and on the order
more, than S,(t).

If CD (ED) is compared for n”" HHC (n = 2,n,, ) (9-15) Let's define the moments of time (tynm) at which Pyq(t),

and EC (EE) of the basic harmonic (3-6), then it is uneasy to Qu(D) and S,,(t) reach the maximal values designated, ac-
notice, that their relation is defined with ;‘actors n™ HHC of a cordingly Pyam, Qunm and Synm. Having calculated derivative

o () nd atent (5.1 Koy i g 53 21000 () Q)4 0 et e o 20
as possible allowable values then it is possible to conclude, g9 '

that CD (ED) make from EC (EE) of the basic harmonic no 1+ FO function Ping Parameter ‘ am*Pra|= ‘}/fn =2 for
more than one percent. . Pl _ .
Let's consider now definition CD and ED for DNH of a all odd harmonics, and for even harmonics ‘7“‘ =2 practi-

power and current. Let in a circuit of a current power source  cally at n> 8 (the divergence makes as follows
(PS) with a sine wave power is included NP (ventil convert- ﬂlpn B P )S 15%). Thus, by analogy to active
ers, arc steel-smelting of the furnace and etc.). The current in '

circuit will be equal a circuit (8), and capacity at n=2, ny,. capacity Pr, the parameter Py, has @ maximum (under the
marked conditions) equaled 2|P, ,|. However, if for Py this
_ : _ maximum always positive, the maximum P ¢ can be both
Sty (t) ul(t) In (t) Py (1)+ Qi (t) (16) positive, and negative.
where The modular summation of maximal of active capacity

P.(t)=P, [COS( n—1)wt —cos(n+ l)a)t] (17)  HHC gives large mistakes of calculation, since Py, is dif-
fered with mark and for even harmonics and a moment of

Q,,(t)=Q,,[sin(n+1)at —sin(n—1)wt] (18) °°°‘§;r§’;ﬁ'unction 00

cos The parameter |Ql,n,m Qi = |7/En =2 for all even
1n
P, = PlK'(n)—COS o =5,K\(n) COSQ, , (19) " harmonics, and for odd harmonics ‘7/8”‘ =2 practically at
nx7 (divergence makes as follows
sing, , ) B Snloo( ~ 1577 )g 25% ). Let's notice, that such change
Qin = 1K'(“) sing, - SlK'(”) SNy, (20) for reactive capacity of the same harmonics Q,(t) HHC is not
present. Q, , = |Qn|;
S. =S.K 1) The modular summation of maximal of reactive capacity
Ln Hn) HHC as well as for active capacity gives large errors of cal-
culation.
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Let's define ED Wy, for Pyn(t), Qua(t) and Sypa(t). Q.. .
Empirically by integration of the functions Py ,(t), Q1n(t) Wy, =2,56—=-=8,1-107Q,, (23)
and S;,(t) and by definition accordingly w") .w/") ~and @
1, _
ngfl?n we have defined what, at n>3 for the period of the We1, = 2,56 wn =8,1-107°S, (24)
basic harmonic 7; with an error no more than 1 %. If (22-24) are some transformed, we shall receive:
P1n -3
W,,, =256—"-=81-10"P,, (22)
1, o : |
Wp,, =107P, =107 U I, cosp,, =81-107°S,K,  cose,, (25)
Woin = 10"2QmCp = 10_2U1’Cpln'cp sing, , = 8,1‘10"3SlK|(n) sing, (26)
Wg,, =107S,, ., =107U, 1., =81-10°S K, 27)
h 2 . 2 ! Let's proceed to a question of definition summation (S)
where U, , = ;Um, loep = = lom: CD and ED of an any spectrum HHC.

At a sine not sinusoidal power in a circuit with NP the in-

The formulas (25-27) are simple enough and allow to de- .
( ) P g stant value of capacity can be calculated under the formula:

fine ED HHC directly by results of decomposition of func-
tion i(t) in a trigonometrically number Furye.

Sz(t):iPn —iPn cosZna)t+§:Qn sin2nat +
n=1 n=1 n=1

n,-1 Ny—1

+ Y P, [cos(n — 1)t —cos(n +1)wt]+ D Q,, [sin(n +1)et —sin(n - 1)at]= (28)

=P gp 5110+ DE(0)+ D (=P + Gy (1)

where D5 (t) - summation instant CD for SH and DNH; G 5s- summation instant EC. In turn:

Np_1 n,-1
DY(R)= Y P, (1) + 2Q,,(1)=D{%™ (1) + DB (1) (29)
n=2 n=2

The definition of the maximal values |harmonics do not coincide, and the marks of the maximal
D(DNH)(t),D(DN”)(t) and D{°¥)(¢) at practicable in prac- values can be different. Therefore algebraic summation of
) z,S z,P ) =Q ) ) maximal as Py ,(t) and Qqn(t) results in the large mistakes of
tice sp?ctra HI]:|C re(?uweslIargehanal)f/tlcal calculatlons(,j. i calculation.

Before to formulate algorithm of account CD and ED o 3. ED (is shaded) on an interval 7:/4 W.*) = W.)| and
an any spectrum HHC DNH (in subsequent the indexes DNH ' ( ) V4 Wyp = MZP‘
is omitted) we shall consider some features of calculations on WZ(+Q) - Mz(fo)‘ and is calculated as the sum of the areas lim-
a concrete example. A graphic illustration of change of an 7 7
active and reactive component CD and ED, in conditions, 1ted {0 an interval T/2 and curves Py(t) and P15(t) (or Q15(t)
when alongside with the basic harmonic, in a circuit the cur- 21 Qus(0)).
rents of thirds proceed and fifth harmonics is shown in a fig. 4. Wsp < <WigptWispand Wso< < Wigq+Wisg
1a, and allows to conclude: Otherwise ED designed as the sum energy of separate

1. The functions Py ,(t) and Qy.(t) are not sinusoidal harmonics exceeds essentially then the valid value. In a
characterized periodically varied by amplitude and duration ~ 119-1a, it would be visible from comparison of the areas with
of each half-cycle. Nevertheless the maximal values of this longitudinal (designating WS) and cross (designating the sum
function and functions Sy .(t) are connected by square-law W, 3 and W 5) shading. The basic difficulty of analytical cal-

y 9 9 culation of the valid values CD and ED at an any spectrum
dependence. However, Zplvnm +Zin”~m >>Zsl’n’m and HHC alongside with greatness of calculation, consists in

(Zp )2 +(Zp )2 >>(ZS )2. formalization of definition of the moments of crossing of
Lo Lom Lnm functions Dy(t), Dy, p(t) and Dy, o(t) of an axis t. The follow-

2. The moments of occurrence of the maximal values ing algorithm of calculation CD and ED in the single-phase

P1n(t) of odd harmonics coincided, and the marks can be op-
posite. The moments of occurrence of maximal Q;,(t) of odd
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purpose with NP on an interval T is supposed. The algorithm
consists of the following blocks:

1. Are entered 2 (n,+1) discrete values u(t) and i(t) with an
interval At;=T4/2 (n,+1).

P(t)
Wp
Ralt)

Fig.1. Comparison energies (power) of distortion

éDZ,S,m = maX{Dz,s (tj )}M

1m?

and
oDy o = Max { Ds o (tj ) }M Quim

8. The relative meanings(importance) of a complete, active
and reactive component ED by everyone important BI'C are
calculated.

25;zz[\Pln )|+ [Pt )]
oW, =100—"20 =
o Pl MPl
(30)
M-1
25”2[‘Q1n )‘ ‘an( j+1 H
oW, , ,=100 V\fl =— v
Q.1 Ql
(31)
M-1
257 3|15, (t;] + 150 1.,
é\Nsvlyn_lOO S.ln — j=1
S,1 MSl
(32)

-8,5,0D

32

SPm = maX{Dz,P (tj )}M

a) an active-power; b) reactive-power

2. Under the formulas Furye the amplitudes (Unm and lnm)

and corners of shift (l//: and z//r']) of harmonics for n=1, nm

are calculated.

3. The factors are calculated: distortions of sinusoidalness of
a power Ky and n' of a harmonic of a power Ky and current
Kim With n=2, np,.

4. The harmonics exceeding normative values are allocated.
This condition is based on two situations. First ED for a spec-
trum of harmonics which are not exceeding normative values
much less of 0,5 % from energy of the basic harmonic. Sec-
ond is considered, that to payment should be subject only ED
of harmonics, for which the established requirements to the
parameters are not carried out. A consequence of this condi-
tion is the sharp reduction of number of calculations.

5. Under the formulas (16-21) the instant values Si,n(t;),
P1n(tj) and Qqq(tj) with j=1, M, n=1, n,,, where M=d n,, are
calculated; np,,, number of sections, at which the area sinu-
soid, calculated by a method of trapezes on an interval 7,/4
does not differ practically from the valid parameter (d=5);
nm, n-greatest number of harmonics exceeding normative
value. Let's remind, that the interval 73/4 is a half-cycle of
change CD.

6. Are calculated summation CD D 5s(tj), Dxp(tj) and Dsq(tj)
with j=1, M with that difference, that it are taken into account
only important of a harmonic.

7. The relative meaning of the maximal CD are defined:

Pt

1m

9. The relative values of complete (Wp ), active (Wpp) and
reactive (Wp,q) components ED under the formulas are calcu-
lated

zsﬂz[\ozp )| [0y )]
oW, , =100—>F = NP
P1 1
(33)
M-1
W 2572'2“DZ,Q(H)""‘Dz,q(tm)u
MWpq = WD’ - = MQ
Q1 !
(34)
ZSEZ[‘DZS +‘DZS( ]+l)‘:|
MWps = >
WS,l MS,
(35)
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10. The complete, active and reactive exchange energy (G) in

We,=5-10°M 1§ﬂP1(t,- )+ Dz,p(t,- X +\P1(tj+1)+ Dsp (tmﬂ
=

W, o =5-10°M 1h§qu(tj )+ Dy olt; ] +[Qut;. )+ Dy (tmﬂ
-1

W, . :5.1osml“fz‘:nsl(tj)+ Dy« {t;)+[5.{t,.:}+ Dot )]

The results of accounts, confirming the structural analysis
CD and ED, allow to receive objective quantitative parame-
ters ED at various spectra HHC NP.

Conclusions

1. The energy SH of a power and current (W,) with n>1 gen-
erators of power stations is proportional to multiplication
Kum and Kiqy, 1 % from energy of the basic harmonic Wy, a
rule, do not exceed. The energy DNH (W) is generated by
nonlinear loading and is proportional K.

2. The basic making energy DNH is the component caused by
the basic harmonic of a power and HHC of a current. All

a circuit with NP is calculated

(36)

(37)

(38)

lother components are within the limits of accuracy of account
and measurement.

3. The capacity DNH has pulsing character with varied am-
plitude and duration of waves of a pulsation.

4. The energy DNH on an interval 73/2 consists from equaled
on parameter of positive and negative component (by analogy
with EE of the basic harmonic) and is a part of exchange en-
ergy of a circuit of an alternating current.

5. The arithmetic addition, as maximal values CD, and ED
DNH results in the large error of account.

6. The influence ED DNH is shown in distortion sinusoidal-
ness and change of parameter EE.

7. The recommended algorithm of account allows objectively
to estimate ED and EE in a circuit with NP.
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on electrosupply of questions of quality of the electric
power both conditions of consumption and generation of
jetenergy. - Industrial power, 1998, Ne 11, p. 15-22.

[2] P.A. lonkin, N.A. Melnikov, A.l. Darevskiy, E.C. Kuk-
harkin. Theoretical bases the electrical engineers, ch.1.
M. "«Higher school", 1965, 734 p.

[3] GOST 13109-97. Norms of quality of electrical energy in
systems of electrosupply of general purpose.

E.M. Farhadzada, H.B. Quliyev

QEYRI-X9TTi YUKLU ELEKTRIK DOVROLORINDS TOHRIF
GUCU VO ENERJISI NO9ZORiYYSSIiNIN 8SASLARI

Muasir texnologiyanin gerginliyin sinusoidaligi tehrifine hassasligin artmasi yilksak harmoniyalar generasiya edan
isladicilerin masuliyysti mexanizminin takmillasdiriimasini taleb edir. Elektrik enerji keyfiyystinin inteqral goéstericisi tahrif
enerjisidir. Lakin dayisen cerayan sebaksalerinda tahrif giicli ve enerji nazariyyasi islonmamisdir. Bu isda tshrif enerjisinin
mahiyyatini tayin edan va istenilan harmonik spektrin hesablanmasina imkan veran tadqiqat naticealeri verilir.

.M. ®apxanzane, I'.b. I'yiaues

OCHOBbBI TEOPUU MOIIHOCTHU U SHEPI' MU UCKAKEHUSA
B DJIEKTPUYECKHUX HENSX C HEJMHEMHOM HATPY3KOHN

VBenudeHne 4yBCTBUTEIHHOCTH COBPEMEHHBIX TEXHOIOTHH K NCKaXEHHIO CHHYCOUJAIBHOCTH HANPSDKEHHUS TPeOyIOT COBEPIICHCTBOBA-
HHUE MEXaHW3Ma, OTBETCTBEHHOCTH moTpebutenell, renepupytomux BI'C, ypoBeHb KOTOpBIX NpEeBBIIACT HOPMAaTUBHBIE 3HaueHUs. MHTe-
rpaJIbHBIM I10Ka3aTelIeM KauecTBa 3JIEKTPUYECKOM SHEPTUM SBIISIETCS SHEPIUsl UCKAXKEHMUSL.

OpHako TEOpHUsl MOIIHOCTHY U SHEPIUH UCKAKCHUS B CETAX IIEPEMEHHOr0 TOKa He pa3paboraHa. IIpuBosTcs pe3yabTaThl UCCIEI0BaHUH,
MO3BOJIAIOIINE YCTAHOBUTH CYyTh YHEPIMU UCKAXXEHHS M BBIYUCIHUTH €€ [UIs pon3BoibHoro crekrpa BI'C.
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THE TRANSIENT RADIATION OF THE NON-INVARIANT SOURCE IN THE
PLANE-LAYERED MEDIUM

.M. ABUTALIBOV, M.B. ASADOVA, |.G. JAFAROV
Azerbaijan Pedagogical State University
U. Gadjibekov str. 34

The process of the transient radiation of the non-invariant relativistic source of the electromagnetic field, in particularly, the magnetic
dipole moment in the plane-layered medium is considered. The general expressions, describing the radiation field and change of the own
field are obtained. The analysis of the obtained formulas for the ultrarelativistic velocity of the magnetic moment is done.

1. INTRODUCTION

The investigation of the transient radiation of the non-
invariant relativistic source of the electromagnetic field of
charge had been carried out firstly half an age ago in the
work of Ginsburg and Frank [1], in which it was shown, that
the so-called transient radiation appears at the charge motion
through the plane boundary of the separation of two isotropic
mediums with the different physical properties, if the charge
have the constant velocity, which is less, than the phase
velocity of radiation in medium. The radiation is mainly
directed along the charge motion at the high charge
velocities.

The transient radiation has been the subject of the
intensive investigations during the last decades. The many
investigations were carried out for the creation of the
practical systems, using the transient radiation for the
identification of the relativistic particles, which are one of the
more important problems in the high energy physics.

The investigation of the transient radiation of the non-
invariant sources of the electromagnetic field, in particular,
the dipole moment was considered in the ref [2-5]. The
question about the transient radiation as invariant so non-
invariant sources on the blurred boundary of the separation
of the mediums was considered in the ref [4-7]. The present
paper, deals to the transient radiation of the magnetic
moment in the weakly nonhomogeneous plane-layered
medium.

2. EQUATIONS FOR THE HERTIZIAN VECTORS
IN THE NONHOMOGENEOUS MEDIUM AND
THEIR FOURIER TRANSFORMATIONS

Let’s consider the non-magnetic (u=1) non-

homogeneous medium, the dielectric constant of which
depends on the coordinations: e=&(x,y,z). In addition, for the

magnetic Hertizian vector ﬁm as in the case of the isotropic
medium we obtain the following nonhomogeneous wave

equation:
0l =-4zM , 1)
and for the following more complex equation

01T, =—47P +&'Ve(VIT,)- [ﬁg,éﬁm /Cét], )

for the electric vector]?e , in the right part of which the two

last members are caused by the medium inhomogeneous
respect of the dielectric constant, the change of which on the
layer thickness of the medium inhomogeneous is the reason
of the creation of the radiation field and change of the eigen

field; M and P are vectors of the magnetic and electric
polarization. They are defined by the following expressions:

M =ms (F-ot) , P=|ampF-ot),

2

- & 0
where 0=V? - = .~

> > is D’Alembert’s operator in the
c® ot

case of the nonhomogeneous medium, M is the magnetic

moment and [Brﬁ]zﬁ is the electric dipole moment,

combined with the magnetic moment, moving with the
constant velocity.

In the general case the equations (1) and (2) impossible
to solve. They are solved exactly or approximately only when
the dielectric constant depends on the only one variable. In
the present paper the dependence &=&(z) of the dielectric
constant of the medium, called the plane-layered is
considered. The solutions of the equations (1) and (2) are
obtained by the method of the consequent approximation; in
addition, one takes into consideration, that:

I, (Ft)=MT°(Ft)+5 1T, (T t), @)
(T t)=T10(F 1)+ 5 IT,(F 1), (4)
H2) = £%+5¢(2) , (5)

where 817,,,08 I, and 5¢(z) are small values of the first

order, £° is the dielectric constant of the homogeneous
medium. The summand S«(z) in the function (5), caused by
the dielectric inhomogeneous, has to change gradually from -
A2 to the +4&2 on the all inhomogeneous, in addition,
a=¢%Ad?2 and &=&%*A&2. From (1) and (2) with (3-5) we
obtain the following equations:

0o [T (F t)=-4zM(F t) (6)
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— — | Se O°IT°(T t)
0o ITO(F 1) =—47P(F 1) % 90811 ,(F, D=z ®)
Se OMF,t) . 1 e dSer. 1 O (F,1)
o STL,(F,t =— —L 1146 rt s 9
(1) ¢ ot Sgo az( Y )) 82[3c ot ] ©
o 52 Iand e.t.c. In addition, we obtain the Fourier images of the
where Cy= vV _8_2._ is the D’Alembert’s operator for  equations (7-9):
c- ot
the h ti dium. — Vi
e homogeneous nonmagnetic medium @H?nwl(z) ——47xM wz(z) , (12)

In considered problem the all values it is need to expand
in the Fourier integral on the time and transverse component
of the radius vector because of the homogeneous in the time @ng(z) =-Ar W(z) (12)
and on the directions, which are perpendicular to the field
source velocity [2]:

€51l (z ——§8H° NG
I° (F,t) = meW(z)exp(iﬁL—ia)t)da)dj (10) oz (2) = oz (2) =
|
~ o’ . % 08¢ =, 1 0S¢
Igé‘Hewj(Z):_C_z(é‘ _IE EJHeMX(Z)‘F'e g— E( ewz(z)) , (14)

5 "'the Fourier images of the magnetic and electric polarizations.

where €=02/022+k2, k =9 [¢ — ¢’ o’ s
c

rz? rz

3. THE RETARDED SOLUTIONS OF THE

the longitudinal component of the vector of the radiation EQUATIONS
field and
- m . .
Ma,~(2) exp(ioz/v) (15) We _know about the solutions of the equations (11) and
g (27)%v (12) [3]:
P (z)= Jﬁ;]—ex /
7 p(ioz/v) (16)
(27)%v |
e (2) :—“’”—W(g" —c2 =y’ ) exp(iwz ) (17)
mex (27)%vew? ’
47c?| B TR
e, (2) = —Slﬁ—zl(g" — - 4%¢0?) exp(iwz ] v) . (18)
(27)’vw
|
the Fourier images of Hertizian vectors /7° oy aNd HSW By way of the concreate expressions for x(z) we can

. . ) . choose the following functions:
define the eigen field of the source in the homogeneous

medium with the dielectric constant ¢° (the radiation field in Ae
the homogeneous medium is supposed to be absent). The oe(z)=—th— | (20)
main problem is that solving equations (13) and (14) it is 2
necessary to find the additions to the zero solutions (17) and
(18), corresponding to the eigen field, and the general Ae 7
solutions of the homogeneous equation, defining the oe(z)=—-arctg— , (21)
radiation field. w P

For the solutions of the equations (13) and (14) firstly it is
need to expand 2s(z) in the Fourier integral:

§g(z)z%jexp[—(x/Az)2]dx . (22)
se(2)=[8¢, exp(inz)dn . (9 %
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the Fourier images of which are defined by the appropriate Substituting the solutions (17) and (18) and the equality
expressions: (19) in the right parts of (13) and (14), we obtain:
oeg, = Ae Az (23) - =
"4 sh(zp-A212) EoTi,,,,;(2) = [ G, (m)expli(n + w/v)z]dn . (26)
Se, = 2;Azig;7 exp(-|rjaz) | 4 €5, (2) =[G, (mexplily+wlv)]dn . @)
Ne ) where
oe, = -expl—-(n-4z/2 . 25
=gl az 2] e

(8°—C2/1)2 —ZZCZ/C!)Z)_]'

GM¥(n)=4nse . 2 _r._1c0 . (28)
oz \1 " (27)-v [ﬂm] 1+n— |-&[zm], 772
01y E°w
The inhomogeneous magnetic and electric polarizations Taking into consideration the introduced designation, the

appear in the layer-inhomogeneous medium at the magnetic  integrals (29) and (30) are written in the form of:

moment motion. Taking into consideration the expressions

(15) and (16), the right parts of the equations (26) and (27) 57 (z)= —IGmA(f)(fz _652 ) texp(i&z)de | (32)
can be expressed trough the magnetic and electric mex “x °

polarizations correspondingly, in addition, the last three play R ~

role of the source functions. That’s why at the solving it is ~ 6/7,,.(z) = —J.Gj);z(.ff)(;‘2 —EX)texp(iéz)dE . (33)
need to take into consideration, that Green functions in the

left part of the equalities have to be retarded, i.e. to describe

the retarded fields- For the diverging waves the ratio of the exponent in the

exponential function, being in the integrand expression, must
be positive z>0. That’s why at the forward radiation

ST B é;“l () exp[i (77+ a)/u)z]d 29 (z>0)&>0, and at the back radiation (z<0)&<0. It means that
mw;z(z) - _I (n-n)-(n-n,) n. (29 if z>0, then the forward radiation field is proportional to
1 2
exp(ia)Z\/£°—;(2C2 | w* /c), and if z<0, then the back
- é;{ ) exp[i (77+ a)/u)z] radiation field is proportional to
51’[6@((2):—.[ -1 -(1—-1,) dn . (30) exp(—iwzw/g"—;(zcz | & /c).
! 2 To obtain the retarded solutions of the equations (32) and
h (33), satisfying the principle of the causality, it is necessary
where to make the analytic continuation of the integrand function at
__w_ o 2.2 2 z>0 on the upper complex half-plane, and z<0 on the low
=——x—,/&°— . 1 ;
s v C \/8 relo (31) complex half-plane and instead of the detour of singular

points to shift them from the indeed axis. It can be done, if

In the considered case the Cerenkov radiation is absent as  We consider that £°has the infinitesimal addition. In addition

in the homogeneous so in the inhomogeneous parts of all ~ the pole &=¢& changing on S+imdc passes to the upper

medium, when the condition e%<c%¢? is carried out, the half-plane, and the pole &=-& changing on -&-iwdlc, passes

values 7, and 7, became the indeed in the high frequencies to the low half-plane (here & is the infinitesimal positive

region £%>4°c’/af and the expression (e%c%/v*-y*c?/a’)<0. number), and the pole &=awlv, not having &< isn’t shift

It follows from the expression  staying on the indeed axis; the corresponding contours for
o z>0 and z<O0 are given in the picture.

mi, = —C—Z(go —c? v’ y%c? /w2)> 0 that both values are

Plane of complex f

equal to each other on the sign, i.e. if 7,<0, then 7,<0.
Introducing the designation &=+l v, then we obtain

Plane of complex ¥

#<o0

§1=a)\/8°—;(2C2/a)2 lc=¢&, >0,

e |
~¥ - iwd/e
|

& =—m\e— yctlw’ lc=-& <0 |
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Fig. Circuit of integration in complex plane

The integrand functions (32) and (33) are analytic in the
all points of the indeed axis, besides the points &, &, &,

V.p. T(i)(f)df = 7iRes[® (¢)],.,..,+ 27iimRes[® (£)]._y visre

V.p. [@(£)ds = ~ziRes[® (£)]._,.,+ 27ilimRes[® (¢)]._ . e

where

D (&) =G (§)(&" ~ &) " exp(isz) (36)
In the formulas (34) and (35) the first summands define
the change of the eigen field, accordingly, on the and against
the direction of the source movement correspondingly and
second summands define the forward and back radiationl

— N - Ag-C°
mm,e(a)17(’z)_|z| 27) v’

The Hertizian vectors describing the radiation field, are
found by the calculation of the residues of the last terms in |

(g"—czlz)2

o _ 2% — 422 2-2{”1
(6‘ c /v —y°c a)) [ﬂ

_chzla)z)*l

. . . = 2 21
being the simple poles, and satisfy G(é)(g —50) —0

and &—co. As the integrand functions have the finish number
of the simple poles on the indeed axis, so integrals are
understood by their main values [8,9]. That’s why at z>0 we
have:

(34)

(35)

|
field. The such solution corresponds with the diversing wave,

distributing in two sides from the boundary of the blurred
band.

In the result of the calculation of the residues of the first
terms in the formulas (34) and (35) in the pole &=alv, not
depending on the concreate expressions for de;, we obtain the
similar additions to Hertizian vectors, defining the change of
the eigen field:

@37)

#]}exp(ia)z/u)
m

Ithe formulas (34) and (35) in the poles &=¢& (the radiation
forward) and £&=¢&, (the radiation back) correspondingly:

ST

,e

- _ ic
w,7,1)=F——90¢
(@.2:2) 2rvw ©

1,2

m

2
8 [,Brﬁ][l—%i%dg"—;g%z /a)ZJ+ é3[;zm]gfw

In the formulas (37) and (38) and the following ones the
index s corresponds with the eigen field, and the index r
corresponds with the radiation field; the upper sign and index
1 corresponds with the forward radiation, and the low sign

\/80 -yl o’

exp(i iwz4/e°— y°c* | 0 /C)x

. (38
(11245"—;(202/&)2) (3)
C

"and index 2 corresponds with the back radiation; ez, , are
values of the changing of the dielectric constant in the poles

¢=é&and =&
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i.M. Abutalibov, M.B. 9sadova, i.H. Cafarov

MUSTaVi TOBoQSLI MUHITDS QEYRI-INVARIANT MONBONIN KEGID SUALANMASI

Mustevi tabaqgali geyri-magnit muhitda geyri-invariant relyativistik elektromaqnit saha menbanin, xUsusi halda maqgnit dipol
momentinin, sdalanmasina baxilib. Stalanma sahasi ve maxsusi sahanin dayismasini tesvir edan Umumi ifadsaler alinmisdir.
Magnit momentinin ultrarelyativistik surasti G¢lin alinan dusturlarin tehlili aparilir.

N.M. AbyTaaniooB, M.b. AcanoBa, U.T'. I:xadpapoB

MNEPEXO/IHOE U3JIYYEHUE HEMHBAPUAHTHOI'O UICTOYHHUKA B IIJIOCKOCJIOUCTOM CPEJIE |

PaCCManI/IBaeTCSI nponecc NnepexOoaHOTr0 H3IIYUCHUSI HEUHBAPUAHTHOI'O PEISATUBUCTCKOIO HMCTOYHHKA DJICKTPOMArHuTHOI'O IIOJIA, B
YaCTHOCTH, MAarHuTHOI'O AUIIOJIBbHOI'O MOMCHTA B IUIOCKOCIIONCTOH HEMArHUTHOM cpene. HonyquH 06HII/Ie BbIPpA’KCHUS, OIIUCBIBAIOIINC

NOJIC HU3JIYUYCHUSI U HU3MCHCHUC COOCTBEHHOT'O TIOJISI. HpOBOZ[I/ITCH aHaJIn3 MOJIYUYCHHBIX q)OpMyJ'I JJIs yJILTpapeJIiITPIBI/ICTCKOﬁ CKOPOCTHU
MarHuTHOrO MOMCHTaA.
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LAYERED CHARACTER OF DIELECTRIC FUNCTION DEFINED
BY THE METHOD OF EXCITON SPECTROSCOPY IN TLGASE; AND TLINS,
CRYSTALS AT PHASE TRANSITIONS

0O.Z. ALEKPEROV, V.R. ABDURRAHMANOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

It is shown that within the temperature region, corresponding to paraphasia - ferroelectric phase transition, the dielectric constant of
layered crystals TIGaSe, and TlInS, can be considered as consisting of two slabs with different dielectric constants &;, e, and thickness d;
and d, (d;+d,=c, c is the lattice vector projection in the direction normal to layer). So, the dielectric anomaly and spontaneous polarization
occurring at phase transition takes place only in one of the slabs. This model is confirmed by some experimental results, such as dielectric
function anisotropy and spectroscopy of excitons at temperatures corresponding to phase transition.

KEYWORDS: exciton, phase transition, layered crystal, spatial dispersion, dielectric anomaly.

INTRODUCTION

Some layered crystals A®B®, A’B® and their ternary
compounds exhibit at temperature fall the structural phase
transitions (PT) from high symmetric paraphase to lower
symmetric ferroelectric phase [1-5]. Such a PT is
accompanied by appearing of spontaneous polarization in low
symmetric commensurate and incommensurate (IC) phases
[6]. Anomalies of physical parameters of a crystal take place
near the critical temperatures T; and T.. For example, the
order of value of the dielectric function <, in TIGaSe, and
TIInS, increases more than two times reaching the value up
to 10° and more in IC phase. This anomaly is believed due to
the appearing of spontaneous polarization in layer plane as a
result of small positional shifts of T, atoms situated inside
prisms. This second order PT takes place only in monoclinic
modification of these crystals which have numerous
polytypes with different lattice parameters c=c’, 2¢, 4c/, 8¢/
(c ~15A).

Wannier and intermediate type exceptions were observed
in these layered crystals [7]. The order of ionization energy
and effective Bohr radius are the following

£~m Ry g, h~fh~&tet, ()
where m* is electron-hole reduced effective mass, Ry-
hydrogen Ridberg. The value of & is ~20meV for Wannier
type and about 100meV for intermediate type excitons. It is
seen from (1) that excitons should be sensitive to change of

€, . So, they are to be destroyed at such increase of <, due

to screening of Coulomb interaction between electron and
hole. Therefore it is natural to expect disappearance of
appropriate lines in excitons spectra at temperatures near T;.
However, some experimental works concerning temperature
dependence of band edge excitons line shape, including PT
region witnesses the existence of excitons lines at PT
temperatures [8,9]. Another surprising fact, to our mind,
follows from the dielectric measurements. Being almost
isotropic at temperatures far from PT the dielectric function

€, became strongly anisotropic at PT. So, the dielectric
anomaly takes place only for e, in all directions in layer

plane, having remained practically unchanged for e, in
direction normal to layers.

In this work the exciton spectroscopy method is applied
for more detailed studying of PT in TIGaSe; and TlInS,. The
lines shapes of three excitons at quantum energies
E;=2.13eV, E,=2.21eV, E;=2.37eV (hereafter labeled as A, B
and C correspondingly) in TIGaSe, with different Bohr radius
are investigated at PT temperatures (107-120K). The
comparative analysis of temperature dependences of the
excitons lines shapes and dielectric function has been made.
Excitons lines shapes were detected with standard methods of
photoconductivity (PC) and absorption spectra, using
monochromator MDR-23 and spectrometer DFS-24
respectively. PC spectra was registered as a conductivity
change

Ao (1) =ednu, +edpu,, )

(4n, Ap- carriers concentrations changes and s, - their
mobilities) of samples under the monochromatic radiation
with wavelength 4 by cross-modulation method with
modulation frequency 12-1200Hz. The PC spectra are
normalized to equal number of quantum. For this purpose the
thickness h of the samples was chosen more than the value of
reciprocal absorption coefficient for the band edge A-exciton

(h> a,}l ~3-10%cm). For capacitance measurements alternate

current bridge E7-12 (at frequency 100Hz) was used.

All the crystals of monoclinic modification of TIGaSe,
and TIInS, used in this work had been grown by Bridgmen
method. Samples were prepared from different ingots with
different  residual  impurity  concentrations.  X-ray
investigations show the existence of the different polytypes
of monoclinic structure. The value of dielectric constant at IC
phase depends on crystal polytype and impurity
concentration. In this work we did not identified the residual
impurities and polytypes of samples investigated.

EXCITON SPECTROSCOPY RESULTS

For the most of TIGaSe, investigated samples the
behavior of excitons line shape temperature dependence is
not adequate to the results of dielectric measurements.
Investigating various samples there were obtained three types
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of the line shape temperature dependence. For the first type
samples C-exciton line indicated in fig.1 disappear
completely in absorption as well in PC spectra. The
absorption coefficient for A-exciton line indicated in fig.2
(which is not resolved from B line in absorption spectra at
T>80K) decreases about 2 times for these samples in IC
region. Also strong decrease of PC signal takes place. At C-
line the signal lowers up to noise values but for lines A and B
it decreases about two order of magnitude. Any shift of
excitons lines to the violet region of spectra as it would be
expected from (1) was not observed. In contrast the small
shift (~meV) of A-line to the red side of spectra occurs [8].
For these samples the capacitance measurements show the
drastic anomaly of dielectric function reaching the value of

€,~ 1100 for TIGaSe, and €,~ 1800 for TIInS,.

46, arbitrary units

14

=7
A nm

o~

-

Fig.1. PC distribution against wavelength at different
temperatures for first type samples of TIGaSe,.
1-T,=80K; 2-T,=115K; 3-T3=120K; 4-T,=140K; insert-

line width dependence on temperature.

From the fact that the absorption coefficient for C-exciton
(ac~10" cm™) is more than for A one (ax~3-10%cm™) it
follows that carriers exited at C are much closer to the surface
of crystal and participate in surface PC. But despite this, as it
is seen from figs.1 and 3 the PC signal at C- exciton at low
temperature commensurate phase is much more than one for
band edge A- exciton. From this fact and (2) it can be
concluded that the mobility u of carriers exited at C- line is
much higher (or effective mass m*=er/ u is lower) than

that of band edge carriers. Hence it follows from (1) that C-
exciton has greater ry than that of A.

The C-line for the second type samples in IC phase is
barely seen in PC (fig.3) and absorption spectra. But the
decrease of intensity for C- line in IC phase is more than one
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for A and B lines (especially in PC). The intensity of A-line
also decreases in absorption (about 1.5 times) and in PC (10-
20 times) spectra. For these types of samples the dielectric

anomaly takes place with moderate values of
€, (T)~ 200 -500.
H
L+
<]
2
300 S
o
.p _g
200 £
"=
=2
100 1
7 700 110 Tk

Fig.2. Absorption coefficient and PC dependence on
temperature for A-exciton.

The rarely found samples of the third type have the usual
excitons line shape dependence on temperature -gradual
broadening and slight shifting to low energy, without any
drastic change in PC and absorption spectra. Behavior of
excitons line shape of such sample is in accordance with

€, (T ), because the capacitance measurements have shown

no anomaly of <, (T) (cf. [6]). Probably PT for such
samples hardly occurs.

c
£
S A8
E
£, :
- T
- »
3 o M—
= T
%
[ 84
0 T
520 520 927
A, nm

Fig.3. PC distribution against wavelength at different
temperature for seconds type samples of TIGaSe,
1-T,=80K; 2 - T,=105K; 3 - T3=170K, 4 - T,=115K;
Ts=125K; Ts=140K.
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In fact the higher radius C-exciton temperature
dependence is more or less in accordance with dielectric
function measurements, especially for the first type samples.
But the situation is different for a smaller radius A-exciton,
which exists at IC temperatures despite of drastic grow of

€, - This allows one to suppose that in some parts of crystal’s

space the e, remains practically unchanged, despite the

dielectric anomaly for whole crystal. The size of these parts
must be sufficiently large for a small radius A-exciton to be
inserted inside it, but small for higher radius C-exciton.

However, being derived from measurements of

capacitance has a value averaged over a whole unit cell. The
unit cell of these crystals contains one or more layered blocks
(with thickness 15A) for different polytypes. [10-11]. The
wave functions of conduction and valence bands are
practically localized in separate blocks due to the weak Van
der Waals interaction between the layers. At the same time
the wave functions are free in the plane of a layer. As a result
the excitons have a pancake- like shape. In other words, at
least in IC region, it is possible to consider crystals as a
medium with spatial dispersion in direction normal to layers

€, (2), consisting from two (or more) slabs with thickness d;

So

and d,(d;+d,=c) and dielectric constants & and e,
respectively. According to this model the dielectric anomaly
and spontaneous polarization appearing at IC phase take
place only in the planes of Tl atoms. Appearance of the
polarization laying in the plane of TI" ions is due to shift of
the TI" [12]. The shift is taking place at PT inside prisms,
which are included into a layered block. The ion radius of TI*
is about 1.3A A layered block includes four Tl planes So, one
can estimate the value of d,/d;~2.

For the first and second type samples strong broadening
of excitons lines takes place at IC phase (inset in fig.1). The
line width of A-exciton at IC phase is 3-4 and 2-3 times
greater than one at low symmetric (T<T,) and high
symmetric (T>T;) phase respectively. The given model
allows one to consider the exciton line broadening
mechanism as inhomogeneous broadening. The broadening
arises due to fluctuations of exciton binding energy because

of z-dependence of <, (z). The strong decrease of PC in IC

phase (fig.2), which has been also observed at PT in TlInSe,
[13], according to (2) is connected with change of p as a
result of carriers scattering mechanism alteration. For TIInS,
crystals the result of excitons line shape investigations at PT
temperatures 195-215K is practically the same. The exciton
lines do not disappear completely in IC phase if the crystals
are not doped specially. However, their intensities are
lowered differently depending on ionization energy of
excitons.

INTERPERETATION OF DIELECTRIC
FUNCTION MEASUREMENTS RESULTS

The above given model of layered dielectric function in
unit cell explains well the anisotropy of dielectric function
anomaly at PT. To demonstrate this one can compare the
effective dielectric constants in directions parallel and normal

to layers egf and ejf. For this reason we consider two
capacitors of cubic form with edge d=d;+d,=c made as
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indicated in inset of fig.4. It is easy to obtain for egf and e
the following expressions:

y_&di+ed,
ef —
d,+d,

€
! ef

_&58 % (d; +d,)
e d,+e,d,

(3) taking in the expression <5 =C/(d;+d,) C respectively as
sequentially and parallel joint capacitors with &1, d; and &5, d».

vz

€

15 o] 150 ¥ B W W W ;M 3y MIX

Fig.4. Calculated values of temperature dependence of ng and

el emei=10; d, 1d, =2.

. 1 . .
The result of calculations of egf and e are shown in fig.4.

It is supposed that the dielectric anomaly takes place only for
€1 (T) which is represented as a superposition of &, and two
Gaussians centered at T;=105K and T.=115K (for TlGaSe,)

with different heights and widths so that egf and € to be
corresponded the results obtained from capacitance

experiments. Just this kind of results shown in fig.4 is typical

for capacitance measurement at PT. For d,/d;=2 the anomaly

takes place only for eé/f and is not seen for eelf . At strong

decrease of d,/d; the week anomaly is seen for ejf also. Note

that two-period nature of interference for some layered
crystals is also in accordance with this model [14].

CONCLUSIONS

1. At least at IC phase TIGaSe; and TIInS, crystals can be
considered as a naturally spatial dispersion mediums with
periodic dielectric function e(z+c)=e&(z) in the direction
normal to layers.

2. The same or similar effects should be observed in
impurity spectroscopy (especially for shallow impurities).
The impurity states disappearing or decreasing their density
of states must take place at PT. This would lead to
disappearing or decreasing of related line intensity in PC,
photoluminicence and absorption spectra.  The drastic
decrease of donor—acseptor photoluminicence line, which
was observed at PT temperatures in TIGaS, [15] can be
explained by this model.
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3. The small localization region of excitons in layered

crystals makes the excitons spectroscopy diagnostic more

informative
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0.Z. 9lakperov, M.R. Abdurraxmanov

IGaSe, VO TIInS, KRISTALLARININ FAZA KECIDINDD EKSITON
SPEKTROSKOPIYASI METODU iL3 TOYIN EDILMiS DIELEKTRIK FUNKSIYASININ LAYLI XARAKTERI

Layl ve kristallarindp seqnetoelektrik faza kegidi temperatur oblastinda dielektrik sabitinin laylara parallel iki (ve ¢ox),

rsadsc BekropyHyH  laylara perpendikulyar

proyeksiyasidir) tabagadan ibarat oldugu gdstarilmisdir. Farz olunur ki, faza kecidi temperaturlarinda dielektrik anomaliya ve
spontan polyarizasiyanin amale galmasi ancaq tebagalarin birinde (e&;, d;). Bas verir. Taklif olunan model faza kegidinds
dielektrik nlfuzlugunun anizotropiyasi ve bu kristallarda eksitonlarin spektroskopiyasindan alinan eksperimental naticalarle
uzlasir.

0.3. Aneknepos, B.P Aonyppaxmanos

CJIOI/ICT‘BII?'I XAPAKTEP JIUJIEKTPUUECKOMN ®YHKIIAH, ONPEJEJEHHBIN METOJ0OM
9KCUTOHHOMU CIIEKTPOCKOIINHU ITPU ®A30BBIX ITEPEXOJAX B KPUCTAJIJIAX TIGaSe, ! TIInS,

TToka3aHo, 4TO MO KpaiiHeil Mepe B 06JIaCTH TEMIIEPaTyp, COOTBETCTBYIOIINX CErHETOANIEKTpUUecKoMy (azoBomy mepexony (PIT)
JIMDJICKTPUYECKas [TOCTOSHHAsL CIOMCTBIX KpuctawioB T1GaSe, u TIINS, moxer ObiTh mpencraBieHa MeronoM AByX (mimu Goiee)
[UIACTUHOK C PA3IUYHBIMU AUDICKTPUUIECKUMHE [TOCTOSIHHBIMU €1, €, 1 Tommuaamu d; u d, (d;+d,=C, C- mpoekiwms BeKTopa peiieTKu
B HaIPaBJICHUH HOPMAJBbHOM K CJ0siM). IIpenmonaraercs, 4to AMIIEKTPUYECCKAs aHOMANHUS U MOSBICHUE CIOHTAHHON MOJSpH3AlUK
npu OII mponucxoauT TOIBKO B Npe/erax OIHOH U3 IIIACTHHOK. J[aHHAst MOJIeNb NOATBEPIKAACTECS PE3yJIbTaTaMH YKCIIEPUMEHTOB 10
AQHN30TPOITHOMY IOBEJICHUIO JMAICKTPUIECKUX N3MEPEHUH M SKCUTOHHOM CIIEKTPOCKOIHMEH yKka3aHHBIX Kpuctayuios npu OIT.
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DISTRIBUTION OF THE COMPONENTS IN THE CRYSTAL Si-Ge, WHICH
HAS BEEN BROUGHT UP BY THE DOUBLE FEEDING OF THE MELT METHOD

G.KH. AZHDAROV, M.A. AKPEROV, V.V. MIR-BAGIROV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

A problem of component distribution in Si -Ge crystals grown under the continuous feeding of the melt with Silicon and Germanium
rods has been solved in consideration of the Pfann approximation. A composition of the single crystal as a function of the rations of the
crystallization and feeding rates of the melt as well as the melt composition is established. A possibility in preparing Si-Ge bulk single
crystals with a desired uniform and compositionally graded profiles is shown.

The scientific and practical interest to the semiconductor
solid solutions is defined mainly by the possibility of the
precision control of their forbidden band width, parameters
of the crystal structure and electric properties by the way of
the corresponding change of the crystal composition. It is
known, that classic semiconductors Si and Ge, being in the
base of the modern electronics, dissolve in each other at any
ratios as in the liquid, so in the solid states completely [1].
The questions, corresponded with the distribution of
components in the volume crystals Si-Ge, which has been
brought up from the melt by the different methods, were
considered in many refs [2-7]. In ref [2] the good agreement
of the experimental and calculation dates are established on
the distribution of components in crystal Si-Ge, which have
been brought up by Chohral method and feeding of the melt
by the second component (Si) method.

In the present paper the problem of the distribution of
components in the crystals Si-Ge, which have been brought
up by Chohral method at the continuous double feeding of
the melt by the composite components (Si and Ge) is solved.
The aim of this investigation is the establishment of the
operational parameters and conditions for the bringing up of
the crystals Si-Ge with the given distribution of the
components along the axis of the crystallization, including
the homogeneous distribution.

The essence of the method of the double feeding of the
melt is as follows: from the moment of beginning of the
single crystal growth from corresponding melt the rods from
composite components are introduced in it. During of the all
cycle of the growth the crystallization velocity and velocity
of the feeding of the melt by the first and second components
are maintained constant.

The task was solved in the Pfann approximation at the
satisfaction of the following standard conditions [2]: the
crystallization front is plane; the balance, which is defined by
the phase diagram between solid and liquid phases, is on the
crystallization front; the diffusion of the atoms Si and Ge is
the scornly small; the diffusion velocities of the atoms of the

composite components in the melt are high enough and that’s |

VeK =V +Vgi + Ve, | o A

why the uniformity of melt composition is provided on the all
volume.

We note that all these conditions in the system Si-Ge
satisfy practically at the crystal velocity of growth <Smm/h
[2,3,7].

Let’s introduce the following designations V,,° and V,, are
melt volumes in the tigel at the initial and current moments;
V. is the melt volume crystallized in the unite of time; Vg
and Vg; are volumes of the feeding ingots of the Ge and Si,
introducing into the melt in the unite of time; C,,,and C, are
concentrations of the second component atoms (Ge or Si) in
the melt and crystal correspondingly; C is the general
quantity of the second component in the melt; K=C,/C,, is
the equilibrium segregation coefficient of the second
component; t is time. Taking into consideration the above
mentioned designations, we have:

dC,, CV,-VC C-VnC,,
dt V? \Y/

m

€]

=— and
2m V

m

On the task consideration we propose that V, Vg, and Vs;
don’t depend on time. In this case the following equation
takes place:

Vin=Vin" ~(VeVeerVsit |, V==V, +(Vg, +Vy),
C=-V.CK+V, @
Substituting the equation (2) into equation (1) we obtain:

dsz _ _VCCZm K +VSi +Vcc2m _(VSi +VGe )sz
dt Vrr? _(Vc _VSi _VGe )t

©)

After the variables’ separation in the equation (3) and
integration, we have:

_ |nVSi _(VCK _Vc +VSi +VGe )Cgm

Vc _VSi _VGe

Vrr? _(VCVSi _VGe )t - VSi _(VcK _Vc +VSi +VGe )sz

(4)
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In the equation (4) the integration constant is defined from
the initial condition C,,=C%, at t=0. Let’s introduce the
following equations: 7=V, a=VslVe, f=Vae/V. and with |

CZC :CZmK = i .
K-1+a+p

For the special case, when a+p=1 it is obviously that
V=V’ and V,=0. Then from the equation (1) after the
several transformations we obtain:

C,,=a—(a—-KC) )™ (6)

The formulas (5,6) give the distribution of the second
component on the crystal length | (as »~I) in dependence on
the operational parameters «, S and Co%m

The one of the widespread variants for the single crystals
obtaining of the solid solutions Si-Ge by the feeding of the
melt method is the using of the pure main component (Si or
Ge) in the capacity of the initial melt [2]. Using of this
variant is connected with the difficulty of the obtaining of the
seedings with the different concentrations of atoms Si and
Ge, corresponding with the initial melt composition. For this
variant, when C%,=0, from the equations (5) and (6)
correspondingly we obtain:

K(Z K-1+a+p
C,=——31-1-(1-a - 1—a-B 7
2 K—1+a+,6’{ [1-(1-a-p)/] } (7)
C,.=a(l-e7) ©)
3
B
B 2
sef0f —
LE 1
5/—'~—
0 " 2 p R 5

Fig.1. Dependences of concentration of the second component
with K>1(Si) on yfor crystals Si-Ge, constructed on the
base of the expressions (7) (curvesl,3) and (8)
(curve 2).

In the figure 1 for example the dependence curves of the
second component-Si in the crystal Ge-Si on y for the three
different values a+p, which are equal to 0,5, 1 and 2,
calculated from the equations (7) and (8) are given. In all
cases it is noted that o:f=1:9, that corresponds with the
feeding of the melt by the solid solution with 10 at.%Si. The
Si segregation coefficient is equal to equilibrium one, which
is defined from the phase diagram (K=5.5 [8]). The initial

K {a—[a—(K—

the help of them from the equation (4) after the uncompound
transformations, we obtain:

l+a +ﬂ)C§m]>< [1-(1-« —ﬂ)7]K1_-1;3ﬂ} ®)

Imaterial of the melt in the tigel is Ge. The analogous

calculated curves, for the case when the second component is
Ge with K=0,33 [8], are given in the fig. 2. Here the initial
material of the melt in the tigel is Si. The curves 2 in the
figures correspond with the case, when o+p=1 and are
constructed on the base of the equation (8). If for a+ /=1 the
process of the crystal growth can be continued unlimited
(curves2 and 3), then for a+ /<1 this process is limited by the
melt in tigel (curvel). This corresponds with the expression
in the square bracket in the equation (7) is equal to zero.
Indeed, if t=t,,, the term [1-(1-a-£)1]=0, then Vy=Vn-(V,-
Vee-Vsi)t=0. Practically, of course, the single crystal growth
ends earlier, than at t=t,,. The analysis of the equations (5-
8) and given for the example curves’ stroke (fig.1) show that
at K>1 for any remain constant values ¢, £ one can obtain
the single crystal with the practically homogeneous
composition. In addition, the part of the second component in
the homogeneous part of the crystal is defined by the
multiplier before the brace in the equation (5) or (7) for the
cases, when a+p=1 and is equal « at a+p=1. The variant,
when the second component is Ge with K<1 (fig.2), its
concentration grows continuously on the crystal length at
a+p<1 (curve 1) and that’s why this case can be applied
only for the obtaining of the crystals with the variable
composition. At a+ /=1 correspondingly with the equations
(5-8) and dates of fig.2, in principle the single crystal with
the uniform distribution of components can be obtained, but
it is no need to apply this method in practically because of
the big enough length of the inhomogeneous region (curves 2
and 3). Obviously, that single-minded calculations, carried
out for the different values ¢, g and o+g, will define the
operational parameters for the bringing up of the crystals Si-
Ge with the given distribution of components.

50

Fig.2. Dependences of concentration of the second component
with K<1(Ge) on yfor crystals Si-Ge, constructed on the
base of the expressions (7) (curvesl,3) and (8) (curve 2).

The practical realization of the double feeding of the melt
method for the bringing up of the single crystals Si-Ge can be
done on the installation, described in the ref [9], which has
the automatic system for the supporting of the given diameter
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of the growing crystal and the input mechanism of the distribution of components in the crystals SiGe, brought up
feeding ingots in the melt. The pulling velocity of the single by the double feeding of the melt method in Pfann
crystal Si-Ge should be within 1-5mm/h for the carrying out  approximation, shows the possibility of the obtaining of the
of the criterion of the equilibrium state between crystal and  single crystals as with variable, so with the homogeneous
melt [2,3,10]. compositions. The obtained expressions allow to find the

On the base of the above mentioned we can do the optimal conditions of the crystal growth with the given
following conclusion. The problem solving of the distribution of components.
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H.X. 9jderov, M.9. dkbarov, V.V. Mir-Bagirov

ORINTINI iKIQAT QIDALANDIRMA USULU iL3 ALINAN Si-Ge KRISTALLARINDA KOMPONENTL®ORIN
PAYLANMASI

Silisium ve germanium ile fasilesiz gidalanan erintidan yetisdirilon Si-Ge kristallarinda komponentlerin paylanma masalesi
Pfann yaxinlasmasinda hall edilib. Yetigdirilon monokristalin tarkibinin arintinin kristallasma ve qidalanma suratlerinin
minasibatinden ve onun baslangsc konsentrasiyasindan asiliiq tanlikleri alinib. Si-Ge monokristallarinda verilmis dayisen ve
bircinsli komponent paylanmasi alde etmak imkani gosterilib.

I'X. A’KJAPOB, M.A. AKIIEPOB, B.B. MUP-BAT'HPOB

PACIPEJIEJIEHUE KOMIIOHEHTOB B KPUCTAJJIAX Si-Ge, BRBIPAIIIEHHBIX METOI0OM JIBOMHOM
MMOAIIUTKHU PACIITABA

B ndaHHOBCKOM NPHOMMKCHUM pEIICHA 3aada paclpelesicHHs KOMIIOHEHTOB B KpHcTawiax Si-Ge, BBIPAICHHBIX B YCIOBHAX
HETIPEepHIBHON MOAIUTKY PACIIaBa KPEMHHEBBIM M T€PMAHUEBBIM CTEPXKHAMH. [l0TydeHBI ypaBHEHHS, ONPEAEISAIONNEC KOMIO3UIIUIO
pacTyIIero MOHOKPHCTAIIA B 3aBUCHMOCTH OT COOTHOIICHHUSI CKOPOCTEH KPHCTAIUIM3AIMN 1 MOAIUTHIBAHUS PACIIaBa, a TAKXKE CTAPTOBOTO
cocraBa pacruiasa. [Toka3aHa BO3SMOXKHOCTb HOJY4CHUsI MOHOKPUCTALIOB Si-Ge ¢ 3a1aHHBIMU EPEMEHHBIMU M OJHOPOAHBIMH COCTaBaMHU.
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THE ELECTRIC AND THERMOELECTRIC PROPERTIES OF Ag,Se
AT THE LOW TEMPERATURES

F.F. ALIYEV, G.P. PASHAYEV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

N.A. VERDIEVA
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In this work the temperature dependences of the conductivity- GG(T) , the Hall coefficient-R(T), thermoelectromotive force-¢q (T) of
Ag,Se at low temperatures have been analysed on the one type charge carriers and Kane low dispersion theory basis. It is established at the
electron concentration n<6,9-10**cm the carriers have been scattered by the ion impurities and the point defects, but at n>1,2-10%%m its

have been scattered on the ion impurities and heat vibrations of lattice. It is shown, that at T<30K the electron-electron interaction has
elasnic character.

The set of the refs [1-3] is devoted to the electric and In present paper the temperature dependences of electric
thermal properties of selenide of argentum. The authors [1,2]  conduction o(T), Hall coefficient R(T) and thermoelectromotive
showed that the electron dispersion law in Ag(2)Se is subject  force oy(T) at the low temperatures are studied.
to Kein’s model and at T>80K the main scattering
mechanism of carriers of current is the scattering on the e, uV K
ionized and acoustic phonons [3]. In the region 80 - 250K the 90 |
electron and phonon shares of the heat conduction are studied =
[3] and it is established that the Lorentz number (L) in Ag,Se
is the essential less than Zommerfeld’s one (L) and the
interelectronic interaction becomes inelastic
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& A 4 4= The samples of Ag,Se were obtained by the unified
0 - A M technology Ag,Se [4]: the stoichiometric composition with
50 100 150

the excess of Se and Ag up to ~0,2 at.%. The investigations
Fig.1. are carried out by the methodics [5]. In fig. 1,2 the R(T) (1.1)
and oT) (1.2) are represented and «(T) is represented in

Inspite of the fact that the given questions aren’t studied  fig.2. In all samples R(T) staies constant, but ao(T) increases

at the low temperatures, nevertheless they represent the linearly, that is typical for strong degenerate gas. It is visible
special interest for the studying of an electronic spectrum. that at n~12+20-10"*cmo almost doesn’t depend on T up to
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T~2K. At T>20K o increases with the temperature growth.
With the electron concentration decrease o depends on T
very weakly up to T~150K. The weak dependence o(T) is
caused by the weak temperature dependence of the electron
mobility that is confirmed by the constant concentration in
the investigated temperature interval. Usually the intensity of
scattering on the scattering centers increases with the
decrease of the concentration carriers [6].

For the conception of the given question, it is need to
calculate the temperature dependence of the mobility of the
carrier of charge. The mobility of carriers of current at the
strong degeneration and Kein’s dispersion law at the
scattering on the acoustic phonons (r=0) and ions (r=2) is
expressed by the following formulas [7]:

U _(2]1/3 epUOZh3n—l/3 i (1)
o 3 E KoT(m* )’ fa
223 2
U, = Mi 2)
2em* f

where p is the crystal density, Uy is the strain lattice potential,
Eq4 is the lattice deformation potential, m* is the effective
electron mass on Fermi level, y is the dielectric constant of
the crystal (where p=7,6g/cm® [4], Uy=5-10°cm/s, Es=10eV
[7], m*=0.18 m, [2], y=16[7] correspondingly), and f are
factors, taking into consideration the influence of unparabolic
on the scattering probability, which are calculated by the
following formulas [7]:

23 1 p 103, p.,
f(p/p =22~ P 229 F
(P pg) 12 20 p0+ 12 (po)
b 1 b 1 p, b+3c, p.,
f(p/ =a—-——+—(b+3 ———(b+3 — —
i(p/p)=2a 2+16( + C)+_2 8( + C)}(I%H 16 (po)
a=In1+1 —i;b=4+4—§—8§|n 141 ;c:2—12§+4—§+12§zln 141
E) 1+¢& 1+¢ & 1+¢ &
m m e’m = 1
P (m* )i Po (mn i A’ y(3mn )3 AK?Zr?

m, is the effective electron mass on the conduction band
bottom (m,=0,08[7]), K; is the quaziimpulse on Fermi level
and r is the screening radius, which is defined for the strong
degenerative semiconductors as follows [8]:

th 7T \1/3 v
= (=) ®3)

) {4mne2 3n
where n is the concentration of electrons. The results of the

calculation U(T) for strong degenerative electron gas
expressed by the following formulae with the use (1) and (2)

-1
u- 1t 1
u, U,

(4)

are given in the fig.3(a.1) for n~7-10%cm.

From the fig.3(a.1) it is seen that U(T) up to T<=35K
staied constant. The U(T) decreases with the temperature
growth higher than 35K and the calculated values of electron
mobility less than experimental in the given temperature
interval. This can be connected with that in Ag,Se the value
r doesn’t close to value of lattice constant. The divergence
of the calculated and experimental dates needs to take into
consideration the new scattering centers inside of U, in (4).

I The authors [9] inform that Ag,Se is characterized by the
Frenkel defect (it is obvious that these defects are point
ones), Ag vacancies in the interstices appearing because of
the Ag atoms, disposed statistically in sublattice. It is need to
take into consideration the contribution of mobility Ug,
calculated with the help of the relaxation time at the
scattering mechanism on the point defects for the standard

band as in [8]
7
j ()

where Vj is the constant, characterizing the amplitude of &
potential, Ny is the concentration of the point defects, which
is defined by the following way: in the present time for the
compounds A',,B"' there are two models of formation of
possible Ray’s [10] and Vei’s [10] defects, in the each of
which the dominating types of defects, causing the deflection
from the stoichiometry are defined. In the first model it is
proposed that creation of the deffect passes in two stages: the
neutral vacancy of metal V, appeares by the jump and then
the ionization vacancy appeares and as a result the hole
forms. Therefore, the complete? concentration of the defects
is defined as Ng=Va+V'4, and the concentration of the holes
is p=V'a. In the second model it is possible the introduction

mht P
T)=
7(T) (2mnk0T)“2mnV02Nd(k0T
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of atoms of metal in the interstices A=A;"+n, where A;, A;"
are concentrations of the neutral and ionized donors. The
complete concentration of the defects is as follows

Ng=Va+p-Ain (6)

where p-n=V',-A;", and p, n are defined in compliance with
(8]
Ng = Va+ V5 - 4 -A

or
(2m kT )*'? )
P:#(/)zhglzwl(:up)
2m k. T )2 .
and =T 10 (8 @)

3rz°h?

where m; is the effective hole mass (m,=0,54 [12]) f=g/koT
is the parameter of the parabolitic band, & is the width of the
forbidden band (g =0,18eV) [2], *=1p Ik T and
M = *IKoT, 14 and g, are chemicopotentials F.(z) and 'er
are the one-parametrical and two-parametrical Fermi

integrals.? The chemicopotential s, is defined from the
following expression [2],

ko Ié/zo(ﬂ::ﬂ) *}
S R R TR ®
€ |:|1(%)/2,0(:un1ﬂ)
and
Hy ==~ My ©)

where « is the thermoelectromotive force of the electrons in
the strong magnetic fields. Taking into consideration (8) and
(9) in (7) one can define p and n, and then calculate Ng.
Using the values Ng, Vo and m, in (5) the 7y(T) is defined. The
mobolity Uy(T) is defined as in [7]:

ery(T)
m

n

Ud(T): (10)

Substituting Uy(T) instead of U,(T) in (4), we obtain:

U(T)=(Ui+uij

i d

(11)

As it is seen from fig.3a the curve2 is corresponded with
experimental one qualitatively. It means that in the rich in Se
region, ie. where the argentum vacancies dominate, the
scattering on the centres, consisting of the defects of the
acceptor type is the dominate scattering mechanism. It can be
expected that in this temperature region the ion radius of
selen is less than wave length of the acoustic phonon [13].
From this figure it follows that at low temperatures for
n<12,35-10"%sm™ U doesn’t depend on T that is correspond to
the scattering on the ionized impurities. The U decreases
proportionally to T with the increase of the temperature,
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that shows on the active role of phonons in the scattering. By
dates U(T) the scattering on the acoustic and optical phonons
is hardly differed quantitatively. The dominate scattering
mechanism is better isolated from concentrational
dependence U(n). As it was shown in [14] the U.~n?,
Up~n™®,  U~n*®.  From this it follows that
temperaturedependence of the ratio Ui/U, is defined by the
temperature dependence Ug(Ui/Ux~T). From the fig.3 it is
seen that in dependence U~T“ the exponent =0,6 and is
almost doesn’t depend on electron concentration
(n<7-10"sm? is exception).It means that in the temperature
interval 20-100K the mechanism of electrons scattering has
the mixed character. In comparison with the other narrow-
band semiconductors the mobility of carriers of current in
Ag(2)Se is small. The possible reason of this phenomena is
the big effective electron mass [2] in this semiconductor.
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Fig.3.

From the fig.2 it is seen that in the interval 4-150K the
animation effect of the electrons by the phonons isn’t
achieved. Taking into consideration ny and oo(T) the
dominated scattering mechanism can be established also. In
the case of the one-band model the at the nonquadratic
dispersion law and any degree of degeneracy « is defined

e

In the fig.2 the results of a(T) calculation on the
formulae (12) for the three samples are given. As it is seen
the results, obtained about dominated scattering mechanism
of current  carriers in selenide of argentum agree with the
dates [14]. The calculations show that at the different
electron concentrations the dominated scattering mechanisms
are different. This uncorresponding it is follows that the
screening radius changes at the electron concentrations
changing. Here it is also important the character of the
interelectron interaction at the different scattering
mechanisms [15]. In the ref 3 the temperature dependences of
the experimental and calculated values L/L, for the set of the
narrow-band semiconductors [16-18] are given, in particular
for the values Ag, Te [19], being analog of Ag,Se. It is also
shown that at the decrease of temperature L—L, the

ko
e
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interelectron interaction became elastic at the pure ion
scattering realization. The analysis of temperature
dependence of the mobility and other kinetic parameters (for
example, o(T)) show the dominated ion electron scattering at
T<30K. Taking into consideration and by analogy to the

listed narrow-band semiconductors the temperature
dependence L/L, can be extrapolated even at the low
temperatures (fig.3(0)).

So we can make the following conclusion that the given
model with the strong degenerated of one type of current
carriers and Kein dispersion law is completely describes
electric and thermoelectric properties of Ag,Se at low
temperatures.
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Ag,Se KRISTALININ ASAGI TEMPERATURLARDA ELEKTRIK VO TERMOELEKTRIK XASSOL3RI

Bir tip kegiricilik G¢iin Keyn modeli nazars alinmagla dispersiya qanunu ssasinda elektrikkegirma, Holl effekti va termoelektrik
H.Q. tadqiq edilmisdir. Musayyan olunmusdur ki, n >1,2.10"%sm™ elektron konsentrasiyasi Ug¢lin yukdasiyicilar, ion asqarlar ve
akustik fononlardan, n£6,9-101ssm'3 Uglin ise ion asqarlarindan ve néqgtavi defektlorden sapilirlar.Gosterilmisdir ki, T<30-ds

elektronelektron garsiliqli tasiri elastiki xarakter dasiyir.

®D.D. Anues, H.A. Bepauesa, I' I1. Ilamnaes

JEKTPUYECKHUE U TEPMODSJIEKTPUUECKHUE CBOMCBA Ag,Se TIPU HU3KHX TEMIIEPATYPAX

B pabore aHaTM3UpOBaHBI TEMIIEPATYPHBIC 3aBUCHMOCTH 3JIeKTporpoBoaHocTH- o(T) , koadduuuenra Xoma-R(T) u Tepmoszc-ay(T) B
Ag,Se mpy HU3KUX TeMIIepaTypax B paMKax TEOPHH C OXHUM THIIOM HOCHTEJICH TOKa M KSHHOBCKHM 3aKOHOM JUCIIEPCHH, a TAKXKE C yIEeTOM
XapaKTepa MeXIEKTPOHHOTO B3aMMOJIEHCTBHS. Y CTAHOBIIEHO, 4T0 JUIs KonuenTpamuyn N<6,9-10*%cy™ Tok nocureneit paccensaercs na
HOHAX IPUMECH M TOYedHEIX fedekrax, a mms n>12-10"cm™ paccestiue mponcxoauT Ha HoHax mpuMeceii ¥ TEIIOBBIX KOTEGAHMIX
pemerku.ITokazano, uro mpu T< 30K MeXdIeKTPOHHBIE B3aMMOICHCTBHS HOCAT YIIPYTHIl XapakTep
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In the ref the results of experimental investigations of the electric and dielectric properties of the monoclinic TIS in the temperature
interval 260-440K are given. The anomaly at 411K, connecting with the phase transition is registered firstly on the temperature curves of the
electric conduction dependence, dielectric constant and tangent of the dielectric loss. The character of the anomaly is typical for the phase
transition of I1-type. The possible nature of the discovered phase transition is discussed.

l. Introduction

Mownocynpun Tamms  TIS is the semiconductor
connection, in respect of the binary connections of A°B®
type. By the TIS investigations it is established that this
connection can be crystallized in the different crystal
structures. The more populated type is the structure type of
the chain crystal TIS of the tetragonal modifications with the

space group (PG) of the symmetry Djﬁ (the structure

prototype TISe) [1-3]. It was informed comparatively recent
[4-8] about possibility of the obtaining of the single crystals
TIS with the layer type of the crystal structure as monoclinic,
so tetragonal modifications. The monoclinic crystal system of
the layer TIS (the structure analog of the layer crystal
TIGaSe,) [4-6-8] is described at the room temperature PG

CJ (in the literature are also discussed thew variants PG Cf

and C23h [5,7]) and characterized by the period of the crystal

grid: a=11,01A, b=11,039A, c=4+15,039A and b=100,69°.
The tetragonal cell of the layer TIS has the grid parameters at
the room temperature: a=b=7,803A and ¢=29,55A. According
to [7], PG of the layer crystals TIS of the tetragonal

modification can be Dj or Df :

The polymorphic transformations of the layer TIS have
physical properties. The layer crystals TIS of the monoclinic
crystal system are interesting by that at the atmospheric
pressure they are endured the successiveness of the structure
phase transitions (FP): at T;=341,1K from the high -
temperature paraelectric phase into the incommensurable
phase (NS) with the wave vector of the modulation

ki = [5;0;%) where 5~0,04 incommensurable parameter; at
T.=318,6K in the unknown, ferroelectric, commensurable
phase (S) with the quadrupling of the parameter of the
elementar cell along crystal axis c[4,6]. The carried
investigations in [4] show that lower than T. dielectric
hysteresis loops are observed and vector of the spontaneous
polarization is situated in the layer plane. By the dates of the
differential thermical analysis (DTA) and measurements of
the temperature dependence of the dielectric constant (&)
TIS it is established that [4-6] FP at T; is FP of Il type, and at
T. is FP of | type. The pieces of information about FP
realization in the structure of the layer TIS in the system TI-S.

The carried investigations have been proved the existence in
the structure TIS FP at 353K, in the result of which TIS
transfers from the monoclinic phase into tetragonal phase
with the totality of the diffraction pictures, which are
completely suit to the structure TISe. We mention that in [9]
on the TIS diffractograms the appearing of the satellite
reflexes, proving the polar C phase existion in the crystal
HC.

In the present paper the results of the experimental
investigations of the electric and dielectric properties of the
monoclynic TIS, obtained with the aim of the later
elaboration pecularities of the structure FP in TIS and
obtaining of the additional information about this crystal
movement in the high-temperature paraelectric phase are
informed.

I1. The samples and experimental methodics

The investigated samples TIS of the black-grey color had
the monoclinic structure, according to carried out Xx-ray
pattern investigations at the room temperature. The especial
character of the investigated monoclinic TIS as studied in [4-
8,9] is the existing in its composition the superstichiometric
sulfur quantity (T1S+4%S). The applicated technology of TIS
monoclinic crystal obtaining, and also the dates of X-ray
diffraction analysis will be given in [10] more in detail.

For the investigation the several especially picked up
samples of the natural spalling of TIS in the form of plane-
perallel plates with the mutual perpendicular directions of the
edges orientation, cutted out from the growed up ingot are
used. All above mentioned measurements correspond to the
sample with the line sizes 4+1,8+1,2mm°.

For the dielectric characteristics TIS measurement in the
capacity of the electric contacts the silver paste was used.
The electrodes from In were used at the temperature
dependence of the electric conduction investigation. Before
the electrods drifting the corresponding surfaces of the
samples were polished. The samples were in the vacuum
inside the thermostated camera with the aim of the averting
the possibility of the TIS samples oxidation in time of their
measurements. The sample’s temperature was controlled by
the copper-constantanal thermocouple with precision +£0,1°C.
The investigations were carried out in the quazistatistical
temperature mode, at this the temperature change velocity
was 0,1K+min™. The dielectric constant (&) and tangent of
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dielectric loss (tgo) measurememts were on the frequency
9,8Hs with the help of the alternating-current bridge because
of the high electric conduction of the TIS samplesin the
investigated temperature interval 250-440K. The electric
conduction measurements (o) were carried out on the direct
current on the standard methodics.

I11. The experimental results and their discussion

.z 400 350 300 T,K
107 4+ — .—‘
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Fig.1. The temperature dependence of TIS electric conduction,
measured in the heating (0) and cooling () modes of
sample

The temperature electric conduction dependences TIS,
measured in the mode of the heating and cooling of the
sample are given in fig.l. It is need to note, that
electrophysical characteristics of TIS, studied on the samples
with the mutual perpendicular edge orientation, had
practically the similar temperature dependences, but differed
by the value strongly. So, for example, the ratio of the
electric conduction values of the samples with the mutual
perpendicular edge orientation (3,571.10%¢2 cm® and
5,11-10°42 cm™) is ~7 at the room temperature. More over,
by the absolute value the electric conduction of the
investigated samples at the room temperature exceeds more
than one degree the value o of chained TIS [3] and 3-4
degree the value o of the layer TIS of monoclinic
modification, investigated in [8]. The heating curve o from
the opposite temperature has the line character in the
temperature interval 255-401K. The existing of the following
anomalies discover the more detailed heating curve analysis
o(1/-T) (constructed in the logarithmic scale).

1) The change of the slope gradient o(1/T) at T=328K,
obtained in the heating mode. The given anomaly is observed
on the dependence o(T) and in the cooling mode.

2) The little anomaly in the form of the deflection from

the line dependence is observed on the heating and

cooling curves o(T) in the neighbourhood T~378K.

3) The strong increase of o with the temperature growth

in the interval 401411K. The relative change o in the
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given temperature region is 3,36. The dependence
o(1/T) is likely again higher than T=411K. The
measurement of o, carried out in cooling mode of TIS
sample after its heating up to 438 showed the abscence
of any anomaly in the 6 movement in the temperature
interval 401-411K. The cooling curve o(1/T) has line
character in the given temperature region (but no
jumped).

The essential pecularity of the growed up TIS samples is
the complete reconstruction of their initial electric (and
dielectric also) properties after separate thermal maturing of
the samples at the temperature 250K during three days are
given in the fig.2. As it is seen from the fig. 2 the anomal
movement of the electric conduction in the temperature
interval 401+411K doesn’t re-create neither at the samples
cooling, nor at its heating on the o(1/T) curve. At the same
time the pecularities in the movement o(1/T) in the
nieghbourhood 328K are clearly followed.

107 260 T.K

10°}
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22
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Fig.2. The temperature dependence of TIS electric conduction,
measured in the heating (0) and cooling () modes after
the temperature annealing of sample at 250Kduring of
three days

The temperature dependences ¢ of TIS samples in the
temperature interval 270+425K, obtained in the heating and
cooling modes are given the fig. 3. As it is seen from the
fig.3, the heating curve &(T) is characterised by the anomalies
in the nax forms at the temperatures 377,6 K and 411K. The
given anomalies don’t re-create at the &T) measurements in
the cooling mode of the sample. The complete re-creation of
these anomalies on the dependence &(T) in the heating mode
is observed after the ewak thermal maturing of TIS samples
at temperature 250K. More over, the little anomaly is
observed in the neighbourhood 328K, which also doesn’t re-
create at £(T) of the several TISsamples (see inset to fig.3).

At last, the temperature stroke tgo TIS in the hearing and
cooling modes of the samples is given in the fig.4. As it is
seen from the fig.4 the essential growth tgo TIS takes place at
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the heating of the sample in the interval 380-410K. The big
electric conduction of TIS samples at temperatures, higher
than 410K complicates the tgé measurement, that’s why we
couldn’t registrate the max in tg&T) movement in the
neighbourhood 411K.

250

400 T,K

Fig.3. The temperature dependence of TIS dielectric constant,
measured in the heating (0) and cooling (e) modes of
sample. Insert to fig.3. The anomaly on the curve &(T),
observed at the investigation of some samples of TIS in
the neighbourhood of 328K.

—

PR
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tgd10?

300 400 TK
Fig.4. The temperature dependence of tgd TIS, measured in

heating heating (0) and cooling () modes of sample.

Summarizing the above mentioned dates about
temperature  dependences of electric and dielectric
characteristics of the investigated crystal TIS in the
temperature interval 250+440K, we can make the definite
conclusions about nature of the discovered anomalies. As it
was given in the introduction, the layer TIS crystals of
monoclinic modification combine the segnetoelectric and
semiconductor properties at the same time [4, 6]. From the
other side, according to the thermodynamic theory, the
character pecularities on the temperature dependences of the
wide of the prohiubited band have to be observed in the
segnetoelectric-semiconductors [11] in the structure FP area:
the jump at the FP of | type and temperature coefficient
change at FP of Il type. The registrated the change of the
inclination of the curve o(1/T) and the existence of the little
anomaly on the curve gT) of the several TIS samples at
T=328K could be connected with the discovered [4-6] FP of
Il type at T;=341,1K. However, the nonconformity with the
temperature of FP of Il type, obtained in the given paper with
the earlier published dates [4,6] and also the abscence the
character anomalies on the dependences &(T) and tg&T) are
possible connected with that the growed up TIS crystal of the
monoclinic modification differs subsantially on its physical
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properties from layer TIS of the monoclinic crystal system,
investigated in [4-6, 8]. It can be proposed that discovered
pecularities of the electrophysical properties of the
investigated TIS at 328K and in the neighbourhood 378K are
connected with the structural FP between different TIS
polymorphic transformations. The finding out of the
mentioned above anomalies’ nature in the temperature
movement electric and dielectric properties growed up TIS
needs the carrying out the additional structural investigations.

Let’s stop on the possible nature of the anomalies at
411K. The combination of the experimental results allows to
consider that near T~411K TIS endures FP, having the
character traites FP of | type. The phase, appearing at
T>411K is metastable. The relaxation time, needed for the
complete re-creation of the initial physical properties of the
sample is 160-170 hours at the thermal relieving at T=250K.
We consider that in TIS in the temperature interval
401+411K is FP in the state with the superion conductivity.
The obvious analogy between pecularities of TIS electric and
dielectric properties in the given temperature interval with
the properties of the superion semiconductors [12, 13] is the
argument in the benefit of this interpretation of the above
mentioned experimental results.

As it is known [13-15] the ion currents in the superion
semiconductors (solite electrolyties) are caused by the
existence of the defects in their structures as vacancies and
interstitial atoms (Frenkel and Shottki defects). At the same
time the temperature dependence of ion conductivity is
subject to thermoactivation law of the appennycosckoro type
[13-15]:

o(T)= % : exp(— &) 1)

KT

where o is the frequency factor; E, is the activation
energy, defined by the defect creation energy and ativation
energy of its motion; k is Boltzmann constant.

The character pecularity of the heating curve o(1/T) of
our samples (as other superion semiconductors) is the
existence of three like temperature areas with the different
inclination angles.

1) The inclination angle of the like area of the heating
curve o(L/T) in the temperature interval 330+401K is
characterized by activation energy E,=0,224eV. ???

2) The inclination angle of the like area of the heating
curve o(1/T) in the temperature interval 401-411K is
characterized by E,=2,66eV. The given temperature area, so-
called the intrinsic conductivity area [13], is that type region,
where the superion conductivity appears. The ion
conductivity on this temperature area is defined by the
defects, created in the crystal lattice because of the warmth
[13,14]. The activation energy value on this area is more by
the value, than in the temperature interval 330+401K, as Ea
is defined by the energies’ sum, needed as for the defect
creation so for the its motion along the crystal. In many
superion conductors this area is finished by FP type order-
disorder. The discovered the anomaly on the curve
&T) TIS at 411K is connected with the existence of this FP.

3)The inclination angle of the area of the heating curve
o(1/T) in the temperature interval 401+411K corresponds to
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the activation energy E,=0,226 eV. The given temperature
area corresponds to conductivity in the strong
pasynopsinouHas crystal structure.

We note also, that in [3] the pecularities like above
mentioned were discovered in the another temperature region
300+350K at the investigation of the electric conduction
temperature dependence and Hall coefficient of the chain TIS
of the tetragonal transformation (structure analog TISe). By
the sign of Hall constant in [3] it is established that the main
role in the electric conduction of the chain TIS play the
positive charge particles (holes according to [3]). Besides by
the authors of [3] it is established that in the temperature
interval 300+-350K Hall mobility m(n) is subject to law
1~T8%, in 215+300K the temperature dependence
1+~T8™ In [3] it is noted that such temperature movement of
Hall mobility of the chain TIS doesn’t correspond to any
from the famous

carriers’ scattering mechanisms in the semiconductors [16].
On our opinion the authors of [3] don’t consider the FP
possibilities in the state with the superion conductivity,
which also takes place in the chain TIS structure of the
tetragonal transformation. Using dates about Hall coefficient
sign [1,3] it can be proposed that in TIS structure the
transition in the state with the superion conductivity is caused
by the pasynopsimouenuem in taymutresoit sublattice because
of potential barrier decrease between allowed t¢umit
cations’ positions in the temperature interval 401+411K.
Nevertheless, the authors of the given paper consider
that the above mentioned experimental facts connect with the
pasynopsmouennem in  the anionic sublattice of the
investigated TIS, Because of the existence of the
nonctoichiometric quantity of sera anions in TIS lattise, the
last, situated in the interstices of the tetragonal elementary all
TIS, promotes to the monoclinic distortion of the initial
elementary cell. At the achieving of the temperatures,
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is the wide of the anionic sublattice and later the
appearing of the pecularities in the temperature movement of
TIS electrophysical properties in the temperature interval
T>401K.

The authors are thankful to T.S.Mamedov and
A.S.Nadjafov for the giving of the samples for the
investigations.

[9] R.M.Sardarli, A.P.Abdullayev, G.G. Guseynov, A.l.
Nadjafov, N.A. Eyubova. Kristallografiya, 2002, t.45, 4,
606-610 (in Russian)

[10] A.l.Nadjafov, G.G.Guseinov, M.Yu. Seyidov, T.G. Mam-
madov, T.S. Mammadov (to be published)

[11] V.M. Fridkin: segnetoelektriki - poluprovodniki. M.
Nauka, 1976.

[12] M. Dammak, H. Khemakhem, T. Mhiri. Journal Phys.
Chem. Solids, 2001, 62, 2069-2074.

[13] Light Scattering in Solids Ill. Recent Results. Ed. by
M.Cordona and G. Guntherodt, Springer — Verlag, 1982,
pp. 311.

[14] Ch. B. Lushchik, A.Ch. Lushchik: Decay of electronic
excitations with defect formation in solids, Nauka,
Moscow, 1989, pp.262.

[15] A.F. loffe: Fizika poluprovodnikov, lzd., AN SSSR,
Moskva, 1957, 491c. (in Russian)

[16] R.A. Smith: Semiconductors, Cambridge, 1978, pp. 558.

B.I1. AasieB, C.C. ba6aes, IIL.T'. I'aceimoB, A.A. Ucmangios, T.I'. Mamenos,
Mup-T'acan 1O. Cennon

AHOMAJIMM JIEKTPUYECKHUX U TAJIEKTPUUYECKUX CBOMCTB KPUCTAJLIOB
TIS B OBJIACTHU ®A30BbIX IIEPEXO/JIOB

B paGote npencraBieHBI pe3ysIbTaThl SKCIEPUMEHTAIBHBIX UCCIICIOBAHNHN 3IEKTPHUSCKUX U TUIIEKTPHUECKUX CBOHCTB MOHOKIIMHHOTO
TIS B wuntepBane temmeparyp 260+440 K. Ha KpHBBIX TeMIepaTypHOH 3aBHCHMOCTH BJICKTPOIPOBOJHOCTH, JHUAICKTPHYCCKON
MIPOHUIIAEMOCTH M TaHTEHCa yIJla AUIJIEKTPHUECKUX MOTEeph BIIEPBBIC 3aperucTpupoBaHa aHomanus npu 411K, csassiBaemas ¢ (a3oBBIM
nepexomoM. XapakTep aHOMAJIMX THIIMYEH st (azoBoro mepexoxa |- poma. O6cyxaaercs Bo3MOXKHAS IIPUpoia 00HAPYKEHHOTO (Hha30BOro

nepexoa.
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Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm) TiPLI BIRLOSMSL3RIN ELEKTROFIZiKi
XASSOLORININ ToDQIiQi

H.R. QURBANOV, A.9. NOBIYEV
Azarbaycan Dovlet Pedaqoji Universiteti
Baki, Uz.Hajibayov 34.

La,GeS; (La, Ce, Pr, Nd, Sm) tipli birlesmalar alinmig, onlarin elektrofiziki xasselori: elektrikegirmasi, termo e.h.q.
yukdasiyicilarin yaruklayd 300+1000 K temperatur intervalinda tadqiq edilmisdir.

Elektrikkecirmanin temperaturdan asililig qrafikden mexsusi oblastda gadagan olunmus zoladin eni hesablanmis va
AE=1,83-2,01eV qgiymatler aldigi musyyan edilmisdir. Termo e.h.g.temperaturdan asili olaraq azalr ve butin temperatur
intervalinda p-tip keciriciliya malik oldugu gostarilmisdir.u=oP ifadasinden yurikliyin temperaturdan asiliigr dyrenilmis ve

sapilma mexanizmi tayin edilmisdir.

La,GeS,, Ce,GeS,, Pr,GeS,, Nd,GeS, va Sm,GeS, Uglu
birlegsmaleri komponentlerin 1:1- nisbatinds sintez
olunmusdur. Bu birlesmalar tgln xarakterik xisusiyyst
heksoqonal singoniyada kristallasmasi ve La—dan Sm-a
kecdikde (La—Ce—Pr—>Nd—Sm) gefas sabitlerin azal-
masidir (a=9,95+9,80A ; ¢=6,14+5,57A). Eyni zamanda
mikrobarkliyin giymati de@ hamin birlesmaelerds ardicil

olaraq artir.

Yuxarida gostarilon birlegsmalerin yarimkegiricilar ol-
masini muayyan etmak maqsadi ils, onlarin elektrofiziki
xassaolari genis temperatur intervalinda tadqig olunmus-
dur. Tadqiq olunmus birlesmalarin otaq temperaturunda
fiziki xassaleri cadval 1-da verilmisdir.

Cadval 1.

Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm) tipli birlegsmalerin 300 K-do bazi fiziki xassaleri
Birlesma Elektrik Termo-e.h.q. | Yukdasliyicila- | Yukdasiyicilarin | Qadagan olun- Kegirici-

kecirms, o, a, MKV/K rnn ylrikliyld, | konsentrasiyasi, | mus zoladin eni, liyin tipi

om'1, sm’ 4y sm?/V.san p, sm’ AET, eV n, P
La,GeS, 2,4-107 390 12,4 8,6.107° 1,83 P
Ce,GeS, 7,810 386 8,42 9,4.10™ 1,87 P
Pr,GeS, 2,310 371 7,44 4,.8.10" 1,94 P
Nd,GeS, 6,6-10™ 360 5,70 6,3.10" 1,97 P
Sm,GeS, 8,5-10™ 326 2,62 7,6.107 2,01 P

Cadvaldan goérundiyu kimi Ln,GeS,-den Sm,GeS, La,GeS,, Ce,GeS,, Pr,GeS,;, Nd,GeS,; ve Sm,GeS,

-0 kecdikda (La+Sm) elektrikkegirmanin giymati artdigi
halda, termo e.h.q.-nin giymati azalir. Bu zaman yukda-
styicilarin yurdkliyt texminen dérd defeden ¢ox azalr.
Otaq temperaturunda birlegsmalerin fiziki parametrlori-
nin bele deyismasi La+Sm sirasinda yukdaglyicilarin
konsentrasiyasinin dayismasi ile ealagalendirilo bilar.
Gosterilan halda ise gadagan olunmus zolagin eni artr.
Belo ki, La,GeS, birlasmasi U¢lin 4E;=1,83eV oldugdu
halda, Sm,GeS, tgin 4E;=2,01 eV qgiymatini alir.

Qeyd edak ki, tedgiq olunan birlegsmaler sirasinda
asasan nadir torpaq elementleri (La, Ce, Pr, Nd, Sm)

dayisir. Bu elementlerin ion radiuslar (rLf’ =1061,
2 =1034; 1P =1013; 1y =0995; roS =0,964F;)
La+Sm sirasinda azalr. Eyni zamanda birleagsmalerin
kristal gafesinin sabitleri de azalir. Gosterilon parametr-
lerin bu cur dayigsmasi tadqiq olunan birlesmalards ga-
dagan olunmus zoladgin eninin artmasina sabab olur.
Hemginin gadagan olunmus zolagin eninin dayismasi
birlegsmalerde nadir torpaq elementlerinde (La+Sm) va-
lent elektronlarinin lokallagsmasinin artmasi ve bununla
da kegiricilik zonasinda elektronlarin sayinin azalmasi
ilo izah etmak olar.

Fiziki xassalerinin dyrenilmasi gedisinde miayyan
olunmusdur ki, birlesmalarin besi de 300 K-de P-tip
kegiriciliys malikdir.

birlesmalerinin  elektrikegirmasi ve termo e.h.q.-si
300+1000K temperatur intervalinda olgllmis, alinmis
naticaler isa uygun olaraq sakil 1 ve 2-da verilmisdir.
Elektrikkegirmanin ve termo e.h.q.-nin temperaturun
artmasi ile dayismasi, Igo~f(10°%/T) ve a~f(10*/T) asililiq
grafikinden gorindidyl kimi  yarimkegiricilor  Gglin
xarakterikdir.
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Sakil 1. Ln,GeS,-(Ln=La, Ce, Pr, Nd, Sm) tipli birlesmalarin
temperaturdan asililiq grafiki: 1-Sm,GeS,; 2-Nd,GeS,;
3 - Pr,GeS,;4 - Ce,GeS,, 5- La,GeS,.
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Tadqgiqg olunan birlesmalerin 5-de do elektrikkegi-
renin giymati 300+-1000K temperatur intervalinda artir.
~T<450K temperatur intervalinda elektrikkegirma nisba-
ten az dayisir vo bu asqar kegiricilik oblastina uygun
galir. ~T<500K temperatur intervalinda ise elektrikegir-
ma temperaturdan asili olaraq kaskin dayisir. Bu isa
maxsusi kegiricilik oblastina uygun galir.
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Sakil 2. Ln,GeS,-(La, Ce, Pr, Nd, Sm) tipli birlesmalarin
termo e.h.q.-nin mperaturdan asilihq grafiki:
1- La,GeSy; 2- Ce,GeSy; 3 - ProGeS,;4 - Nd,GeSy;
5- Sm,GeS,.

Qeyd edsk ki, asqar kegiricilikden, maxsusi kegiricilik
oblastina kegid temperaturu La,GeS;-den Sm,GeSg-isti-
gamatinds (La—>Ce—Pr—Nd—Sm) asadi temperaturaya
dogru surisur (490—460). Asagi temperatur intervalin-
da (asqar kegiricilik oblasti) birlesmalerin aktiviegsma
enercisinin giymatleri hesablanmis ve AE(,=0,22+0,30eV
oldugu musayyen edilmigdir. Yuxar temperatur inter-
valinda ise (maxsusi kegiricilik oblasti) birlegsmalarin qa-
dagan olunmus zolagin eni E;=1,83+2,01eV giymsatleri
almisdir.

Termo e.h.q.-nin giymati ise birlegsmalarin hamisinda
temperaturun artmasi ile azalir (300+-1000 K temperatur
intervalinda) Nd,GeS, va Sm,GeS, birlegsmalerinin termo
e.h.q.-si otaq temperaturuna yaxin temperaturda
(~T<350K) nisbatan az dayisir.

Tadgiq olunan birlesmsalarin hamisinda termo e.h.q.-
si ~T=750 +800 K-den temperaturun artmasi ile keskin
azalir. Temperaturun ~T>860 K gimatinds isa birlegsma-
lerin termo e.h.q.-nin giymatinin az da olsa artmasi hiss
olunur.

Termo e.h.q.-nin isarasinin dayismasina gora kegiri-
ciliyin tipi teyin edilmis ve muiayyan olunmusdur Ki,

tedqiq olunan temperatur intervalinda birlegsmalarin ha-
misi P-tip kegiriciliya malikdirlar.
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Sakil 3. Ln,GeS4-(Ln=La, Ce, Pr, Nd, Sm) tipli birlesmalerinin
yurdkliytnidn temperaturdan asililiq grafiki:
1- La,GeS,; 2- Ce,GeSy; 3 - Pr,GeS,;4 - Nd,GeSy;
5- Sm,GeS,.

Yukdaslyicilarin yariklayl (g=oR,) ve konsentrasiya-
sini hesablamaq Ug¢lUn LayGeS,;, Ce,GeS,;, Pr,GeS,,
Nd,GeS,; ve Sm,GeS, birlesmalerinin Holl effekti olgul-
musdur (300+1000K temperatur intervalinda). Yukdasi-
yicilarin yurukliyindn temperatur asiliigr (7=300+1000k
temperatur intervalinda) sekil 3-de qgrafik olaraq veril-
misdir £ gu~f(¢ gT). grafikinden ylrUkliyin temperatur-
dan aslh olaraq dayisma daracasini (y~TiK) hesablamaq
olur. Burada «K» misbat ve manfi giymatlar almaqla, -
nun temperaturdan asili olaraq deyisma daracesini gos-
torir. Temperaturun ~T<350K intervalinda K~0,11+0,18
T~400+490K temperatur intervalinda ise K~(0,52+0,61)
giymatlari almisdir. ~T>500K temperatur intervalinda isa
K=-(1,5+2,1) giymatler almisdir. Goriindiyu kimi birinci
va ikinci temperatur intervalinda K-nisbaten kigik qiy-
matler alir va bu baximdan sapilma mexanizminin akus-
tik oldugunu demsak olar. yuxari temperatur intervalinda
isa «K»-nin bdyuk giymatlar almasi sepilme mexanizmi-
nin ham akustik ve ham da optiki oldugunu goéstarir.

Elektrikkegirma va termo e.h.g-nin temperaturdan
aslili olaraq deayisme xarakterini, bilavasite yukdasiyicila-
rin yUrukliylinin temperaturdan asili olaraq deyismasi
ilo izah oluna bilar. Bu ise yurukliyun ve digar para-
metrlarin (o,a) tadqiq olunan kristallarda yikdasiyijilarin
konsentrasiyasinin deyismasi ilo slagslandirila bilar.

A.F. loffe. Fizika poluprovodnikov. M. L. AN SSSR.
1957.
I.M.  Carskiy,

(1]
(2]

Q.I. Novikov. Fizigeskie metodi
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issledovanie i neorganigeskoy ximii. M., Vis. Skola,
1988.
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H.R. Gurbanov, A.A. Nabiyev

THE INVESTIGATION OF ELECTROPHYSICAL PROPERTIES
OF Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm) COMPOUNDS

The compounds of type of Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm) are obtained and at the temperature range of 300-1000 K their
electrophysical properties such as electrical conductivity, thermo-e.m.f. and charge carrier mobility are studied.

On temperature dependence of electrical conductivity in intrinsic range of conductivity the band gap energy is determined.
It is shown, that at given temperature range with increasing of temperature the thermo-e.m.f decreases and in these compounds appears p-
type of conductivity.

On u=o0R, relation are determined the temperature dependence of mobility and scattering mechanism.

I''P. I'yp6anoB, ®.®D. Haduen

HNUCCIEJOBAHUE SJIEKTPO®U3NUYECKHUX CBOWCTB COEI[I/IHEHI/II7I
THIIA Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm)

IMonyuensl coequHeHus tuna Ln,GeS, (Ln=La, Ce, Pr, Nd, Sm) u B wunrepBane temmeparyp 300+1000 K, wusyueHsl ux
3I1EKTPODYHU3MIECKUE CBOUCTBA: YENEKTPOIPOBOJHOCTE, TEPMO —3.11.C. ¥ OJBUKHOCTH HOCUTENIEH 3apsa.

W3 TeMrepaTypHO#l 3aBHCHMOCTH DJIEKTPOINPOBOAHOCTH B COOCTBEHHOW OOJACTH ONpeleiieHa MIMPHHA 3alpeleHHON 30HbI, Tie
AE,=1,83+2,015B.

[Toka3aHo, YTO B M3YYCHHOM TEMIIEPATYPHOM HHTEPBAJE C POCTOM TEMIIEPATYPhI TEPMO — 3.1.C. YMECHBIIACTCS W JaHHbIE COCIUHEHHSL
MPOSIBISIFOT P~THIT TIPOBOIAUMOCTb.

U3 cootHommenus L=cR, ompeeeHa TeMneparypHoas 3aBHCUMOCTb OJBIKHOCTH | ONPEIENIEH MEXaHU3M PAaCCEsTHUSL.

Received: 24.05.2003
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KiMYaVi COKDURM®S YOLU iL3 ALINMIS YUKSSK FOTOKEGIRICILIYS MALIK
CdS NAZIK TOBOQOLORININ ToDQiqi

Z.9. VOLIYEV
Naxcgivan Dévlet Universiteti

M.H. HUSEYNSLIYEV
Azarbaycan MEA-nin Naxgivan bélmeasi

Kimyavi ¢okdiirma yolu ile alinmis CdS nazik tebaqgslerinds otaq temperaturunda gox yiksak fotokegiricilik askar edilmisdir.
0isiglogarani. kegiriciliklorin nisbati 4-10' kimidir. Stasionar hal gox uzun miiddet erzinde alinir. (ahv)? ~ f(hv) asiliigdan tebaqganin

gadagan olunmus zonasinin eni miayyan edilmigdir.

CdS nazik tabaqgalarindan fotovoltaik geviricilar kimi
istifade edilmasi perspektivi onun ¢ox mikemmal struk-
turlu tabaqgalarinin alinmasi Uglin daha takmil epitaksial
texnologiya Usullarindan istifade etmayi sortlondirir.
Kimyavi ¢okdlirmae Usulunun sadsliyi va bir ¢ox Ustl-
nlikleri [1] ondan genis migyasda istifade etmak Ugln
stimul yaratmisdir. Xususile bu usul varizon strukturlar
almagq Ugun ¢ox alverislidir.

CdS nazik tebagslerinin  alinmasinda kimyavi
¢okdirma Usulundan istifade edilmisdir. CdS - nazik te-
baqesi slise althiglar Gzerinde alinmigdir. Bunun Gglin
slise althq avvalce xrom tursusunda sonra isa destilla
suyunda yuyulur. Sise althq saquli sekilde igerisinde
temperaturu 90-95°S mahlul olan laboratoriya stekani-
nin daxiline yerlasdirilir. Mahlul 0,5mol. kadmium asetat
va 0,5mol. tiomogevinadan ibarat olmagla hazirlanir.
Bunlardan elave msahlula kompleksamaologatiren
komponent olaraq trietanolamin, adgeziya yaratmaq
magsadi ile nasatir spirti slave edilir. Maqgnit qarisdirici
vasitesile mahlul daima qansdiniir. 15-20 dagigadan
sonra slga altlig ¢ixanhr va destille suyunda yuyulur.

Bu Usulu tetbig etmakle alinan CdS tebagasi kifayat
gader bircins olmagla yanasi, onun sisa ile adgeziyasi
da genastbaxs olur. CdS-tebagasine In kontaktlari
vurulmus va onun fotoelektrik xassalari dyronilmisdir.
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Saokil 1. Fotokegiriciliyin zamandan asilihginin kinetikasi:
1-tabaganin uUstiina

Otaq temperaturunda gox yiksak fotokegiricilik mu-
sahide edilmisdir. Qaranligda nimunanin mugavimati

~10"°0om oldugu halda 100 vattliq lampanin isigi altinda
(~25sm masafadan) bu miigavimat 2,510°om—a gader
asagl enmisdir. Yani isig-qaranlig migavimatinin nisbati
4-10'"°—a barabar olmusdur. Sakil 1-da otaq temperatu-
runda CdS nazik tebagasi Gglin fotokegiriciliyin zaman-
dan asili qaranligdan — isiga (1-ayrisi) ve igiqdan — ga-
ranliga (2-ayrisi) ayrileri gostarilmisdir.

Sakilden goériindiyl kimi isigdan garanhida kegerkan
mulqgavimatin stasionar hala uydun giymat almasi ¢ox
otaletli prosesdir. 1 ayrisi 6z stasionar halini (tebaganin
Ustline igiq salinir) 1 saata aldi§i halda (3.103 san), 2-
ayrisi 6z stasionar halini 10 saatdan ¢ox (~ 4-10* san)
muddate alir.

CdS nazik tebaqgesi Uglin yiksak fotokegiricilik
haqqinda [2] isinde malumat verilmisdir. Bu isde CdS
nazik tebagasi piroliz Gsulu ils alinmig va xUsusi olaraq
Oo-ile asqarlanmigdir. Yalniz bu texnoloji emaliyyatdan
sonra CdS nazik tebagasinds isig-garanliq kegiriciliklori
nisbati an ¢ox 107 - yo barabar olmusdur.
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Sokil 2. CdS nazik tebagasinin optik buraxma ayrisi

Kimyavi c¢okdirma yolu ile aldigimiz CdS nazik
tebaqoesinde ise he¢ bir asqar vurulmadan bu nisbat
4-10"-a gadar qalxmisdir ki, bu da CdS-nazik tabaqgalari
Ucln halelik an yiksak naticadir.

Alinan CdS-nazik tsbagssinin gadagan zonasinin
enini mayyan etmak Ugilin «<SPECORD-40M» spektro-
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fotometri vasitesile onun optik buraxma ayrileri ¢okil- Optik buraxma ayrisine asasan a2~f(hv) asillig
misdir (sakil 2 ). ¢okilmis va bu asililigdan diiz xatt oblastinin ekstropol-

(1]

(2]

yasl Usulu ile tabagenin gadadan zonasinin eni muay-
20 yon olunmusdur: Eg = 2,36 ev (1-ayrisi, sakil 3). Qeyd
etmak lazimdir ki, alinan nazik tebagalerin galinhglarini
O6lgmak mumkin olmadidindan bu asiliigi eslinde
serbast vahidlerde & - nin hv-den asilihgr kimi basa
dismaek lazimdir. Bu ise Eg-nin ta'yinina heg¢ bir xalal
gatirmir.

Bir cox musallifler Eg-nin tayininde (ahv)*>-nin hy—
dan asiliig ayrisindan istifade etmayi Ustln bi lirler. Bu
aslliigdan istifade etdikde CdS—nazik tebaqgssi tU¢ln Eg-
=2,42 ev (2-ayrisi, sokil 3) alinmisdir. Bu giymat [3]
isinde CdS—in gqadadan zonasi Uglin gdstarilon giymatle
tamamile eynidir.

CdS nazik tebagalerinda ¢ox yuksak fotokegciriciliyin
muisahide olunmasi onu soéylemays imkan verir Ki,
kimyavi ¢okdirma Usulundan istifado etmakle ham da
birlegsmalerda bir sira indikal xassaler migsahide etmak

Sakil 3. a*~f(hv) (1 ayrisi) va (ahv)*~f(hv) (2 oyrisi) mamkundr.

asllililglar.
M.H.Hiseynaliyev. «Muasir riyaziyyat Vo Technol». A. Vol2. Ne 2 Apr-June 1984 pp. 332-335.
tebistsunash@in problemlari» NDU. Naxgivan 2001. [3] G.K.Padam., G.L.Malhotra and S.U.M.Rao.
sah. 89-92. «J.Appl. Phys» 63 (3) 1988 pp. 770-774.

D.Richards., A.M. El-Korashi. «J. Vac. Sci.
Z.A.Veliyev, M.H. Huseynaliyev,

THE INVESTIGATION OF THE HIGHLY PHOTO CONDUCTING
CHEMICALLY DEPOSITED CdS THIN FILMS

Highly photoconductivity at room temperature is observed in the CdS thin films obtained by the chemically deposition technique.
The ratio of the conductivities jighi/ogar is equal to 4-10%. The establishment of the stationary state lasts very long. The energy gap of the

film is determined from the dependence (ahv)? ~ f(hv).

3.A. Beaues, ML.T'. I'ycelinanunen

HCCJIEJOBAHUE TOHKHUX INTEHOK CdS C BBICOKOM ®OTONPOBOJIMMOCTH,
MHNOJYYEHHBIX XUMHWYECKHUM OCAXKJIEHUEM

B ronkux mrénkax CdS — TMOJYYCHHBIX XUMHUYECKUM OCaXK/ICHUEM 06Hapy>1<eHa OYCHb BBICOKast (1)0TOHpOBOI[I/IMOCTI), pu KOMHATHOH

Temieparype. OTHOIICHHE IIPOBOIMMOCTEH Goger Orens PABHsIIOCH 4-10™°. VeTaHOBNEHHE CTALIMOHAPHOTO COCTOSHUS JUTHIICS OYCHB A0nro. U3
sagucumoctH (ahv)? ~ f(hv) onpenenesa muprHa 3anPEIICHHON 30HBI IUICHKH.
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STATIONARY AXISYMETRIC GRAVITY AS A PRINCIPAL CHIRAL FIELD MODEL

M.A. MUKHTAROV
Institute of Mathematics and Mechanics
370602 Baku, F. Agaev str.9, Azerbaijan

The stationary axisymmetric gravity equations (Ernst equations) are reduced to the principal chiral field problem with moving poles.

Applying of the discrete symmetry transformations is discussed.

1. The problem of constructing the exact solutions of
nonlinear evolution equations in the explicit form remains
important for the present time. The existence of very rich
integrable structure of Einstein equations have been
conjectured by different authors. But the real discoveries of
its integrability properties of stationary axisymmetric version
of these equations, known as Ernst equations, and effective
procedures for construction of solutions have been started in
the papers of Belinskii and Zaharov [1]. In these papers the
inverse scattering methods have been developed for vacuum
gravitational fields. Among other approaches we have to
point out the algebra-geometrical approach of Korotkin,
Matveev and Nicolai [2-4]. Ernst equations as almost all so
called integrable system can be obtained by symmetry
reduction of the four dimensional self-dual Yang Mills
(SDYM) equations that plays therefore the central role being
the universal integrable system. The problem of integration
of SDYM has successfully solved only for the case of
SL(2,C) algebra and for instanton number not greater than
two. The famous ADHM ansatz [5] gives the qualitative
description of instanton solution but not its explicit form.
Two effective methods of integration of SDYM for arbitrary
semisimple algebra have been proposed in series of papers
[6]. Another, the discrete symmetry transformation approach
has been suggested [7] that allows to generate new solutions
from the old ones. This method has been applied to many
cases, for instance, the exact solutions of principal chiral field
problem were obtained in [8] for the case of SL(2,C) algebra
and in [9] for SL(3,C) and the rest semisimple algebras of
the rank greater than two. This method can be effectively
applied to the so called principle chiral problem with the
moving poles [10].

This work shows how Ernst equations can be reduced to
principle chiral problem with the moving poles with future
possible application of the discrete symmetry transformation
method.

2. The Ernst equation describing  stationary

axisymmetric metrics in general relativity can be
represented in a form [11 ]:

(P9,97); +(p9,97), =0 L)

wheregis real and symmetric (2x2) matrix and

detg:—pz, subscripts stands for partial derivatives

throughout this paper.
Using the known formula from matrix theory

L0
sp(g9,9™") =5Indetg )

and taking trace from both sides of (1), we have:
0 0
(PPN +(p—=(=p*), =0
0z 0z

Finally, we get the D’ Alambert equation for p

and its solution in terms of two arbitrary functions:
P =¢.(2) +,(2).

Due to conformal invariance of the theory we can without
loss of generality put @,(z) > 2 , ¢,(Z) — Z and get the
expression for p as:

p=Z+1Z 3)

Then we can write currents of the corresponding linear
system in a form:

(z+2)9,07" =F,

4
(2+2)g,9" =-F, X

If we take the complex conjugate of the first equation of
(4) and compare the result with the second one then we come

to the conclusion that F is pure imaginary function, i.e.

*

F'=—F 5)

Then using (2) we have

. 8
spF, =sp(p9,97) = P p* =2

Thus we have the second constrained property of F :

SpF, =2

6
SpF, = —2 ©

Let’s introduce the element § = go , where G is a matrix
of inner automorhpism having the form:
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0 1
o= ( 1 Oj we eventually come to the equation
One can be convinced by the direct check in the following (z- z)fZ ;= [fz , fz] (11)
properties: ’
spg =0 with additional relations
g°=p’l ()
— o rankf, = rankf, =1 (11a)
g =p 9
spf, =1/2
(11b)
For the element O defined as O =F + g we rewrite spf, =-1/2
relation (4) as detRed=1/16 (11c)
6,=0,(p"g+1)
SRR (8)  Equations (11) are equations of principle chiral field problem
0, =0;(-p"g+1) with moving poles considered in [ ]-[ ] in context of discrete
symmetry transformation method. Let’s remind that this
Note the evident relation coming directly from (7): transformation allows to directly construct new solutions
from the known initial ones, i.e. if f is the solution of (11)
(p7g+1)(-pg+1)=0 then F = D,(f)is again solution of (11). Here Dj stands
) ) ) for discrete symmetry transformation. This transformation
From this relation and (8) it follows that has a property
detd, = detd; or detF, = detf,
rank@, =ranké, =1 ©)

that is conserves a determinant . Comparing with (11c¢) makes
By changing variables encouraging to construct solutions of Ernst equations in that
way and it will be a subject of further investigations.

-0/4, >t |, -Z>7Z (10)
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M.A. Muxtarov

STASIONAR AKSIAL SIMMETRIK QRAVITASIYA 9SAS KiRAL SAHONIN MODELI Kimi

Aksional simmetrik gravitasiya tenliklari (Ernst tenliklari) harakat edan polyuslu asas kiral sahanin tenliklerine gatiriimisdir.
Diskret simmetrik gevrilma metodunun tatbigi mizakire edilmigdir.

M.A. MyxTapos

CTAIHUOHAPHAS AKCHUAJIBHO CUMMETPUYHAS T'PABUTAIIA KAK MOAEJIb I''TABHOI'O
KHUPAJIBHOTI'O ITOJIA

VpaBHEHHsT aKCHAIBHO CHUMMETPHYHOHN rpaBurauuu (ypaBHeHusi EpHCTa) CBEACHBI K YPaBHEHHSM [JIABHOTO KHPAIBHOTO MOJIS C
MOABMKHBIMHU TofocamMu. OOCy kK aaeTcst IpUMEHEHHE MEeTOo/Ia IPeoOpa30BaHUi AUCKPETHBIX CUMMETPUIA .
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MEASURING METHOD AND ITS GNOSIOLOGICAL ASPECTS IN MODERN PHYSICAL
COGNITION

VILAYAT ISMAILOV
Baki State University
Academician Z. Khalilov str, 23, Baku

In the article the experimental method which is one of the empiric methods of the scientific research, its specific features,
characteristics, gnosiological opportunities and cognitive functions being applied in the empiric level of knowledge are investigated. It is
shown that the main difference of the experimental method from other methods of empiric research is of its synthetic character. Thus during
the experiment not only the conditions of the research are changed, but the methods of observation, measuring, comparison of the empiric
cognition are in organic way synthesized as well. At the same time in the article the kinds of the natural scientific experiment are discussed

too.

It is known that all phenomena of reality which are
studied by practical way have objective quantitative and
qualitative determination. Qualitative determination of
material systems which is increased by apparatus and by
organs of sense of the observer is expressed in different
numbers (speed, mass, electric charge, energy, pressure,
volume etc.). But quantitave peculiarities of process and
phenomena are described by figure price determining in
measuring operation of physical numbers. Usage of
measuring operation first of all is connected with such matter
as correctness of realizing of ratio of quantitative and
qualitative aspects of the object of cognition [10]. So
measuring method is not limited only by marking quantitative
description of the object of cognition, it enables to study its
qualitative determination as well. And adequate cognition of
quantitative aspect of the object is conditioned by cognition
of its qualitative aspect in measuring operation.

Taking into consideration of specifity we may define
description of measuring in the following way: measuring is
an operation of determining figure price of any quality by
means of measuring unit or standard. Measuring being based
on operating of organs of sense and material — sensual
activity of a man is an active cognitive process. Though
measuring is based on organs of sense of a man his intellect,
knowledge and practice participate in its course as well: the
aim and direction of purposeful perception of the object by
means of measuring depends on a man‘s knowledge and
interest, intellectual experience, outlook, his attitude towards
reality directly. Finding out figure price of measurable
quantity it is expressed in international system of units by
measuring units such as kilogram, newton, coul, veber, mol,
candle-power, meter, second etc.

Measuring process is not amorphous, but it has
compound structure [7]. First of all measuring is a figure
comparison of quantities describing the same quality. For
example, while measuring the mass of any thing, in reality
we compare two different masses — the mass of the thing and
the standard.

Measuring being an empiric investigating method is
carried out only within strict conditions and comprise the
following elements: 1) object of measuring; 2) measuring
unit or object of standard; 3) apparatus being used in
measuring process; 4) way of measuring; 5) observer or
subject who carries out measuring [1].

Application of measuring method causes some
methodological problems among of which the ratio between

sensual cognition and abstract thought is of great importance.
Measuring unlike observation is connected with logic
analysis as well.

Sensual perception goes into measuring as a necessary
component. According to sensual perception of readings of
apparatus a long of reasonable results are placed between the
results of measuring. And that is why sensual perception is
the only beginning stage of study of quantity. In such cases
independent measuring is applied not only for “net” empiric
observation of the phenomena, but it becomes a complicated
cognitive operation where intellect is of great importance.
Logic intellect is of special great importance in measuring
quantities and determining the results of measuring.

Measuring operation in physics is closely connected with
the principle of observation. The essence of the principal
which appeared in connection with founding theory of
relativity and quantum mechanics in physics may be
commented so: only those notions and quantities which can
be practically tested or measured in the structure of physics
may be used; quantities which cannot be measured must be
rejected. Let us address to the history of physics. As a result
of impossibility of observing of absolute simultaneity on
principal A.Einstein came to space — time conception in his
theory of relativity. One can tell the same thoughts about
Heysenberg’s activity that had abolished difficulties of Bor’s
atom model. Heysenberg has created matrix mechanics which
explains modern quantum mechanics for the first time.

From the point of view of methodology or general
methods which enable to get measuring results, measuring —
can be carried out directly and indirectly [12; 13].
Independent measuring, the sought for the result of which is
obtained from measuring process directly is based on sensual
— visual comparison of measurable quantity with special
standard. For example, if we measure the mass, temperature,
speed etc. of the thing according to the readings of apparatus
— it is a direct measuring. But in indirect measuring the
sought for the quantity is taken out mathematically from
comparison of other quantities which are obtained by
independent way and that is why in indirect measuring a
logic comparison of the measurable quantity and standard
occurs. For example, determining density of a spheric thing

m
by the formula p = — is an indirect measuring. Here m - is
Vv

a mass and V-is a volume of the thing. In this case the mass
of the thing is determined by the scales. At first in order to
determine the volume of a spheric thing by the formula
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V= Ems, its radius r is measured by the means of pair of

compasses independently. On the basis of this direct
measuring the volume of the thing is discovered indirectly.
This example proves that the logic analysis of the quantitable
descriptions which is obtained in indirect measuring is based
on the data of measuring which is implemented on the base of
the readings of measuring apparatus. And that’s why it is
wrong to oppose direct and indirect measurings or isolate one
of them metaphysically. Unity of direct and indirect
measurings is conditioned by the unity of sensual and logic
cognition.

But within this unity both measurings obtain a relative
independence. As far as possible each of them is used
independently. Indirect measuring is especially extensively
used in study of micro-world and society.

At the same time we must underline restriction of direct
measuring which is conditioned by the following reasons.

Firstly, the number of measuring standards which are
used in direct measuring must be equal common symptoms
of measurable thing and other things on the whole. But this is
impossible in practice.

Secondly, in direct measuring measurable thing is not
associated with standard inside, that is measurable quantity
and measuring unit appear as external factors.

Thirdly, in direct measuring it is impossible to determine
figure price of quantities which characterize of cosmic
objects and micro-objects being beyond our organs of sense.

Measuring method is of great importance in scientific
research, especially in study of nature [1]. Measuring, first of
all is a way leading towards discovery of laws. Great Russian
scientist D.l.Mendeleyev noted more than once that
“measuring and weight is everything for study of nature”.
Measuring is important not only from practical point of view.
It is of great importance in formation of scientific theories as
well. History of science, especially study of nature is rich
with such examples. For example, Tikho Bragen’s numerous
measurings over the movement of planets enabled I.Kepler to
theoretic generalizations in the form of empiric laws; on the
base of measuring of atomic weight of chemical elements
D.I.Mendeleyev could discover the periodical system of
elements; Faradey discovered electrolyze laws according to
measuring of number of quantity of material which emanated
from electrodes.

In connection with investigating cognitive importance of
measuring method such a question comes up: how to explain
discovery of objective laws by means of measuring? To our
mind the explanation must be in the following way.

In the process of measuring determining quantitative
relations of phenomena at the same time we discover their
some common relations as well; according to F.Engelse we
discover “external determination of things”. Every time we
measure qualitative determination of things by means of
physical quantities (mass, charge, current etc.) which express
their important peculiarities. So measuring enables us to
study and discover both relations of phenomena — common
and important aspects. And it is known that a law is an
expression of common and important aspects of relations.
This shows evidently that we can define measuring as a true
way of discovery of empiric laws [16]. Academician
B.M.Kedrov notes that though empiric discoveries don‘t
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make revolution in the science, they cause to live latent
embrions of future revolution [9].

For example, american scientist A.Maykelson‘s
measuring the speed of light is one of such unical measurings
that enriched the history of science. Russian scientist,
academician S.L.Vavilov appreciating Maykelson‘s scientific
heroism as “a record of experiment” wrote: “On the base of
his experimental discoveries and measurings theory of
relativity was founded, wave optics and spectroscopy
increased and theoretical astrophysics firmly established” [6].

In modern physical cognition the question of
gnosiological basing of the measuring method is in organic
way connected with the question of exactness of measuring.
Exactness is an important index of qualitative and scientific
price of measuring. I.Kepler highly appreciating Tikho
Bragen‘s measurings which are notable for their exactness
(the error of them was 8 minutes) wrote: “The eight minutes
that is impossible to take no heed will enable us to overturn
in astronomy” [17]. I.Kepler had made a mistake: namely
Bragen at the expense of combining a very high exactness of
his measurings with his extraordinary diligence (he repeated
his measurings 70 times) could discover laws of movement
of the planets.

And what objective factors is exactness of measuring
conditioned by? Exactness of measuring depends on
objective and subjective factors and determining their correct
ratio. Exactness of measuring requires take into account a
number of objective factors which have some influence on
measuring process. These factors include qualitative
peculiarities of measuring object, conditions under what
measuring process is carried out, peculiarities of space and
time coordinates of measuring object, its speed of movement
and others.

One of the main ways that improves exactness of
measuring operation is increasing of quality of operating
measuring apparatus based on maintaining principals and
making newest measuring apparatus basing on latest
achievements of science and engineering. For example, at
present changing of frequency is measured by means of
Messbauer effect with exactness of 107 hertz, but time on
molecular generators with 10! second.

Subjective factors that measuring process include are
organization of process, choice of measuring way, personal
quality of a scientist, his persistency, level of preparation,
scientific competence, ability of using of apparatus etc.
Though all these subjective factors have an important
influence on exactness of results of measuring, in any case
not them, but objective factors have decisive role in
measuring. That‘s why in order to get exact and objective
result from measuring we must determine correct ratio of
factors: not to distort results of measuring by exaggerating
the role of subjective factors or reducing importance of
objective ones.

The question of role of measuring in modern scientific
cognition has been idealized by operationalism which is one
of the fields of positivism and pragmatism.

American physicist P.Brijman (1882-1961) came out
following thesis in order to ground his position: a) measuring
is an absolute arbitrary operation being realized by a subject;
b) measuring is the only foundation of scientific cognition
[4]. Under these considerations Brijman regarded the object
of scientific research as a totality of measuring operations and
arbitrary scientific notion as determination of measuring way
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of corresponding physical quantity. Thus he was changing the
physical world that accepted as a totality of research object
into results of measuring operations and the science itself into
the system of notions determining by these operations. But by
the using of scientific terminology and grounding evristical
importance of measuring for scientific research Brijman tried
to form operationalism in a scientific shape. But when we
consider the contents of primary thesis of operationalism
Brijman‘s scientific form of this conception is easily
frustrated.

Firstly, one does not need to attribute measuring to
absolute arbitrary activity of a subject. No doubt, it is
possible to have some freedom in choosing of measuring unit
and system of units in measuring operation. But this freedom
itself must be founded on objective basis and subordinate to
objective requirements. But the trend of operationalism
putting aside objectiveness, evaluate relativity of freedom
which may be in choosing of scale and system of units as
absolute arbitrariness in determining of measuring.

Secondly, though all scientific  merits and
methodological values which measuring has it is not true to
consider it as the only foundation of empiric basis and
theoretical contents of scientific cognition. In this context
groundless thesis of operationalism are specially shown in
Brijman‘s attempt to apply some notions of theory of
relativity and quantum mechanics to measuring. In order to
prove our thought we remind such a fact that the notions - the
curve of “space-time continuum” and “wave function” have
been determined not only by the way of measuring. We
should remember that the real contents of theoretical notions
of physics are not conditioned by concrete measuring
operations, but first of all by scientific panorama of the world
[15].

Summing up the brief description of measuring method
in an article it is necessary the underline that the position of
measuring among empiric methods is about like observation
and comparison. Measuring is a component of more
compound method — experiment as well as observation and
comparison.
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V.i. ismayilov

MUASIR FiZziKi IDRAKDA OLGM® METODU V© ONUN QNOSEOLOJi ASPEKTLORI

Magaleda eksperimental

elmi tadgiqatin empirik metodlarindan olub, biliyin empirik seviyyasindse tetbig olunan

eksperimental metod, onun saciyyavi cahatleri, xarakteristikasi, qnoseoloji imkanlari ve idrak funksiyalar tadqiq olunur.
Magaleda gbsterilir ki, eksperimental metodun empirik tadgiqatin diger metodlarindan baslica fergi onun sintez xarakteri
dasimasidir. Bela ki, eksperimentin gedisinds nainki tadqgiqat seraiti dayisdirilir, hem de empirik idrakin musahids, 6lgms,
migayise metodlar Uzvi halda sintez olunur. Magalada, habels tabii elmi eksperimentin névleri de nezarden kegirilir.

B.U. UcmaiibliioB

METOJ UBMEPEHUSA U EI'O THOCEOJIO'HYECKHUE ACIIEKTBI B COBPEMEHHOM
OU3NYECKOM TIO3HAHUU

V statge rassmatrivaetsa gksperimentalgniy metod, kotorty, avlsesg odnim iz gmpirigeskix metodov naugnoqo issledovanis,
primenoetso na gmpirigeskom urovne znanio. Issleduetso eqo osobennosti, xarakteristiki, qnoseoloqigeskie vozmojnosti i funkiiii v
naugnom poznanii. Ukazivaetsa, ¢to osnovnim otligiem gtoqo metoda ot druqix metodov gmpirigeskoqo issledovania, avloetsa eqo
sinteziruohiy xarakter, tak kak naradu s izmeneniem usloviy gksperimenta metodi gmpirigeskoqo poznanioa, takie kak nablodenie,
izmerenie i sravnenie orqanigeski sintezirudtsa. V statge tak je rassmatrivaétss vidi estestvennoqo naugnoqo gksperimenta.
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Tortib edanlar: AME-nin muxbir Gzva
A.i. Muxtarov

SSRIi EA-nin miixbir Gzvii,

akademik | H.M. Abdullayev

Fizika-riyaziyyat elmlari doktoru
T.R. Mehdiyev

Fizika-riyaziyyat elmlori namizadi
E.A. Axundova

N.i. Acalova

S.i. Sliyeva

Biz “Fizika” jurnalinin birinci némrasinda basladigimiz fizika terminleri Iugatinin nagrini davam
etdiririk. Bu nasrde akademik H.M. Abdullayevin nasr etdirdiyi “Fizika terminlari ligsati”ndan da istifade
edilmisdir (AREA-nin nasri, Baki, 1965-ci il).

Noasr olunan terminler haqda 6z qeydlerini ve terminlarini gdéndaren saxslers redaksiya avvelcadan
6z tesokkurinu bildirir.

Musalliflar ve jurnalin redaksiyasi

We continue the publication the terminological physical dictionary, which has been began in the journal
“Fizika”Nel. In the published variant the physical terms, given by academician H.M. Abdullayev are given
(“Fizika terminleri lugati”, AREA, Baki, 1965).

The edition of the journal is welcome to all, who will send notes and terms for the publishing dictionary.

Authors and edition of journal “Fizika”

MsI nmpojioKaeM MyOMHKAIMI0 TEPMHUHOJIOTHYECKOro (DU3MYECKOTO CIIOBApsi, HAYATYI0 B MEPBOM HOMeEpe
xypHana “Fizika”. B mybGnukyeMoM BapuaHTe MBI Tak)Ke MCIOIB3yeM (DH3UUYECKHE TEPMHHBI, IMPENIOKEHHEIE
akagemuxoM I'.M. A6xaymnaessiM (“Fizika terminleri IUgati”, AREA, Baki, 1965).

Penakiust xypHana TpUBETCTBYET BCEX, KTO IMPHIUIET CBOM 3aMEYaHUs W TEPMHUHBI IS MyOJIHMKyeMOro
cIoBaps.

Asmopui u peoakyus sxcyprana’ Fizika™
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Olgii aparati
Kinomatoqraf aparati
Kinoproyeksiya aparati
Kompensasiya aparati
Morze aparati

Optik aparat

Gonderici aparat
Koguricl aparat
Polyarlasma aparati
Qabuledici aparat
Proyeksiya aparati
Radio teleqgraf aparati
Tanzimedici aparat
Rentgen aparati
Rotasiya aparati
Ozliyazan aparat
Simpleks aparati
Esitma aparati

istilik aparati

Cerayani kasen aparat
Daqiq aparat

Cizan aparat

Yuz aparati
Aproksimatik térama
Apriori ehtimal

Aproton mahlul

Apsid

Apsid xatti
Araqgo-Frenel tacriibasi
Araqo hadisasi
Argentometriya

Argon

Argon lampasi

Arqgon ion lazeri

Arqon lazeri

Argon borucugu
Kompleks adadin arqumenti
Perimarkazin arqumenti
En dairasinin arqumenti
Ardometr

Areometr

Faiz areometri
Areopiknometr

Arid zonasi
Arifmetiklasma
Arifmetika

Arifmetik komanda
Uzen (gezen) vergil ils arifmetik
amaliyyat

Fiksa olunmus vergil ile arifmetik
amaliyyat

Arifmetik alt qrup
Arifmetik progres
Yuksak tertibli arifmetik progres

Arifmetik cem
Arifmetik blok
Arifmetik operator
Arifmetik sira
Arifmetik dayisma
Arifmetik Gicbucaq
Arifmetik ifade
Arifmetik amaliyyat

Anmmapat u3MepuTeNb

Anmapar KuHeMaTorpaduuecKkui
ArnmnapaT KUHOIPOEKIIMOHHBIN
ArmnmnapaT KOMITEHCAIMOHHBII
AmnmnapaTt Mop3e

AmnmnapaT ONTHYECKUH

Anmapar oTrpaBuTeNb
AmnmnapaT NepeHOCHbIN

Anmnapat nossipu3alioOHHbINA
Anmnapat npueMHbIN

Anmnapat NpoeKIMOHHBIH
Armmapat paauo TenerpadHbIi
Ammapat peryaupyromunit
ArnmapaT peHTT€HOBCKUil
AmnnapaT poTariOHHbII
AmnmnapaT caMONUIIYIINH
AmnmnapaT CUMIUIEKCHBIN
AmnmnapaT ciayXxoBoH

Amnmnapat TeroBon

Anmnapat OTKIOYEHHs TOKa
Anrmnapat TO4HBII

Anmnapat yepTaimui

Amnmapat IO03a
AnnpokcuMaTHBHAs IPOU3BOIHAS
AmnpuopHasi BEpOsSTHOCTb
ATIpOTOHHBII pacTBOPUTEINH
Arncuna

ArnicuHas THHUS
Aparo-®peHens onbIT

Aparo siBIeHUE
ApreHromerpus

AproH

AproHoBas Jlamna

ApProHOBBIN HOHHBIH J1a3ep
ApProHOBBIH J1a3ep

ApronHas TpyOka

ApPryMeHT KOMIUIEKCHOTO YHCia
ApPryMeHT nepuLeHTpa
ApPryMeHT IIUPOTHI

Apnomerp

Apeomerp

ApeoMeTp NPOLEHTHBIN
ApEONUKHOMETP

ApuzHas 30Ha

Apudmernzamms

Apudpmernka

Apudpmernieckas KOMaH1a
Apudmerndeckasi ormeparysl C IUIaBaro-
uiei 3arsaTon

Apudmernueckas onepaus ¢ GUKCHPO-
BaHHOM 3amsTON
Apudmernueckas NOArpynma
Apudmernueckas nporpeccust
Apudmernueckas TPOrpeccyst BBICIIETO
TopsizIKa

Apudmerndeckas cymma
ApudmeTnaecknii 010K
ApudMeTHIecKknii oneparop
ApudMeTniaecKkuii psij
Apudmernueckuii cIBUT
ApudpmMernueckuil TpeyrojabHUK
Apudmernueckoe BEIpaKeHNE
Apudmernueckoe neiicTere
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Measuring apparatus
Cinema apparatus

Film projection apparatus
Compensated apparatus
Morze’s apparatus
Optical apparatus
Device-sender

Portable apparatus
Polarizing apparatus
Receiving apparatus
Projection apparatus
Radio-telegraph apparatus
Regulating apparatus
X-ray apparatus
Rotation apparatus
Autographic apparatus
Simplex apparatus

Hear apparatus

Thermal apparatus
Off-state current apparatus
Preccise apparatus
Drawn apparatus

Yuz’s apparatus
Approximate derivative
Apriori probability
Aprotic solvent

Apse

Line of apsides
Arago-Frenel experiment
Arago effect
Argentometry

Argon

Argon glow lamp
Argon-ion laser

Argon laser

Argon tube

Argument

Argument of perihelion
Argument of latitude
Ardometer

Areometer

Percentage areometer
Areopycnometer

Arid zone
Arithmetization
Arithmetic

Arithmetic instruction
Floating-point arithmetic

Fixed-point arithmetic

Arithmetic subgroup
Arithmetical progression
Arithmetic progression of
order

Arithmetic sum
Arithmetic unit
Arithmetic operator
Arithmetic series
Arithmetic shift
Arithmetic triangle
Arithmetic expression
Arithmetic operation

higher



Arifmetik orta
Arifmetik qurulus
Arifmometr

Arkkosinus
Arkkotangens
Arksinus
Arktangens
Arktika cebhasi
Armatura

Armilyar daira (muhit)
Armko-damir
Aromatik birlesmaler
Arrenius nazeriyyasi
Arretir

Arretirlemak

Artikullagdirma qabiliyyati
Artikulyasiya

Arximed ganunu
Arximed quvvaesi
Arximed vinti

Asbest

Asimmetrik molekul
Asimmetrik atom
Asimmetrik tahlil
Asimmetrik sintez
Asimmetrik dalga
Asimmetrik ayri
Asimmetrik paylanma
Asimmetrik ragslar
Asimmetrik firfira
Asimmetrik rotator
Asimmetriya

Sarg-Qarb asimmetriyasi

Simal-Canub asimmetriyasi

Asimptota

Asimptotik yigilma (siranin)
Asimptotik konus
Asimptotik yol
Asimptotik sira
Asimptotik dayanigh
Asimptotik ifada
Asimptotik giymat
Asimptotik istigamat
Asimptotik siraya ayirma
Asimptotik hall

Asinxron hesablama masini

Asinxron masin

1) Asinxron iglema
2) Tekmillasdirma
Asinxron amaliyyat
Asinxron 6tirma
Asinxron is
Asinxron sistem
Asinxron generator
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Apudmerndeckoe cpeaHee
Apudmernaeckoe ycTpoicTBO
Apucdmomerp

ApKKOCHHYC
ApPKKOTaHT€HC
ApKcuHyC
ApKTaHI€HC
ApkTHueckuii GpoHT
Apwmarypa

ApmuuisipHas chepa
ApMKO-Kere30
ApoMaTHYEeCKUE COCMHEHUS
Appenuyca Teopus

Appetup

AppetnpoBatb

ApPTHKyNHpPYIOIIas CHOCOOHOCTh
ApTUKYIALUSA

Apxumena 3aK0oH

ApxumenoBa cuiia

ApXUMEIOB BUHT

Acbecr

AccuMmMeTpruiecKasi MOJIeKyJia
ACHMMETPUYECKHUI aTOM
ACHMMETPUYECKUN aHAIH3
AcCHMMeTPUYECKUN CHHTE3
AcruMMeTpuYHas BOJIHA
AcuMMeTpHUYHAs KpUBast
AcUMMeTpUYHOE pacTpe/iesieHne
AcHMMeTpHYHbIe KoJieOaHus
ACUMMETPHUYHBIN BOTUOK
AcCUMMETpUYHBIN pOTATOP
Acummerpus

AcHUMMeTpHsl BOCTOUHO-3aI1aIHas
AcHuMMeTpHs ceBEepO-I0KHas
Acumnrora

ACHMITOTHYECKAs! CXOAUMOCTh
ACHUMITOTHYECKHN KOHYC
ACHMNTOTHYECKHUH MyTh
ACHMIITOTHYECKUH PsIT
ACUMITOTHYECKH yCTONUUBBIN
ACHMIITOTHYECKOE BBIPAKEHUE
AcUMNTOTHYECKOE 3HAUCHHE
ACHMNTOTHYECKOE HaIlpaBJICHHE
ACHMITOTHYECKOE Pa3JIOKEHNE
ACHMIITOTHYECKOE PELIEHHE
ACHHXpOHHAs BBIYMCIUTENIbHAS MalIHA
ACHHXpOHHAas MalllMHa
AcuHXxpoHHas 00paboTka

ACHHXpOHHAS OTIepaIns
AcHHXpOHHas mepeaada
AcuHXpoHHas paboTa
ACUHXpOHHas cucTeMa
ACHUHXPOHHBIN TeHEepaTop
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Arithmetic mean
Arithmetic device

1) Adding machine

2) Arithmometer

3) Calculator

4) Desk calculating machine
Arc cosine

Arc cotangent

Arc sine

Arc tangent

Arctic front

1) Accessories

2) Armature

Armillary sphere
Armco-iron

Aromatic compound
Arrhenius’s theory

1) Arrester

2) Arresting lever

3) Caging device

4) Catch

5) Stop

1) Cage

2) Rate-cage
Articulating ability
Articulation
Archimedes’ principle
Buoyancy

Archimedes screw
Asbestos

Asymmetrical molecule
Asymmetrical atom
Asymmetrical analysis
Asymmetric synthesis
Asymmetrical wave
Asymmetrical curve
Asymmetric distribution
Asymmetric vibration
Asymmetrical top
Asymmetric rotator
Asymmetry

East-West asymmetry
North-South asymmetry
Asymptote

Asymptotic convergence
Asymptotic cone
Asymptotic path
Asymptotic series
Asymptotically stable
Asymptotic expression
Asymptotic value
Asymptotic direction
Asymptotic expansion
Asymptotic solution
Asynchronous computer
Asynchronous machine
Asynchronous processing

Asynchronous operation
Asynchronous transmission
Asynchronous working
Asynchronous system
Asynchronous generator



Asinxron muharrik
Asinxron is qaydasi
Aspirator

Su aspiratoru

Qosa aspirator
Aspirasion psixrometr
Aspirasion termometr
Assembler

Assimilyasiya

Assosiativ yaddas
Assosiativ qeyd defteri
Assosiasiya

lonlarin assosiasiyasi
Molekullarin assosiasiyasi
Assosiasiya olunmus maye
Assosiasiya olunmus molekul
Magnit astaziyalamasi
Astaziyalama

Astaziya

Astatin

Astatik maqgara

Astatik magnitler sistemi
Astatik

Astatik qalvanometr
Astatik magnitélgan
Astatik tarazliq

Astatik tonzimlama
Astenosfera

Asterizm

Asteroid

Asigmatizm

Desta asigmatizmi
Asigmatik farq

Slalarn asigmatik dastasi
Astrometriya

Astroqgraf

Astroid

Astrologiya

Astrolyabiya

Prizma ile astrolyabiya
Astrometriya

Astronomik uzunluq dairasi
Astronomik vahid
Astronomik quivve vahidi
Astronomik observatoriya
Astronomik refraksiya
Astronomik en dairesi
Astronomik sabitler
Astronomik alagaranliglar
Astronomik saat
Astronomik iglim
Astronomik kompas
Astronomik isare, slamat
Astronomik teleskop
Astronomik l¢bucaq
Astronomik vaxt
Astronomiya
Astrospektroskopiya
Astrofizika

Astrofiziki observatoriya
Astrofotografiya
Astrofotometriya
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ACHUHXPOHHBIH TBUTATEINb
ACHHXPOHHBIN PEKUM
Acniuparop

AcnupaTop BOAHBIN
AcnupaTop JBOWHON
AcnupaiOHHBIA ICUXPOMETP
AcnupaioHHbIA TEPMOMETP
AccembOnep

AccuMUIALAS
AcconuaTuBHas IIaMsITh
AcconaTuBHBIA PETUCTP
Acconpnanus

Acconuanys HOHOB
Accornuanusi MOJIEeKyJ
AcconurpoBaHHas )KUJIKOCTh
AccouunpoBaHHas MOJIEKyna
AcTa3upoBaHUE MarHUTHOE
AcTa3upoBatb

Acrazus

AcrtaTuH

AcraTuueckas KaTylIKa
AcTatrdeckas CCTeMa MarHHTOB
AcTaTtndyeckuii
AcTaTU4eCKHil TaATbBAHOMET]
AcTaTn4ecKuil MarHUTOMETP
AcraTuieckoe paBHOBECHE

AcTaThuecKkoe peryJnpoBaHue
ActeHocdepa

Actepusm

Actepoup

AcTturmatusm

AcTuUrmMaTtusm mydka
AcTturmMaTtryeckas pa3HoCTb
AcCTHUrMaTHYeCKUN My4OK JTyqden
AcTtpomeTpust

Actporpad

Actpouna

Actponorus

AcTpornsous

Actponsdus ¢ nmpusMoi
Actpomerpus
AcCTpOHOMHYECKAs TOJITOTa
AcTpOoHOMIYECKAs eIIHATIA
AcTpOoHOMHYECKAs CIUHHLA CHIIBI
AcTpoHOMIYECKas 00cepBaTOpuUs
AcTpoHOMIUECKas pedpaKius
AcTpoHOMHUYECKAs IUPOTA
ACTPOHOMHYECKHE ITOCTOSTHHBIC
ACTpOHOMHYECKHE CYMEPKH
ACTPOHOMHUYECKHE YaChl
ACTPOHOMHUYECKHI KIUMAT
ACTpOHOMHUECKHIT KoMMac
ACTPOHOMHYECKHI CUMBOJI
ACTPOHOMHUYECKUI TEIECKOI
ACTPOHOMHYECKHH TPEyrOIbHUK
ACTpOHOMHYECKOE BpEMsI
AcTtpoHOMUS
ACTpOCTIEKTPOCKOTIHS
Actpodusuka
Actpodusuueckas obcepBaTopus
Actpodororpadus
Actpodoromerpust
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Asynchronous motor
Asynchronous mode
Aspirator

Aque aspirator

Double aspirator
Aspiration psychrometer
Aspiration thermometer
Assembler
Assimilation
Associative memory
Associative register
Association
Association of ions
Molecular association
Asssociated liquid
Asssociated molecule
Magnetic astatizing
Astatize

Astasia

Astatine

Astatic coil

Astatic system of magnets
Astatic

Astatic galvanometer
Astatic magnetometer
1) Astatic balance

2) Astatic equilibrium
Astatic control
Asthenosphere
Asterism

Planetoid

Astigmatism
Astigmatism of pencil
Astigmation difference
Astigmatic pencil of rays
Astrometry
Astrophotometry
Astroid

Astrology

Astrolabe

Astrolabe with prism
Astrometry
Astronomical longitude
Astronomical unit
Astronomical unit of force
Astronomical observatory
Astronomical refraction
Astronomical latitude
Astronomical constants
Astronomical twilight
Astronomical clock
Astronomical climate
Astronomical compass
Astronomical sign
Astronomical telescope
Astronomical triangle
Astronomical time
Astronomy
Astronomical triangle
Astrophysics
Astrophysical observatory
Astrophotography
Celestial photometry
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Asferik linza
Asferik sath
Ataksit

Ataktik polimer
Atermik mahlul

Atvud masini
Spektral xatlarin atlasi

Atmoliz

Atmosfer

Ulduz atmosferi
Yerin atmosferi
Bircins atmosfer
Tarazhq (muvazinat) atmosferi
Gulnas atmosferi
Texniki atmosfer
Fiziki atmosfer
Atmosferlar
Atmosfer akustikasi

Atmosfer diffuziyasi
Atmosfer korroziyasi
Atmosfer optikasi

Atmosfer refraksiyasi

Atmosfer turbiletliyi

Atmosfer gatlarinin dévr etmasi
Atmosferin hayacanlanmasi
Atmosfer tazyiqi

Atmosferin slialanmasi
Atmosferin slia udmasi
Atmosferin isiglanmasi
Atmosfer elektriki
Atmosfer dalgalarn
Atmosfer ionlan
Atmosfer ragsleri
Atmosfer ¢okintilari
Atmosfer manealari
Atmosfer gabarmalari
Atmosfer asqgarlari
Atmosfer goraiti
Atmosfer hadisaleri
Atmosfer glcli yagisi
Atmosfer ozonu
Atmosfer bosalmasi
Atmosfer sttunu
Atmosfer sas-kiiyl
Atmosfer elementi
Kottrell atmosferlori
Atom

Atomar hidrogen
Burulganl atom

Teatbig ediloen atom
Hidrogena banzar atom
Hayacanlanmig atom
Diamagnit atom
ovazedici atom

ionlasmis atom
Neytral atom
Paramaqnit atom

Achepuyeckas TuH3a
Achepuyeckas TOBEPXHOCTh
ATakcur

ATaKTUYECKUH TTOTUMED
ATepMudecKkuil pacTBOp

ATByJa MaluHa
ATrac crieKTpaibHbIX JTUHUI

AT™mOnu3

ATtMmocdepa

ATMocdepa 3Be3 bl
ATtMmocdepa 3emin
ATMocdepa omTHOpOaHAS
Atmocdepa paBHOBecHs
Atmoctepa Conniia
ATmocdepa TexHuUecKast
Atmocdepa puzndeckas
ATmocdepuku
ATMmocdepHas akycTHKa

AtmochepHas muhdys3us
ATMmochepHas Koppo3us
ATMochepHas OnTHKa

ATMochepHas pedpaxius
AtmocdepHas TypOyJIeHTHOCTh
ATMmocdepHas LUKy ISy
ATMocdepHOe BO3MyIIIEHUE
ATMmocdepHOe naBieHne

ATMochepHOe N3TyIeHHE
ATMOc(hepHOe TTOTIIOIIEHHE
ATMOc(epHOe CBeUEHHE
ATMOChEpHOE dIEKTPUIECTBO
ATMocChepHbIE BOTHBI
ATMOC(EpHbBIE HOHBI
ATmocdepHbIe KoeOaHust
ATMocdepHbIe ocanKu
ATMmocdepHbIe moMexu
ATMocdepHbIe TPHUIHUBEI
ATMmocdepHbIe TpuMecH
ATMmocdepHBIe ycIoBHs
ATMmocdepHBbIe sBICHNSA
ATMOc(hepHBIii THBEHb
ATMOc(hepHBIii 030H
ATMochepHBIH pa3ps
ATMocdepHBIi cTo0
ATMmocdepHBIi mym
ATMocdepHBIi 21eMeHT
Atmocdepsr Korrpernia
Atom

ATOMapHBIi1 BOZOPOA
ATOM BUXpEBOHI

ATOM BHEApPEHUS

ATOM BOZIOPOIOTIOTOOHBIN
ATOM BO30YKICHHBIH
ATOM AMaMarHUTHBIA
ATOM 3aMelIeHns

ATOM MOHU3UPOBAHHBIH
ATOM HEUTpaIbHBII
ATOM mapaMarHUTHBIN
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Aspherical lens
Aspherical surface
Ataxite

Atactic polymer

1) Athermal solution

2) Athermic solution
Atwood’s machine

1) Spectral atlas

2) Spectral map
Atmolysis

Atmosphere

Stellar atmosphere

Earth atmosphere
Homogeneous atmosphere
Atmosphere of equilibrium
Solar atmosphere
Technical atmosphere
Physical atmosphere
Atmospherics

1) Atmospheric acoustics
2) Meteorogical acoustics
Atmospheric diffusion
Atmospheric corrosion
1) Atmospheric optics

2) Meteorogical optics
Atmosphere refractions
Atmospheric turbulence
Atmospheric circulation
Atmospheric disturbance
Atmospheric  pressure,
pressure

Atmospheric radiation
Atmospheric absorption
Airglow

Atmospheric electricity
Atmospheric waves
Atmospheric ions
Atmospheric oscillation
Precipitation
Atmospheric disturbance
Atmospheric tides
Atmospheric impurities
Atmospheric conditions
Atmospheric phenomena
Air shower

Atmospheric ozon
Atmospheric discharge
Air column

Atmospheric noic
Atmophile element
Cottrell atmospheres
Atom

Atomic hydrogen

Eddy atom

Interstitial atom
Hydrogen-like atom
Exited atom
Diamagnetic atom

1) Atom of substitution
2) Atom of replacement
lonization atom

Neutral atom
Paramagnetic atom
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Radioaktiv atom

Atomizm

Atomistika

Atomistik qurulus

Atom batareyasi

Atom bombasi

Atom dispersiyasi

Atom hissasi

Atom vahidi

Katlenin atom vahidi

Atom magnit nifuzlugu
Atom kitlasi

Fiziki skalada atom kutlesi
Kimyovi skalada atom kutlasi
Tezliyin atom kutlesi
Atom modeli

Atom orbiti

Atom orbital

Atom mustavisi

Atom polyarizasiyasi
Atom refraksiyasi

Atom qofesi

Atom spektral xotti

Atom nazeriyyesi

Atom istilik tutumu

Sabit tezyiqds atom istilik tutumu

Sabit hacmda atom istilik tutumu

Atom tormozlama qabiliyyati
Atom fizikasi

Atom energetikasi

Atom enerjisi

Atom-absorbsiya spektrofotomet-
riyasi

Atom-absorbsiya spektral analiz

Atom-absorbsiya spektrofotometr

Atom firlanmasi
Atom vaxti

Atom kasiyi

Atomun hali

Atom nlvesi

Atom polyarlagsma amsali
Atom polyarlagma tenzoru
Atom modelleri
Atom saati

Atom cokisi

Atom generatoru
Atom muharriki
Atom dipolu

Atom yuki

Atom udulma amsali
Atom kristali

Atom suasi

Atom nomrasi

Atom hacmi

Atom qalidi

Atom faizi

Atom deastasi

Atom radiusu

Atom reaktoru

ATOM paguoaKTHBHBIN

AToMH3M

ATomHCTHKA

ATOMHUCTHYECKOE CTPOCHHE

ATtoMmHas OaTapest

AtomHas bomba

ATOMHAas TUCTICpCHs

AToMHas nons

ATOMHAas eIUHHULIA

ATOMHAas €IMHUIIA MACCHI

ATOMHAsi MATHUTHAS] BOCIPUIMYUBOCTh
AToMHas Macca

ATtomHas Macca 1Mo GU3NIECKON IIKaIe
ATOMHAas Macca 1o XUMHYECKOU IIIKaje
AToMHas Macca 4acTOThI

AToMHas MOJIeNb

ATtomHas opoura

ATOMHast opOHTaNB

ATOMHAs TIOCKOCTb

ATOMHas NoJspU3aLus

AToMHas pedpakuus

ATOMHas penieTrka

ATOMHAas CTIEKTpaIbHAsI JIFMHUS
ATomHas Teopust

ATOMHAas TEIUIOEMKOCTh

ATOMHaﬂ TCIUIOEMKOCTb IIpHU MOCTOSH-
HOM J1aBJICHUH

ATOMHaﬂ TCIUIOEMKOCTb IIpHU MOCTOSH-
HOM 00BEME

ATOMHAasi TOpMO3HAsI CIOCOOHOCTh
ATOoMHas pu3HKa

ATOMHas SHEpPreTuKa

ATOMHas 3Heprus
ATOMHO-a0CcOpOIIMOHHAST  CIIEKTPOGOTO-
MeTpHUs

ATOMHO-a0COPOIIMOHHBIN CHEKTPATBHBIH
aHau3

ATOMHO-a0COPOIIMOHHBIH CIIEKTPO(HOTO-
METp

ATOMHOE BpalllcHHE

ATOMHOE BpeMs

ATOMHOE ceueHue

ATOMHOE COCTOsTHUE

ATOMHOE 1pO

ATOMHO K0O3(pPHUINEHT TOIAPU3ALTUN
ATOMHOM TE€H30p TOJISAPU3AITAN
ATOMHBIE MOZIETTH

ATOMHBIE 9acChI

ATOMHBI BeC

ATOMHBIN TeHEpaTop

ATOMHBIN JBUTATEIH

ATOMHBIN TUIIOIb

ATOMHBIN 3apsif

ATOMHBIN K03(p(PHUIIUEHT TOTIIOECHHS
ATOMHBIN KpUCTAILT

ATOMHBIN JTy4

ATOMHBII HOMEP

ATOMHBIN 00BEM

ATOMHBII OCTaTOK

ATOMHBIN IIPOLIEHT

ATOMHBIN ITy4OK

ATOMHBI! paguyc

ATOMHBIN peakTop

71

Radioactive atom
Atomism

Atomistics

Atomic structure
Atomic battery

Atomic bomb

Atomic dispersion
Atomic fraction

Atomic unit

Atomic mass unit
Atomic magnetic susceptibility
Atomic weight

Physical atomic weight
Chemical atomic weight
Atomic mass frequency
Atomic model

Atomic orbit

Atomic orbital

Atomic plane

Atomic polarization
Atomic refraction
Atomic lattice

Atomic spectral line
Atomic theory

Atomic heat

Atomic heat at constant pressure

Atomic heat at constant volume

Atomic stopping power

Atomic physics

Atomic power engineering

Atomic energy

Atomic absorption spectrophotometry

Atomic absorption spectral analysis
Atomic absorption spectrophotometer

Atomic rotation

Atomic time

Atomic cross-section
Atomic state

Atomic nucleus

Atomic polarization coefficient
Atomic polarization tensor
Atomic models

Atomic clock

Atomic weight

Atomic generator

Atomic energy engine
Atomic dipole

Atomic charge

Atomic absorption coefficient
Atomic crystal

Atomic ray

Atomic number

Atomic volume

Atomic remainder

Atomic percent

Atomic beam

Atomic radius

Atomic reactor
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Atom tabaqesi
Atom spektri
Atom faktoru
Sapilmanin atom faktoru
italoma atomu
Qafas atomu
Attenyuator
Audiogram
Audimetr
Auksoxrom
Austenizlema
Austenit

Austenit qurulusu
Austenit toxumu
Austin dUsturu
Autooksidlasdirma
Afeliy

Afokal sistem

Afin cabri qrupu
Afin handesaesi
Afin differensial handesaesi

Afin ayriliyi

Afin rabitaliyi

Afin inikasi (eks etmasi)
Afin cevrilmasi

Afin fozasi
Afin-kongruent

Afin koordinatlari
Afinor

Axromaziya

Axromat

Axromatizm
Axromatik linza
Axromatik prizma
Axromatik reng
Asetilen-oksigen alovu
Aseton

Asidimetriya

Asiklik

Asiklik birlagsma
Aerasiya

Aerogel
Aerografiya
Aerogram
Aeroqgraf
Aerodinamika

Seyraldilmis gazlarin aerodinami-

kasi

Ses siratinden boylk siratlerin

aerodinamikasi

Aerodinamik interferensiya
Aerodinamik burma
Aerodinamik quvve
Aerodinamik boru

Boyuk suratli aerodinamik boru

Qapali névli aerodinamik boru

Qisa muddatli isleyen aerodina-

mik boru
Kicik sixligl aerodinamik boru

ATOMHBII citoi

ATOMHBIN CIIEKTp

ATOMHBII (hakTop
ATOMHBII (hakTOp paccesiHus
AToM oTHaun

ATOM peneTku
ATTeHIoaTop

Aynuorpamma

Ayauomerp

AyKcoxpom

AycTeHuszanus

AycTeHUT

AyCTeHHUTHas CTPYKTypa
AyCTEHHUTHOE 3epHO
Aycruna popmyna
AyTookcuaanus

Adennii

AdoxkanbpHas cucremMa
Adodunnas anredpanyeckas rpyrmmna
AddurHas reomeTpus
AddurHas muddepeHnnanpHas TreoMeT-
pust

Addunnast kpuBH3HA
AddunHas CBSI3HOCTD
AddunHOE 0OTOOpaAKEHHE
AdodunHOe peodpazoBaHue
AddurHHOE TPOCTPAHCTBO
A OUHHO-KOHTPYIHTHBIH
AdduHHBIE KOOPIUHATHI
Adodunop

Axpomasus

Axpomar

AxpoMaTusm
AxpoMaTtuieckas JIMH3a
AxpomaTtudeckasi mpu3Ma
AXpOMaTUYECKHI IIBET
ALIETUICHO-KUCIIOPOTHOE TUIaMs
AneToH

Auunumerpus
ALMKINYECKUI
AIUKIHYECKOE COENUHEHNE
Abspanus

Absporenb

Ansporpadus

AbsporpamMma

Asporpad

AspoauHamMuKa

AbdpoJMHaMUKa pa3psHKEHHBIX Ta30B

AdponMHaMHMKa CBEPX3BYKOBBIX CKOPOC-
Tel

AbsponuHamudecKast HHTephepeHIHS
AbdponnHamMmIYecKast KpyTKa
AspoauHamMuuecKasl cuia
AbdponnHamMmuyeckas Tpyoa
AbdponnHamuyeckas — TpyOa
CKopocTei
AbdponnHamMuyecKas Tpyda 3aMKHYTOTO
THUIIa

AsponuHamuyeckas Tpyba KpaTKOBpe-
MEHHOT'O JIEUCTBUS

AbsponuHamMmuyecKkas TpyOa Mayoi ImoT-

OOMBIINX
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Atomic layer

Atomic spectrum
Atomic factor

Atomic scattering factor
Recoil atom

Lattice atom
Attenuator
Audiogram
Audiometer
Auxochrome
Austenitizing
Austenite

Austenitic structure
Austenitic grain
Austina formula
Autoxidation
Aphelion

Afocal system

Affine algebraic group
Affine geometry
Affine differential geometry

Affine curvature
Affine connection
Affine mapping
Affine transformation
Affine space
Affinely congruent
Affine coordinates
Affinor
Achromasia
Achromat
Achromatism
Achromatic lens
Achromatic prism
Achromatic color
Oxyacetylene flame
Acetone
Acidimetry

Acyclic

Acyclic compound
1) Aeration

2) Aerification
Aerogel
Aerography
Aerogram
Aerograph
Aerodynamics
Rarefied gas dynamics

Supersonic aerodynamics
Aerodynamic interference
Aerodynamic twist
Aerodynamic force

Wind tunnel

High speed wind tunnel
Closed-circuit wind tunnel

Intermittent wind tunnel

Low-density wind tunnel
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Kicik suratlore hesablanmis aero-
dinamik boru
dayisan sixhgli aerodinamik boru

Acig novli aerodinamik boru
Qapali

boru
Aciq isci hissali aerodinamik boru

isci hissali aerodinamik

Aerodinamik xarakteristika
Aerodinamik terazi
Aerodinamik qizma
Aerodinamik iz
Aerodinamik fokus
Aerodinamik keyfiyyat
Aerodinamik miigavimat
Aerozol

Aerolit

Aerologik xarite
Aerologik observatoriya
Aerologik analiz (tehlil)
Aerologiya
Aeromaqgnitometr
Aeromexanika
Aeronavt

Aeronavtika
Aeronomiya

Aeroplan, tayyara
Aerosakil

Aerostat

Aerostatika

Aerostatik quivve
Aeromhit
Aerotermoelastiklik
Aerofotogrametriya
Aeroelastiklik

HOCTH

AbdponnHammuyeckass TpyOa ManbIX CKO-

pocreit

AsponnHamuyeckass Tpy0a IepeMeHHOM

IJIOTHOCTH

AbspoauHamudeckas TpyOa pa3oMKHYTO-

T'0 THUIIA

AbspoauHamudeckas TpyOa ¢ 3aKpbITOM

paboueii 9acThIO

AbdponnHammyeckas TpyOa ¢ OTKpBITOM

paboueii 9acThIO
AbdpoarHaMHUYecKasi XapaKTepPUCTHKA
AdpoauHaMHYECKHe BEChI
AsponnHaAMUYECKHUH Harpes
AdponnHaAMUYECKUH cref
AsponnHamuyeckuii HoKyc
AdpOJMHAMHUYECKOE KauecTBO
AdpOJMHAMHUYECKOE COIPOTHBIICHUE
Adpo3011b

Asponut

Absposnoruueckas kapra
Anpororndeckast 00cepBaTopHs
ABpONOTHYeCKHid aHaTH3
Absponorust

Ad’pOMarHuTOMeTp
AspomexaHHKa

AdpoHaBT

AbdpoHaBTHKA

AspoHomus

Abspomnian

AdpPOCHUMOK

Aspocrat

AbspocraTuka
AbspocraTudeckas cuia
Aspocdepa
AdpOTEpMOYyTIPYTOCTh
Anspodororpamerpus
Aspoynpyrocts
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Low-speed wind tunnel
Variable-density wind tunnel
Open-circuit wind tunnel
Closed-jet wind tunnel
Open-jet wind tunnel

Aerodynamic characteristics
Aerodynamic balance
Aerodynamic hearting
Aerodynamic wake
Aerodynamic center
Lift-drag ratio
Aerodynamic resistance
Aerosol

Aerolite

Upper-air chart
Aerological observatory
Upper-air analysis
Aerology

Airborne magnetometer
Aeromechanics
Aeronaut

Aeronautics

Aeronomy

Airplane

Aerial photography
Ballon

Aerostatics

Aerostatic force
Aerosphere
Aerothermoelasticity
Aerophotogrametry
Aeroelasticity
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Measuring apparatus
Cinema apparatus

Film projection apparatus
Compensated apparatus
Morze’s apparatus
Optical apparatus
Device-sender

Portable apparatus
Polarizing apparatus
Receiving apparatus
Projection apparatus
Radio-telegraph apparatus
Regulating apparatus
X-ray apparatus

Rotation apparatus
Autographic apparatus
Simplex apparatus

Hear apparatus

Thermal apparatus
Off-state current apparatus
Preccise apparatus
Drawn apparatus

Yuz’s apparatus
Approximate derivative
Apriori probability
Aprotic solvent

Apse

Line of apsides
Arago-Frenel experiment
Arago effect
Argentometry

Argon

Argon glow lamp
Argon-ion laser

Argon laser

Argon tube

Argument

Argument of perihelion
Argument of latitude
Ardometer

Areometer

Percentage areometer
Areopycnometer

Arid zone
Arithmetization
Arithmetic

Arithmetic instruction
Floating-point arithmetic

Fixed-point arithmetic

Arithmetic subgroup
Arithmetical progression
Arithmetic progression of higher order

Arithmetic sum
Arithmetic unit
Arithmetic operator
Arithmetic series
Acrithmetic shift
Arithmetic triangle
Arithmetic expression
Arithmetic operation

Olgii aparati
Kinomatoqraf aparati
Kinoproyeksiya aparati
Kompensasiya aparati
Morze aparati

Optik aparat

Gonderici aparat
Koglricu aparat
Polyarlagsma aparati
Qebuledici aparat
Proyeksiya aparati
Radio telegraf aparati
Tanzimedici aparat
Rentgen aparati
Rotasiya aparati
Ozliyazan aparat
Simpleks aparati
Esitma aparati

istilik aparati

Cerayani kasan aparat
Daqiq aparat

Cizan aparat

Yuz aparati
Aproksimatik térama
Apriori ehtimal

Aproton mahlul

Apsid

Apsid xatti
Arago-Frenel tecribasi
Araqo hadisesi
Argentometriya

Argon

Argon lampasi

Argon ion lazeri

Arqgon lazeri

Argon borucugu
Kompleks adadin arqumenti
Perimarkazin arqumenti
En dairasinin arqumenti
Ardometr

Areometr

Faiz areometri
Areopiknometr

Arid zonasi
Arifmetiklosma
Arifmetika

Arifmetik komanda
Uzen (gezen) vergll ile arifmetik
amaliyyat

Fiksa olunmus vergll ile arifmetik
amaliyyat

Arifmetik alt qrup
Arifmetik progres
Yuksak tortibli arifmetik progres

Arifmetik com
Arifmetik blok
Arifmetik operator
Arifmetik sira
Arifmetik deyisma
Arifmetik Gigbucaq
Arifmetik ifada
Arifmetik amaliyyat
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AnmnmapaT u3MepuTenb

Arnmnapat KHHeMaTorpahHIecKuit
AnmnapaT KUHOIPOEKIIMOHHBIH
AnmapaT KOMIIEHCAIUOHHBII
AmnmnapaTt Mop3e

AnnapaTt ONTHYECKUH

Amnmnapar oTrpaBuTeNb
AnmnapaT nepeHOCHbIN

Anmnapat nosisipu3auioHHbIN
Anmapat npueMHbIN

AnmnapaT npoeKIMOHHBIH
Amnmapat paauo TenerpadHbIii
ArmmapaT peryaupyromunit
AnmnapaT peHTTeHOBCKHUI
AnmnapaT poTarOHHbII
ArnnapaT caMONUIITY Ui
AmnmnapaT CUMIUIEKCHBIN
AnmnapaT cIyXxoBoi

Anmnapat TeroBon

AnmapaT OTKIIOYEHHsI TOKa
Anmapat TO4YHbII

Anmnapat yepTaimui

Amnmapat FO3a
AnnpokcuMaTHBHAS IPOU3BOIHASL
AmnpuopHasi BEpOSTHOCTb
ATIPOTOHHBII pacTBOPUTEINH
Arncuna

ArncuHas TuHUs
Aparo-®peHens OnbIT

Aparo siBIeHUE
ApreHTomMeTpHs

AproH

AproHoBas Jiamna

ApProHOBBI HOHHBIH JIazep
ApProHOBBIH J1a3ep

ApronHas TpyOka

ApPryMeHT KOMIUIEKCHOTO YHCia
ApPryMeHT nepHuueHTpa
ApPryMeHT IUPOTHI

Apnomerp

Apeometp

ApeoMeTp NMpOIEeHTHBIN
ApeonuKHOMETP

ApupHast 30Ha

Apudmeruzarys

Apudmernka

Apudmernueckas KoMaHaa
Apudmerndeckas onepanus C IUIaBaro-
hieil 3ansaTon

Apudmernueckas omnepaius ¢ QUKCUPO-
BAaHHOM 3amTOU
Apudmernueckas HoArpynma
Apudmernueckas nporpeccust
Apudmerndeckass TPOTPeccHsl BBICIICTO
HopsiIKa

Apundmernueckas cymma
ApupmeTniecknii 610K
ApudMeTnIecKuii oneparop
ApudMeTnIecKuit pss
Apumernueckuii cIBUT
Apupmernueckuii TpeyroJbHIK
Apugmernueckoe BEIpaKEHNE
Apudmernueckoe neiicTere
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Arithmetic mean
Arithmetic device

1) Adding machine

2) Arithmometer

3) Calculator

4) Desk calculating machine
Arc cosine

Arc cotangent

Arc sine

Arc tangent

Arctic front

1) Accessories

2) Armature

Armillary sphere
Armco-iron

Aromatic compound
Arrhenius’s theory

1) Arrester

2) Arresting lever

3) Caging device

4) Catch

5) Stop

1) Cage

2) Rate-cage
Articulating ability
Articulation
Archimedes’ principle
Buoyancy

Archimedes screw
Asbestos

Asymmetrical molecule
Asymmetrical atom
Asymmetrical analysis
Asymmetric synthesis
Asymmetrical wave
Asymmetrical curve
Asymmetric distribution
Asymmetric vibration
Asymmetrical top
Asymmetric rotator
Asymmetry

East-West asymmetry
North-South asymmetry
Asymptote

Asymptotic convergence
Asymptotic cone
Asymptotic path
Asymptotic series
Asymptotically stable
Asymptotic expression
Asymptotic value
Asymptotic direction
Asymptotic expansion
Asymptotic solution
Asynchronous computer
Asynchronous machine
Asynchronous processing

Asynchronous operation
Asynchronous transmission
Asynchronous working
Asynchronous system
Asynchronous generator

Arifmetik orta
Arifmetik qurulus
Arifmometr

Arkkosinus
Arkkotangens
Arksinus
Arktangens
Arktika cebhasi
Armatura

Armilyar dairsa (muhit)
Armko-demir
Aromatik birlagsmalar
Arrenius nazeriyyasi
Arretir

Arretirlemak

Artikullagdirma qabiliyyeti
Artikulyasiya

Arximed ganunu
Arximed quvvasi
Arximed vinti

Asbest

Asimmetrik molekul
Asimmetrik atom
Asimmetrik tahlil
Asimmetrik sintez
Asimmetrik dalda
Asimmetrik ayri
Asimmetrik paylanma
Asimmetrik ragsler
Asimmetrik firfira
Asimmetrik rotator
Asimmetriya

Sarg-Qarb asimmetriyasi
Simal-Canub asimmetriyasi
Asimptota

Asimptotik yigilma (siranin)
Asimptotik konus
Asimptotik yol

Asimptotik sira
Asimptotik dayanigh
Asimptotik ifada
Asimptotik giymat
Asimptotik istigamat
Asimptotik siraya ayirma
Asimptotik hall

Asinxron hesablama masini
Asinxron masin

1) Asinxron igloma

2) Tekmillesdirma
Asinxron amaliyyat
Asinxron 6tirma
Asinxron is

Asinxron sistem
Asinxron generator
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Apudmerndeckoe cpeaHee
Apugmernydeckoe ycTpoicTBo
Apugpmomerp

ApKKOCHHYC
ApPKKOTaHT€HC
Apkcunyc
ApKTaHIreHC
Apxrrueckuii ppoHT
Apwmarypa

ApmuiutspHas chepa
ApMKO-Kere30
ApoMaTuyecKue COeTMHEHHUS
AppeHuyca Teopust

Appetup

AppetupoBatb

ApTHKynupyromas cnocoOHOCTh
ApTuKynAnus

Apxumerna 3aKoH

ApxumenoBa cuia

ApXUMeI0OB BUHT

Acoect

AccuMMeTpruiecKasi MoJIeKyJia
AcUMMETPUYECKUI aTOM
AcUMMETpUYECKUI aHaIU3
ACHMMETPUYECKHI CHHTE3
AcuMMeTpHYHas BOJIHA
AcuMMeTpUYHAs KpUBast
AcUMMETpUYHOE pacipe/iesieHre
AcHMMeTpHYHBIE KOJIeOaHus
ACUMMETPHYHBIN BOTUOK
ACUMMETPHUUHBIN POTATOP
Acummerpus

AcHMMeTpHsT BOCTOYHO-3aIaHas
AcuMMeTpHs CeBEpO-I0XKHAs
Acumirora

ACHMITOTHYECKAs! CXOANMOCTb
ACUMITOTHYECKHUI KOHYC
ACHMITOTHYECKHUH TyTh
ACHMITTOTHYECKUHN PSIT
ACUMNTOTHYECKH YCTONUUBBIN
ACHUMIITOTHYECKOE BBIPAKECHUE
AcuMNTOTHYECKOE 3HAUYEHHE
ACHMITOTHYECKOE HallpaBJIeHHe
ACUMITOTHYECKOE Pa3I0KEHUE
ACHMITOTHYECKOE PEIICHHE
ACHHXpOHHAsI BBIYMCIUTENbHAs MallIHA
ACHHXpOHHAas MallliHa
AcuHXpoHHas 00paboTKa

ACHHXpOHHAs OTepaIus
AcCHHXpOHHAs mepeaaya
AcuHXpOHHas paboTa
ACUHXpOHHas cUCTeMa
ACHUHXpOHHBIN T€HEPaTOP



Asynchronous motor
Asynchronous mode
Aspirator

Aque aspirator

Double aspirator
Aspiration psychrometer
Aspiration thermometer
Assembler
Assimilation
Associative memory
Associative register
Association
Association of ions
Molecular association
Asssociated liquid
Asssociated molecule
Magnetic astatizing
Astatize

Astasia

Astatine

Astatic coil

Astatic system of magnets
Astatic

Astatic galvanometer
Astatic magnetometer
1) Astatic balance

2) Astatic equilibrium
Astatic control
Asthenosphere
Asterism

Planetoid

Astigmatism
Astigmatism of pencil
Astigmation difference
Astigmatic pencil of rays
Astrometry
Astrophotometry
Astroid

Astrology

Astrolabe

Astrolabe with prism
Astrometry
Astronomical longitude
Astronomical unit
Astronomical unit of force
Astronomical observatory
Astronomical refraction
Astronomical latitude
Astronomical constants
Astronomical twilight
Astronomical clock
Astronomical climate
Astronomical compass
Astronomical sign
Astronomical telescope
Astronomical triangle
Astronomical time
Astronomy
Astronomical triangle
Astrophysics
Astrophysical observatory
Astrophotography
Celestial photometry
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Asinxron muharrik
Asinxron is qaydasi
Aspirator

Su aspiratoru

Qosa aspirator
Aspirasion psixrometr
Aspirasion termometr
Assembler

Assimilyasiya

Assosiativ yaddas
Assosiativ geyd daftari
Assosiasiya

lonlarin assosiasiyasi
Molekullarin assosiasiyasil
Assosiasiya olunmus maye
Assosiasiya olunmus molekul
Maqnit astaziyalamasi
Astaziyalama

Astaziya

Astatin

Astatik magara

Astatik magnitler sistemi
Astatik

Astatik galvanometr
Astatik magnitélgan
Astatik tarazliq

Astatik toenzimlama
Astenosfera

Asterizm

Asteroid

Asigmatizm

Deste asigmatizmi
Asigmatik ferq

Slalarnn asigmatik dastasi
Astrometriya

Astrograf

Astroid

Astrologiya

Astrolyabiya

Prizma ile astrolyabiya
Astrometriya

Astronomik uzunluqg dairasi
Astronomik vahid
Astronomik quvve vahidi
Astronomik observatoriya
Astronomik refraksiya
Astronomik en dairasi
Astronomik sabitler
Astronomik alagaranliglar
Astronomik saat
Astronomik iglim
Astronomik kompas
Astronomik isare, slamat
Astronomik teleskop
Astronomik lG¢bucaq
Astronomik vaxt
Astronomiya
Astrospektroskopiya
Astrofizika

Astrofiziki observatoriya
Astrofotografiya
Astrofotometriya
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ACUHXpOHHBIH IBUTATEINb
ACHHXPOHHBIN PEKUM
Acniuparop

AcnupaTop BOAHBIN
AcnupaTop JBOWHOM
AcnUpalnyoHHBIH ICUXPOMETP
AcnupanoHHbII TEPMOMETP
Accembrep

AccuMUIALIsS
AccouuaTuBHAas TaMSTh
AcCOUMaTHBHEIA PETUCTP
Accommanus

Accompanust HOHOB
Accormmanysi MOJIeKyJ
AcconunpoBaHHas )XKHJIKOCTh
AccouunpoBaHHas MOJIEKya
Acra3upoBaHHE MarHUTHOE
Acra3upoBatb

Acrazus

AcrtatuH

Acrarrdeckas KaTyIka
AcraTtrdeckas CHCTeMa MarHATOB
Acratnyeckuii
AcTaTU4ecKuil raTbBAHOMETP
AcTaTu4ecKuii MarHUTOMETP
AcTtatudeckoe paBHOBECHE

AcTaTnuecKkoe peryJinpoBaHue
Actenocdepa

Actepusm

Actepoun

AcTturmMaTa3mM

AcTuUrMaTH3M ITydKa
AcTurMaTHuecKas pa3HoCTb
AcTUrMaTHYeCKUH My4OK JTyden
AcTtpomeTpust

Actporpad

Actpouna

Actponorust

Actposaoust

AcTpostOus ¢ mpu3Moin
Actpomerpus
AcTpoHOMHUYECKAs 10JITOTA
AcTpoHOMIYECKAs €IMHALIA
AcTpoHOMIYECKAs CTUHAIIA CHIIBI
AcTpoHOMITUECKas 0OcepBaTopus
AcTtpoHOMHIYECKas pedpaKius
AcTpoHOMUYECKAS MHUPOTA
ACTpOHOMHYECKHUE TOCTOSTHHBIC
ACTpOHOMHYECKHE CYMEPKU
ACTPOHOMUYECKHE YaChI
ACTPOHOMUYECKHI KIUMAT
AcCTpOHOMHYECKHUIT KOMIIac
ACTPOHOMHMYECKHH CUMBOJI
ACTPOHOMUYECKHI TEIECKOI
ACTPOHOMHYECKHH TPEYTOIbHUK
ACTPOHOMHUYECKOE BpeMsI
ActpoHoMus
ACTpOCTIEKTPOCKOTIHS
Actpodusnka
Actpodusudeckas oocepBaTopus
Actpodororpadus
Actpodoromerpus



Aspherical lens
Aspherical surface
Ataxite

Atactic polymer

1) Athermal solution

2) Athermic solution
Atwood’s machine

1) Spectral atlas

2) Spectral map
Atmolysis

Atmosphere

Stellar atmosphere

Earth atmosphere
Homogeneous atmosphere
Atmosphere of equilibrium
Solar atmosphere
Technical atmosphere
Physical atmosphere
Atmospherics

1) Atmospheric acoustics
2) Meteorogical acoustics
Atmospheric diffusion
Atmospheric corrosion
1) Atmospheric optics

2) Meteorogical optics
Atmosphere refractions
Atmospheric turbulence
Atmospheric circulation
Atmospheric disturbance
Atmospheric  pressure,
pressure

Atmospheric radiation
Atmospheric absorption
Airglow

Atmospheric electricity
Atmospheric waves
Atmospheric ions
Atmospheric oscillation
Precipitation
Atmospheric disturbance
Atmospheric tides
Atmospheric impurities
Atmospheric conditions
Atmospheric phenomena
Air shower

Atmospheric ozon
Atmospheric discharge
Air column

Atmospheric noic
Atmophile element
Cottrell atmospheres
Atom

Atomic hydrogen

Eddy atom

Interstitial atom
Hydrogen-like atom
Exited atom
Diamagnetic atom

1) Atom of substitution
2) Atom of replacement
lonization atom

Neutral atom
Paramagnetic atom
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barometric

Asferik linza
Asferik sath
Ataksit

Ataktik polimer
Atermik mahlul

Atvud masini
Spektral xatlerin atlasi

Atmoliz

Atmosfer

Ulduz atmosferi
Yerin atmosferi
Bircins atmosfer
Tarazlq (mivazinat) atmosferi
Glinas atmosferi
Texniki atmosfer
Fiziki atmosfer
Atmosferler
Atmosfer akustikasi

Atmosfer diffuziyasi
Atmosfer korroziyasi
Atmosfer optikasi

Atmosfer refraksiyasi

Atmosfer turbiletliyi

Atmosfer gatlarinin dovr etmasi
Atmosferin hayacanlanmasi
Atmosfer tazyiqi

Atmosferin stialanmasi
Atmosferin siia udmasi
Atmosferin isiglanmasi
Atmosfer elektriki
Atmosfer daldalari
Atmosfer ionlari
Atmosfer rogsleri
Atmosfer ¢okintulori
Atmosfer manealari
Atmosfer gabarmalari
Atmosfer asqgarlari
Atmosfer soraiti
Atmosfer hadisalari
Atmosfer glcli yagisi
Atmosfer ozonu
Atmosfer bosalmasi
Atmosfer sttunu
Atmosfer sas-kiyl
Atmosfer elementi
Kottrell atmosferlori
Atom

Atomar hidrogen
Buruldanl atom

Toatbiq edilon atom
Hidrogena banzar atom
Hayacanlanmig atom
Diamagnit atom
ovazedici atom

ionlasmis atom
Neytral atom
Paramaqnit atom
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Achepryeckas THH3a
Achepryeckas MOBEpXHOCTh
ATtakcur

ATaKkTHYECKUN TTOTUMED
ATepMudecKuii pacTBOp

ATByJa MalHa
ATnac cnieKTpaibHbIX JTUHUI

ATtmonu3

Atmochepa

ATMocdepa 3Be3 /bl
ATtmocdepa 3emnn
ATtMocdepa ogHOpOaHAS
ATMmocdepa paBHOBECHS
Atmoctepa Connila
ATMmocdepa TexHuUecKast
Atmocdepa puzndeckas
ATmocdeprkn
ATMmocdepHas akycTHKa

Atmochepras nuddy3us
ATmoctepHas Koppo3us
ATMochepHas onTHKa

ATtMochepras pedpaxius
ATmocdepHas TypOyJIeHTHOCTh
ATMocdepHas TUpKYJISHs
ATMocdepHOe BO3MYyIIIEHHE
ATMocdepHoe aBieHne

ATmochepHOe H3TydeHnE
ATMmochepHoe ToTIIoIeHNe
ATmocepHoe cBeUeHHE
ATMOCheEpHOE dNEKTPUIECTBO
ATMocChepHBIE BOJTHBI
ATMOCGhEpHbBIE HOHBI
ATtMmocdepHbIe KoeOaHust
ATMmocdepHbIe ocaaKu
ATMmocdepHbIe momMexu
ATMOcdepHBIE IPUIUBEI
ATMmocdepHbIe TpuMecH
ATMocdepHBIe YCIIOBHS
ATmMmochepHbIe SBICHUS
ATMoc(hepHBIif THBEHb
ATmochepHBIii 030H
ATMochepHbIH pa3ps
ATtMocdepHbIit cTon0
ATMmocdepHBIH mym
ATMocdepHBIH 21eMeHT
Atmocdepst Korrpemna
Atom

AToMapHBIi1 BOZOPOA
AToM BUXpeBO’

ATOM BHEApEHUs

ATOM BOIOPOIOTIONOOHBIIH
ATOM BO30YXKICHHBIH
ATOM HHaMarHUTHBIA
ATOM 3amMemneHus

ATOM MOHU3UPOBAHHBIH
ATOM HEHTpanbHbIN
ATOM mapaMarHUTHBINA
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Radioactive atom
Atomism

Atomistics

Atomic structure
Atomic battery

Atomic bomb

Atomic dispersion
Atomic fraction

Atomic unit

Atomic mass unit
Atomic magnetic susceptibility
Atomic weight

Physical atomic weight
Chemical atomic weight
Atomic mass frequency
Atomic model

Atomic orbit

Atomic orbital

Atomic plane

Atomic polarization
Atomic refraction
Atomic lattice

Atomic spectral line
Atomic theory

Atomic heat

Atomic heat at constant pressure

Atomic heat at constant volume

Atomic stopping power

Atomic physics

Atomic power engineering

Atomic energy

Atomic absorption spectrophotometry

Atomic absorption spectral analysis
Atomic absorption spectrophotometer

Atomic rotation

Atomic time

Atomic cross-section
Atomic state

Atomic nucleus

Atomic polarization coefficient
Atomic polarization tensor
Atomic models

Atomic clock

Atomic weight

Atomic generator

Atomic energy engine
Atomic dipole

Atomic charge

Atomic absorption coefficient
Atomic crystal

Atomic ray

Atomic number

Atomic volume

Atomic remainder

Atomic percent

Atomic beam

Atomic radius

Atomic reactor

Radioaktiv atom

Atomizm

Atomistika

Atomistik qurulus

Atom batareyasi

Atom bombasi

Atom dispersiyasi

Atom hissaesi

Atom vahidi

Katlanin atom vahidi

Atom magnit nufuzlugu
Atom kdtlasi

Fiziki skalada atom kutlesi
Kimyovi skalada atom kutlesi
Tezliyin atom kutlesi
Atom modeli

Atom orbiti

Atom orbitali

Atom mustavisi

Atom polyarizasiyasi
Atom refraksiyasi

Atom gafasi

Atom spektral xatti

Atom nazeriyyesi

Atom istilik tutumu

Sabit tezyiqde atom istilik tutumu

Sabit heacmda atom istilik tutumu

Atom tormozlama qabiliyyati

Atom fizikasi

Atom energetikasi

Atom enerjisi

Atom-absorbsiya spektrofotomet-
riyasi

Atom-absorbsiya spektral analiz

Atom-absorbsiya spektrofotometr

Atom firlanmasi
Atom vaxt

Atom kesiyi

Atomun hali

Atom nilvesi

Atom polyarlasma amsali
Atom polyarlagma tenzoru
Atom modellori
Atom saati

Atom ¢okisi

Atom generatoru
Atom muharriki
Atom dipolu

Atom yuku

Atom udulma amsali
Atom kristali

Atom stiasi

Atom nomrasi

Atom hacmi

Atom qgalid

Atom faizi

Atom destesi

Atom radiusu

Atom reaktoru
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ATOM paguoaKTHBHBIN

ATtoMm3M

ATomuCTHKA

ATOMUCTHYECKOE CTPOCHHE

Atomuas 6arapest

AromHas 6omba

AToMHas ucniepcust

AToMHas 1014

ATOMHAas eIUHNIIA

ATOMHAas €TUHAIIA MACCHI

ATOMHasi MATHUTHAS BOCIIPUUMYHUBOCTH
AToMHas Macca

ATOMHast Macca o (PU3UYECKOM IIIKae
AToMHas Macca 1o XUMHUYECKOH IIIKaJIe
AToMHast Macca 4YaCTOTBI

ATOMHas MOJIENb

ATtomHas opbura

ATOMHast opOHTaIB

ATOMHAas TTOCKOCTb

ATOMHAas TIOJISIPU3AIIHS

AToMHas pedpakuus

AToMHas penieTrka

ATOMHAas CIIeKTpajbHAS JTHHUS
AToMHas Teopust

ATOMHAas TETIIOEMKOCTh

ATOMHaﬂ TCIJIOEMKOCTb TIIPpU TOCTOSIH-
HOM J1aBJICHUU

ATOMHaﬂ TCIJIOEMKOCTb IIPpU TOCTOSIH-
HOM 00BEMeE

AToOMHAast TOpMO3Hast CHOCOOHOCTh
ATomHas pu3HKa
ATOMHas 3HEpreTuka
AToOMHas 3Heprus
ATomMHO-abcopOIMoHHas
MeTpus
ATOMHO-a0COPOIIMOHHBIN CIIEKTPaTbHBIN
aHaIM3

ATOMHO-a0COpPOLIMOHHBIN
CHEeKTpopOoTOMETD

ATOMHOE BpaleHue

AToMHOE Bpemst

ATOMHOE ceueHue

ATOMHOE COCTOSTHUE

AToMHOE A1pO

ATOMHOW KO3 PHUIHUEHT MOIAPU3ALUU
ATOMHOM TE€H30p TOJISIPU3AITUH
ATOMHBIE MOIETTH

ATOMHBIE 9acCHI

ATOMHBIN BeC

ATOMHBII TeHepaTop

ATOMHBIN JBUTaTe/Ib

ATOMHBIH TUIIOIb

ATOMHBIN 3apsig

ATOMHBIN K03(p(PUITUEHT TOTTOMCHAS
ATOMHBIN KpUCTAILIT

ATOMHBIN 1y4

ATOMHBII HOMEP

ATOMHBIN 00BEM

ATOMHBII OCTaTOK

ATOMHBIN IPOLIEHT

ATOMHBIN Ty4OK

ATOMHBIH paguyc

ATOMHBIN peakTop

criektpodoTo-
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Atomic layer

Atomic spectrum
Atomic factor

Atomic scattering factor
Recoil atom

Lattice atom
Attenuator
Audiogram
Audiometer
Auxochrome
Austenitizing
Austenite

Austenitic structure
Austenitic grain
Austina formula
Autoxidation
Aphelion

Afocal system

Affine algebraic group
Affine geometry
Affine differential geometry

Affine curvature
Affine connection
Affine mapping
Affine transformation
Affine space
Affinely congruent
Affine coordinates
Affinor
Achromasia
Achromat
Achromatism
Achromatic lens
Achromatic prism
Achromatic color
Oxyacetylene flame
Acetone
Acidimetry

Acyclic

Acyclic compound
1) Aeration

2) Aerification
Aerogel
Aerography
Aerogram
Aerograph
Aerodynamics
Rarefied gas dynamics

Supersonic aerodynamics
Aerodynamic interference
Aerodynamic twist
Aerodynamic force

Wind tunnel

High speed wind tunnel
Closed-circuit wind tunnel

Intermittent wind tunnel

Low-density wind tunnel

Atom tabagasi
Atom spektri
Atom faktoru
Sapilmanin atom faktoru
italome atomu
Qafas atomu
Attenyuator
Audiogram
Audimetr
Auksoxrom
Austenizlemae
Austenit

Austenit qurulusu
Austenit toxumu
Austin disturu
Autooksidlasdirma
Afeliy

Afokal sistem

Afin cabri qrupu
Afin handasasi
Afin differensial handesasi

Afin ayriliyi

Afin rabiteliyi

Afin inikasi (eks etmasi)
Afin ¢evrilmasi

Afin fazasi
Afin-konqruent

Afin koordinatlari
Afinor

Axromaziya

Axromat

Axromatizm
Axromatik linza
Axromatik prizma
Axromatik rang
Asetilen-oksigen alovu
Aseton

Asidimetriya

Asiklik

Asiklik birlesgma
Aerasiya

Aerogel

Aerografiya

Aerogram

Aeroqraf

Aerodinamika

Seyraldilmis gazlarin aerodinami-
kasl

Sas suratinden boylk siratlerin
aerodinamikasi

Aerodinamik interferensiya
Aerodinamik burma

Aerodinamik qlvve

Aerodinamik boru

Boyuk suratli aerodinamik boru

Qapall névli aerodinamik boru
Qisa muddatli igloeyan aerodina-
mik boru

Kicik sixligh aerodinamik boru
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ATOMHBII citof

ATOMHBIN CIIEKTP

ATOMHBII (hakTop
ATOMHBII (hakTOp paccessHus
AToM oTmaun

ATOM peteTku
ATTeHroatop

AynuorpamMma

Ayauomerp

Aykcoxpom

Aycrenuzanus

AycTeHUT

AyCTeHUTHas CTPYKTypa
AyCTEHUTHOE 3epHO
AycruHa dopmya
AyTookcuanus

Adennii

AdokanpHas cucrema
Adodunnas anredpanyeckas rpynmna
Addurnas reomeTpus
Addurnas muddepeHnmaIbHAS TEOMET-
pus

AdduHHasT KpUBH3HA
AdduHHAs CBI3HOCTD
AddunHOE oTOOpaKECHHE
AdodunHoe npeodpazoBaHue
AddurHHOE TPOCTPAHCTBO
A bUHHO-KOHTPYIHTHBIH
A¢duHHBIE KOOPIUHATHI
Adounop

Axpomasus

Axpomar

AxpomMaTtusm
AxpoMaTtudeckas JIMH3a
AxpoMaTtuieckas mpru3mMa
AXpOMaTHYECKH IIBET
ANEeTHIICHO-KHCIIOPOJHOE TUIaMs
AneToH

Auuaumetpus
Auuxinnyeckuit
ANMKINYECKOE COSINHEHNE
Abspanus

Asporenb

Ansporpadus

AsporpamMma

Asporpad

AspoauHamMuKa

AbdpoJrHaMKKa pa3psHKEHHBIX Ta30B

AdpoiHaMHMKa CBEpPX3BYKOBBIX CKOpOC-
Tel

AbsponrHamMuyeckast HHTepepeHIHS
AbdpoarHamMmIgecKas KpyTKa
AbdponrHaMHIYecKast CHia
AbsponnHammgeckas Tpyoa
AdponnHammyeckas — TpyOa  OOIBIINX
CKopocTei

AdponrHamudeckas Tpyba 3aMKHYTOTO
TUIIa

AbsponuHamuueckas Tpyba KpaTKoOBpe-
MEHHOI'0 IEUCTBUS

AbsponuHamMudecKkas TpyOa Mallod IUIOT-



Low-speed wind tunnel

Variable-density wind tunnel

Open-circuit wind tunnel
Closed-jet wind tunnel

Open-jet wind tunnel

Aerodynamic characteristics

Aerodynamic balance
Aerodynamic hearting
Aerodynamic wake
Aerodynamic center
Lift-drag ratio
Aerodynamic resistance
Aerosol

Aerolite

Upper-air chart
Aerological observatory
Upper-air analysis
Aerology

Airborne magnetometer
Aeromechanics
Aeronaut

Aeronautics

Aeronomy

Airplane

Aerial photography
Ballon

Aerostatics

Aerostatic force
Aerosphere
Aerothermoelasticity
Aerophotogrametry
Aeroelasticity
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Kicik surstlere hesablanmig aero-
dinamik boru
dayisan sixligl aerodinamik boru

Aciq novli aerodinamik boru

Qapali is¢i hisseli aerodinamik
boru
Aciq isci hissali aerodinamik boru

Aerodinamik xarakteristika
Aerodinamik terazi
Aerodinamik gizma
Aerodinamik iz
Aerodinamik fokus
Aerodinamik keyfiyyat
Aerodinamik miigavimat
Aerozol

Aerolit

Aerologik xarite
Aerologik observatoriya
Aerologik analiz (tshlil)
Aerologiya
Aeromagqgnitometr
Aeromexanika
Aeronavt

Aeronavtika
Aeronomiya

Aeroplan, tayyara
Aerosakil

Aerostat

Aerostatika

Aerostatik quivve
Aeromihit
Aerotermoelastiklik
Aerofotogrametriya
Aeroelastiklik
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HOCTH

AdponvrHammyeckas Tpy0a MajlbIX CKO-

pocteit

AbspoauHamuyeckas Tpyba IepeMeHHOU

IJIOTHOCTHU

AbspoauHamudeckas Tpyba pasOMKHYTO-

I'0 THUIIA

AbspoauHamudeckas Tpyba C 3aKphITOH

paboueii yacTpIO

AbdponnHammdeckas Tpyda C OTKPBITOH

paboueii yacTbIO
AbspoanHamMHuYecKasi XapaKTepUCTHKA
AdpoauHAMUYECKHE BECHI
AdpoarHaAMUYECKHI HarpeB
AdpoarHaAMHYECKHUH cref
AbsponuHamuyeckuii Goxyc
AdpOoMHAMHYECKOe KaueCTBO
AdpOoJMHAMHUYECKOE COIIPOTHBIICHUE
Aspo301b

Absponur

Abdponorndeckas Kapra
Abspornorndeckast o0cepBaTopus
ABpONIOTUYECKH aHATHN3
Asponorus

Ad3pOMarHuTOMETp
AspomexaHHMKa

A>poHaBT

AbdpoHaBTHKA

AspoHomust

Abdponnan

AdpOCHUMOK

Aspocrat

Anspocratuka
AbspocraTudeckas cuia
Aspocdepa
ABpoTepMOynIpyrocTh
Aspodororpamerpus
Abspoymnpyrocts
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Anmapat u3MepuTeNb

Anmapar KuHeMaTorpaduuecKui
ArnmnapaT KUHOIPOEKIIMOHHBIN
ArnmapaT KOMIIEHCAIIMOHHBII
AmnmnapaTt Mop3e

AmnmnapaT ONTHYECKUH

Amnmapar oTrpaBuTeNb
AmnmnapaT NepeHOCHbIN

Anmnapar nossipu3alioOHHbINA
Anmnapat npueMHbIN

Anmnapat NpoeKIMOHHBIH
Armmapat paauo TenerpadHbli
Armmapat peryaupyromunit
ArnmnapaT peHTTeHOBCKUil
AmnnapaT poTaIrOHHbII
ArnnapaT caMONUIIYIINH
AmnmnapaT CUMIUIEKCHBIN
Amnmnapat ci1yXxoBoH

AmnmnapaT TeroBon

Anmnapat OTKIOYEHHsI TOKa
Anrmnapat TO4HBII

Anmnapat yepTaiui

Amnmapat IO03a
AnnpokcuMaTHBHAs IPOU3BOIHAS
AnpuopHasi BEpOsSTHOCTb
ATIPOTOHHBII pacTBOPUTEINH
Arncuna

ArnicuHas THHUS
Aparo-®peHens OnbIT

Aparo siBiIeHUE
ApreHromerpus

AproH

AproHoBas Jlamna

ApProHOBBIN HOHHBIH J1a3ep
ApProHOBBIH J1a3ep

ApronHas TpyOka

ApPryMeHT KOMIUIEKCHOTO YHCia
ApPryMeHT NepuLeHTpa
ApPryMeHT IIUPOTHI

Apnomerp

Apeomerp

ApeoMeTp NPOLEHTHBIN
ApEONUKHOMETP

ApuzHas 30Ha

Apudmernzamms

Apudpmernka

Apudpmernieckas KOMaH1a
Apudmerndeckasi omepaius ¢ IUIaBaro-
el 3amnsaTon

Apudmernueckas onepauus ¢ GUKCHPO-
BaHHOM 3amsATON
Apudmernueckas HOArpynmna
Apudmernueckas nporpeccust
Apugmernueckas IPOrpeccys BHICIIETO
TopsizIKa

Apudmerndeckas cymma
Apudmernaecknii 610K
ApudMeTniecknii oneparop
ApudMeTniaeckuit psij
Apudmernueckuii cIBUT
ApupmMeTnueckuil TpeyrojabHUK
Apugmernueckoe BEIpaKeHNE
Apudmernueckoe neiicTere

Measuring apparatus
Cinema apparatus

Film projection apparatus
Compensated apparatus
Morze’s apparatus
Optical apparatus
Device-sender

Portable apparatus
Polarizing apparatus
Receiving apparatus
Projection apparatus
Radio-telegraph apparatus
Regulating apparatus
X-ray apparatus

Rotation apparatus
Autographic apparatus
Simplex apparatus

Hear apparatus

Thermal apparatus
Off-state current apparatus
Preccise apparatus
Drawn apparatus

Yuz’s apparatus
Approximate derivative
Apriori probability
Aprotic solvent

Apse

Line of apsides
Arago-Frenel experiment
Arago effect
Argentometry

Argon

Argon glow lamp
Argon-ion laser

Argon laser

Argon tube

Argument

Argument of perihelion
Argument of latitude
Ardometer

Areometer

Percentage areometer
Areopycnometer

Arid zone
Arithmetization
Arithmetic

Arithmetic instruction
Floating-point arithmetic

Fixed-point arithmetic

Arithmetic subgroup
Arithmetical progression

Arithmetic progression of higher

order

Arithmetic sum
Arithmetic unit
Arithmetic operator
Arithmetic series
Arithmetic shift
Arithmetic triangle
Arithmetic expression
Arithmetic operation
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Olgli aparati
Kinomatoqraf aparati
Kinoproyeksiya aparati
Kompensasiya aparati
Morze aparati

Optik aparat

Gonderici aparat
Kocguricl aparat
Polyarlagsma aparati
Qabuledici aparat
Proyeksiya aparati
Radio teleqraf aparati
Tenzimedici aparat
Rentgen aparati
Rotasiya aparati
Oziiyazan aparat
Simpleks aparati
Esitma aparati

istilik aparati

Carayani kasan aparat
Daqiq aparat

Cizan aparat

Yuz aparati
Aproksimatik térama
Apriori ehtimal

Aproton mahlul

Apsid

Apsid xatti
Arago-Frenel tacriibasi
Araqo hadisesi
Argentometriya

Argon

Argon lampasi

Argon ion lazeri

Arqgon lazeri

Argon borucugu
Kompleks adadin arqumenti
Perimarkazin arqumenti
En dairasinin arqumenti
Ardometr

Areometr

Faiz areometri
Areopiknometr

Arid zonasi
Arifmetiklosma
Arifmetika

Arifmetik komanda
Uzen (gezen) vergiil ile arifmetik
amaliyyat

Fiksa olunmus vergul ile arifmetik
amaliyyat

Arifmetik alt gqrup
Arifmetik progres
Yuksak tortibli arifmetik progres

Arifmetik com
Arifmetik blok
Arifmetik operator
Arifmetik sira
Arifmetik deyisma
Arifmetik Gg¢bucaq
Arifmetik ifada
Arifmetik amaliyyat
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Apudmerndeckoe cpenHee
Apudmernaeckoe ycTpoiicTBO
Apucdmomerp

ApKKOCHHYC
ApPKKOTaHT€HC
ApkcuHyc
ApKTaHI€HC
ApkTHuecKuii GpoHT
Apwmarypa

ApmuuisipHas chepa
ApMKO-Kerne30
ApOoMaTHYECKUE COCMHEHUS
Appenuyca Teopus

Appetup

AppetnpoBatb

ApTHKYNHpPYIOIIas CHOCOOHOCTh
ApTUKYIALUSA

Apxumesa 3aK0oH

ApxumenoBa cuiia

ApXUMEIOB BUHT

Acbecr

AccumMeTpruiecKast MOJIeKyJIa
ACHMMETPUYECKHUI aTOM
ACHMMETPUYECKHUN aHAIHU3
AcCHMMETPUYECKUN CHHTE3
AcrMMeTpuYHas BOJIHA
AcuMMeTpUYHAs KpUBast
AcHUMMeTpUYHOE pacTpe/iesieHrne
AcHMMeTpHYHbIe KoJieOaHus
AcCUMMETpHUYHBIN BOTUOK
AcCUMMETpUYHBIN pOTATOP
Acummerpus

AcHUMMeTpHsl BOCTOUHO-3aIaIHas
AcHUMMeTpHs CeBEpO-I0XKHAs
Acumnrora

ACHMITOTHYECKAs] CXOAUMOCTh
ACHUMITOTHYECKHI KOHYC
ACHMNTOTHYECKHUH MTyTh
ACHMIITOTHYECKUH PsIT
ACUMNTOTHYECKH YCTONUUBBIN
ACHMIITOTHYECKOE BBIPAKEHUE
ACUMNTOTHYECKOE 3HAUCHHE
ACHMNTOTHYECKOE HaIlpaBJICHHE
ACHMITOTHYECKOE Pa3JIOKEHNE
ACHMIITOTUYECKOE PELIEHHE
ACHHXpOHHAs BBIYMCIUTEIbHAS MalIHA
ACHHXpOHHAas MalllMHa
AcuHXpoHHas 00paboTKa

ACHHXpOHHAS OTIepaIns
AcUHXpOHHas mepeaada
AcuHXpoHHas paboTa
AcCUHXpOHHas cUcTeMa
ACHHXPOHHBIN TeHepaTop

Arithmetic mean
Arithmetic device

1) Adding machine

2) Arithmometer

3) Calculator

4) Desk calculating machine
Arc cosine

Arc cotangent

Arc sine

Arc tangent

Arctic front

1) Accessories

2) Armature

Armillary sphere
Armco-iron

Aromatic compound
Arrhenius’s theory

1) Arrester

2) Arresting lever

3) Caging device

4) Catch

5) Stop

1) Cage

2) Rate-cage
Articulating ability
Articulation
Archimedes’ principle
Buoyancy

Archimedes screw
Asbestos

Asymmetrical molecule
Asymmetrical atom
Asymmetrical analysis
Asymmetric synthesis
Asymmetrical wave
Asymmetrical curve
Asymmetric distribution
Asymmetric vibration
Asymmetrical top
Asymmetric rotator
Asymmetry

East-West asymmetry
North-South asymmetry
Asymptote

Asymptotic convergence
Asymptotic cone
Asymptotic path
Asymptotic series
Asymptotically stable
Asymptotic expression
Asymptotic value
Asymptotic direction
Asymptotic expansion
Asymptotic solution
Asynchronous computer
Asynchronous machine
Asynchronous processing

Asynchronous operation
Asynchronous transmission
Asynchronous working
Asynchronous system
Asynchronous generator
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Arifmetik orta
Arifmetik qurulus
Arifmometr

Arkkosinus
Arkkotangens
Arksinus
Arktangens
Arktika cabhaesi
Armatura

Armilyar dairs (muhit)
Armko-demir
Aromatik birlagmalar
Arrenius nazeriyyasi
Arretir

Arretirlemak

Artikullagsdirma qabiliyysti
Artikulyasiya

Arximed ganunu
Arximed quvvasi
Arximed vinti

Asbest

Asimmetrik molekul
Asimmetrik atom
Asimmetrik tahlil
Asimmetrik sintez
Asimmetrik dalga
Asimmetrik ayri
Asimmetrik paylanma
Asimmetrik ragsler
Asimmetrik firfira
Asimmetrik rotator
Asimmetriya

Serg-Qerb asimmetriyasi
Simal-Canub asimmetriyasi
Asimptota

Asimptotik yigilma (siranin)
Asimptotik konus
Asimptotik yol

Asimptotik sira
Asimptotik dayanigh
Asimptotik ifade
Asimptotik giymat
Asimptotik istigamat
Asimptotik siraya ayirma
Asimptotik hall

Asinxron hesablama masini
Asinxron masin

1) Asinxron igloma

2) Takmillesdirma
Asinxron amaliyyat
Asinxron étirma
Asinxron is

Asinxron sistem
Asinxron generator
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ACHUHXpOHHBIH TBUTATEIb
ACHHXPOHHBIN PEKUM
Acniuparop

AcnupaTop BOAHBIN
AcnupaTop JBOHHON
AcnupaioOHHBIA ICUXPOMETP
AcnupaiOHHbIA TEPMOMETP
AccembOnep

AccuMUIALAS
AccouuaTuBHas IaMsITh
AcconaTuBHBIA PETUCTP
Acconmanus

Acconuanys HoOHOB
Accornuanusi MOJIEeKyJ
AcconunpoBaHHast )KUJIKOCTh
AccouunpoBaHHas MOJIEKyna
AcTa3upoBaHUE MaTHUTHOE
AcTa3upoBatb

Acrazus

AcrtaTuH

AcraTuyeckas KaTylIKa
AcTatrdeckas CCTeMa MarHUTOB
AcTaTtnyeckuii
AcTaTU4eCKHil TATbBAHOMET]
AcTaTn4ecKuil MarHUTOMETP
AcTtaTuieckoe paBHOBECHE

AcTaTHuecKkoe peryJnpoBaHue
ActeHocdepa

Actepusm

Actepoup

AcTturmatusm

AcTuUrmMaTtusm Imydka
AcTturmMaTtryeckas pa3HoCTb
AcCTHUrMaTHYeCKUN My4OK JTy4den
AcTtpomeTpust

Actporpad

Actpouna

Actponorus

AcTpornsous

AcTponsaous ¢ nmpu3Moin
Actpomerpus
AcTpOHOMHYECKASI 10JITOTA
AcTpOoHOMIYECKAs eIIHATIA
ACTpOHOMHYECKAs CIUHHLA CHIIBI
AcTpoHOMHIYECKas 00cepBaToOpus
AcTpoHOMIUECKas pedpaKuus
AcTpoHOMHUYECKAs IIUPOTA
ACTPOHOMHYECKHE ITOCTOSTHHBIC
ACTpOHOMHYECKHE CYMEPKH
ACTPOHOMHUYECKHE YaChl
ACTPOHOMUYECKHI KIUMAT
ACTpOHOMHYECKHIT KoMMac
ACTPOHOMHMYECKHI CUMBOJI
ACTPOHOMUYECKUI TEIECKOI
ACTPOHOMHYECKHH TPEyrOIbHUK
ACTPOHOMHYECKOE BpEMsI
AcTtpoHOMUS
ACTpOCTIEKTPOCKOTIHS
AcTpodusuka
Actpodusuueckas oocepBaTopus
Actpodororpadus
Actpodoromerpust

Asynchronous motor
Asynchronous mode
Aspirator

Aque aspirator

Double aspirator
Aspiration psychrometer
Aspiration thermometer
Assembler
Assimilation
Associative memory
Associative register
Association
Association of ions
Molecular association
Asssociated liquid
Asssociated molecule
Magnetic astatizing
Astatize

Astasia

Astatine

Astatic coil

Astatic system of magnets
Astatic

Astatic galvanometer
Astatic magnetometer
1) Astatic balance

2) Astatic equilibrium
Astatic control
Asthenosphere
Asterism

Planetoid

Astigmatism
Astigmatism of pencil
Astigmation difference
Astigmatic pencil of rays
Astrometry
Astrophotometry
Astroid

Astrology

Astrolabe

Astrolabe with prism
Astrometry
Astronomical longitude
Astronomical unit
Astronomical unit of force
Astronomical observatory
Astronomical refraction
Astronomical latitude
Astronomical constants
Astronomical twilight
Astronomical clock
Astronomical climate
Astronomical compass
Astronomical sign
Astronomical telescope
Astronomical triangle
Astronomical time
Astronomy
Astronomical triangle
Astrophysics
Astrophysical observatory
Astrophotography
Celestial photometry
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Asinxron muharrik
Asinxron is qaydasi
Aspirator

Su aspiratoru

Qosa aspirator
Aspirasion psixrometr
Aspirasion termometr
Assembler

Assimilyasiya

Assosiativ yaddas
Assosiativ qeyd daftari
Assosiasiya

lonlarin assosiasiyasi
Molekullarn assosiasiyasi
Assosiasiya olunmus maye
Assosiasiya olunmus molekul
Magqnit astaziyalamasi
Astaziyalama

Astaziya

Astatin

Astatik magara

Astatik magnitler sistemi
Astatik

Astatik galvanometr
Astatik magnitélgan
Astatik tarazliq

Astatik tenzimlama
Astenosfera

Asterizm

Asteroid

Asigmatizm

Desta asigmatizmi
Asigmatik ferq

Sualarin asigmatik destesi
Astrometriya

Astrograf

Astroid

Astrologiya

Astrolyabiya

Prizma ile astrolyabiya
Astrometriya

Astronomik uzunlug dairasi
Astronomik vahid
Astronomik quvve vahidi
Astronomik observatoriya
Astronomik refraksiya
Astronomik en dairesi
Astronomik sabitler
Astronomik alagaranliglar
Astronomik saat
Astronomik iglim
Astronomik kompas
Astronomik isare, slamat
Astronomik teleskop
Astronomik lgbucaq
Astronomik vaxt
Astronomiya
Astrospektroskopiya
Astrofizika

Astrofiziki observatoriya
Astrofotografiya
Astrofotometriya
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Achepuyeckas TuH3a
Achepuyeckas TOBEPXHOCTh
ATakcur

ATaKTHUYECKUH TTOTUMED
ATepMudecKuil pacTBOp

ATByJa MaluHa
ATnac crieKTpaibHbIX JTUHUI

ATmOnu3

ATtmMmocepa

ATMocdepa 3Be3 /bl
ATtMmocdepa 3emn
ATMocdepa omHOpOaHAS
ATmocdepa paBHOBecHs
Atmochepa Connila
ATmocdepa TexHuUecKast
Atmocdepa puzndeckas
ATmocdepuku
ATMmocdepHas akycTHKa

Atmochepras muhdys3us
ATMmochepHas Koppo3us
ATMocdepHas onTHKa

ATtMochepHas pedpaxius
AtmocdepHas TypOyJIEeHTHOCTh
ATMmocdepHas LUKy ISIHs
ATMocdepHOe BO3MyIIIEHUE
ATmocdepHoe naBieHne

ATMochepHOe U3ITyIeHHe
ATMOc(hepHOe TTOTIIOIIEHIE
ATMOc(epHOe CBeUeHHE
ATMOChEpHOE dIEKTPUIECTBO
ATMocChepHBIE BOTHBI
ATMOC(EpHbBIE HOHBI
ATmocdepHbIe KoebaHust
ATMocdepHbIe ocanKu
ATMmocdepHbIe moMexu
ATMOcdepHBIe TPHUIIHUBEI
ATMocdepHbIe TpuMecH
ATMmocdepHBIe yCIoBHs
ATMOc(hepHBIe SBICHUS
ATMOc(hepHBIii THBEHb
ATMOchepHBIii 030H
ATMochepHBIT pa3ps
ATMocdepHBIi cTo0
ATMmocdepHBIi mym
ATMOcdepHBIi 21eMeHT
Atmocdepsr Korrpernta
Atom

ATOMapHBIi1 BOZOPOA
ATOM BUXpEBOHI

ATOM BHEApPEHUS

ATOM BOJIOPOIOTIOTOOHBIN
ATOM BO30YKICHHBIH
ATOM AMaMarHUTHBIHA
ATOM 3aMelIeHns

ATOM MOHU3UPOBAHHBIH
ATOM HEUTpaIbHbII
ATOM napaMarHUTHBIN

Aspherical lens
Aspherical surface
Ataxite

Atactic polymer

1) Athermal solution

2) Athermic solution
Atwood’s machine

1) Spectral atlas

2) Spectral map
Atmolysis

Atmosphere

Stellar atmosphere

Earth atmosphere
Homogeneous atmosphere
Atmosphere of equilibrium
Solar atmosphere
Technical atmosphere
Physical atmosphere
Atmospherics

1) Atmospheric acoustics
2) Meteorogical acoustics
Atmospheric diffusion
Atmospheric corrosion
1) Atmospheric optics

2) Meteorogical optics
Atmosphere refractions
Atmospheric turbulence
Atmospheric circulation
Atmospheric disturbance
Atmospheric pressure, barometric
pressure

Atmospheric radiation
Atmospheric absorption
Airglow

Atmospheric electricity
Atmospheric waves
Atmospheric ions
Atmospheric oscillation
Precipitation
Atmospheric disturbance
Atmospheric tides
Atmospheric impurities
Atmospheric conditions
Atmospheric phenomena
Air shower

Atmospheric ozon
Atmospheric discharge
Air column

Atmospheric noic
Atmophile element
Cottrell atmospheres
Atom

Atomic hydrogen

Eddy atom

Interstitial atom
Hydrogen-like atom
Exited atom
Diamagnetic atom

1) Atom of substitution
2) Atom of replacement
lonization atom

Neutral atom
Paramagnetic atom

84

Asferik linza
Asferik sath
Ataksit

Ataktik polimer
Atermik mahlul

Atvud masini
Spektral xatlorin atlasi

Atmoliz

Atmosfer

Ulduz atmosferi
Yerin atmosferi
Bircins atmosfer
Tarazliq (mivazinat) atmosferi
Gulinas atmosferi
Texniki atmosfer
Fiziki atmosfer
Atmosferler
Atmosfer akustikasi

Atmosfer diffuziyasi
Atmosfer korroziyasi
Atmosfer optikasi

Atmosfer refraksiyasi

Atmosfer turbiletliyi

Atmosfer gatlarinin dovr etmasi
Atmosferin hayacanlanmasi
Atmosfer tazyiqi

Atmosferin stialanmasi
Atmosferin stia udmasi
Atmosferin isiglanmasi
Atmosfer elektriki
Atmosfer daldalari
Atmosfer ionlari
Atmosfer rogsleri
Atmosfer ¢okintilori
Atmosfer manealari
Atmosfer gabarmalari
Atmosfer asqarlari
Atmosfer soraiti
Atmosfer hadisslari
Atmosfer glcli yagisi
Atmosfer ozonu
Atmosfer bosalmasi
Atmosfer sttunu
Atmosfer sas-kiiyl
Atmosfer elementi
Kottrell atmosferlori
Atom

Atomar hidrogen
Buruldanli atom

Totbiq edilon atom
Hidrogena banzar atom
Hayacanlanmis atom
Diamagnit atom
ovazedici atom

lonlasmis atom
Neytral atom
Paramaqnit atom
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ATOM paguoaKTHBHBIN

AToMH3M

ATomuCTHKA

ATOMHUCTHYECKOE CTPOCHHE

AtoMmHas OaTapest

AtomHas bomba

ATOMHAas TUCTICpCHS

AToMHas nons

ATOMHAas eIUHHULIA

ATOMHAas €IMHHUIIA MACCHI

ATOMHAsi MATHUTHAS BOCIPUUMYHBOCTE
AToMHas Macca

ATomHas Macca 1Mo PU3NIECKON IIKaIe
ATOMHAas Macca 1o XUMHYECKOU IIIKaje
AToOMHas Macca 4acTOThI

AToOMHas MOJIeNb

ATtoMmHas opoura

ATOMHast opOHTaNB

ATOMHAs TIOCKOCTh

ATOMHas NOJspU3aLMsL

AToMHas pedpakuus

ATOMHas penieTrka

ATOMHAas CTIEKTpaIbHAsL JIMHUS
AToMHas TeopHst

ATOMHAas TEIUIOEMKOCTh

ATOMHaﬂ TCIJIOEMKOCTb IIPpU TMOCTOSAH-
HOM J1aBJICHUU

ATOMHaﬂ TCIJIOEMKOCTb IIPpU IMOCTOSAH-
HOM 00BEME

ATOMHAast TOpMO3HAasI CIOCOOHOCTh
ATOoMHas Qpu3HKa

ATOMHas SHEpPreTuKa

ATOMHas 3Heprus
AToMHO-a0copOIIMoHHasT CIEeKTpodoTo-
MeTpHus

ATOMHO-a0COPOIIMOHHBIN
CIIEKTPAJIbHBIN aHAIU3
ATOMHO-a0COPOLIOHHBIN
CHEeKTPOohOoTOMETD

ATOMHOE BpalllcHHE

ATOMHOE BpeMs

ATOMHOE ceueHue

ATOMHOE COCTOSTHUE

ATOMHOE 1pO

ATOMHO KO3 PHUIINEHT TOTAPU3ALIUN
ATOMHOM TE€H30p TOJISAPU3AITAH
ATOMHBIE MOZIETTH

ATOMHBIE 9achI

ATOMHBIN Bec

ATOMHBIN TeHEpaTop

ATOMHBIN JBUTATEIH

ATOMHBIN TUIIONb

ATOMHBIN 3apsif

ATOMHBIN K03(p(PHUIIUEHT TOTIIOECHHS
ATOMHBIN KpUCTAILT

ATOMHBIN JTy4

ATOMHBII HOMEP

ATOMHBIN 00BEM

ATOMHBIN OCTaTOK

ATOMHBIN TPOLIEHT

ATOMHBIN ITy4OK

ATOMHBI! paguyc

ATOMHBIN peakTop

Radioactive atom
Atomism

Atomistics

Atomic structure
Atomic battery

Atomic bomb

Atomic dispersion
Atomic fraction

Atomic unit

Atomic mass unit
Atomic magnetic susceptibility
Atomic weight

Physical atomic weight
Chemical atomic weight
Atomic mass frequency
Atomic model

Atomic orbit

Atomic orbital

Atomic plane

Atomic polarization
Atomic refraction
Atomic lattice

Atomic spectral line
Atomic theory

Atomic heat

Atomic heat at constant pressure

Atomic heat at constant volume

Atomic stopping power

Atomic physics

Atomic power engineering

Atomic energy

Atomic absorption spectrophoto-

metry

Atomic absorption spectral
analysis

Atomic absorption
spectrophotometer

Atomic rotation

Atomic time

Atomic cross-section
Atomic state

Atomic nucleus

Atomic polarization coefficient
Atomic polarization tensor
Atomic models

Atomic clock

Atomic weight

Atomic generator

Atomic energy engine
Atomic dipole

Atomic charge

Atomic absorption coefficient
Atomic crystal

Atomic ray

Atomic number

Atomic volume

Atomic remainder

Atomic percent

Atomic beam

Atomic radius

Atomic reactor
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Radioaktiv atom

Atomizm

Atomistika

Atomistik qurulus

Atom batareyasi

Atom bombasi

Atom dispersiyasi

Atom hissaesi

Atom vahidi

Katlenin atom vahidi

Atom magnit nifuzlugu
Atom kitlasi

Fiziki skalada atom kutlesi
Kimyevi skalada atom kutlasi
Tezliyin atom kuitlosi
Atom modeli

Atom orbiti

Atom orbitali

Atom mustavisi

Atom polyarizasiyasi
Atom refraksiyasi

Atom gafasi

Atom spektral xatti

Atom nazeriyyesi

Atom istilik tutumu

Sabit tezyigde atom istilik tutumu

Sabit hacmda atom istilik tutumu

Atom tormozlama qabiliyyati
Atom fizikasi

Atom energetikasi

Atom enerjisi

Atom-absorbsiya spektrofotomet-
riyasi

Atom-absorbsiya spektral analiz

Atom-absorbsiya spektrofotometr

Atom firlanmasi
Atom vaxt

Atom kesiyi

Atomun hali

Atom nlvaesi

Atom polyarlagsma amsali
Atom polyarlagma tenzoru
Atom modelleri
Atom saati

Atom cokisi

Atom generatoru
Atom muharriki
Atom dipolu

Atom yuk

Atom udulma amsali
Atom kristali

Atom suasi

Atom ndmrasi

Atom hacmi

Atom qalid

Atom faizi

Atom destesi

Atom radiusu

Atom reaktoru
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ATOMHBIH ciioi

ATOMHBIN CIIEKTp

ATOMHBII (hakTop
ATOMHBIH (hakTOp paccesiHus
AToM oTHaun

ATOM pemneTku
ATTeHIoaTop

Aynuorpamma

Ayauomerp

Aykcoxpom

AycTeHuszanus

AycTeHUT

AyCTeHHUTHas CTPYKTypa
AyCTEHHUTHOE 3epHO
Aycruna popmyna
AyTookcuanus

Adennii

AdoxkanbHas cucremMa
Adodunnas anredpanyeckas rpyrnmna
AddurHas reomeTpust
Addurnas nuddepeHnnanpHas reoMeT-
pust

Addunnast kpuBH3HA
AddunHAS CBSI3ZHOCTD
AddunHOE OTOOpaAKEHHE
AdodunHOE TpeodpazoBaHue
AddrHHOE TIPOCTPAHCTBO
A OUHHO-KOHTPYIHTHBIH
AdduHHBIE KOOPIUHATHI
Adodunop

Axpomasus

Axpomar

AxpoMaTusm
AxpoMaTtuieckas JIMH3a
AxpomaTudeckas mpuzMa
AXpOMaTHYECKHI IIBET
ALIETUIICHO-KUCIOPOTHOE TUIaMs
AneTtoH

Auuaumerpus
ALMKINYECKUI
AIUKINYECKOE COEIUHEHHE
Absparus

Absporenb

Ansporpadus

AbsporpamMma

Asporpad

AspoauHamuKa

AbdpoJiMHaMUKa pa3psHKeHHBIX Ta30B

AbdpoJIMHaMHKa CBEPX3BYKOBBIX CKOPOC-
Tel

AbsponuHamMuyecKas HHTepepeHIHS
AbdponnHamMmdecKast KpyTKa
AbspoauHamMuuecKas cuia
AbdponnHamMmyecKas Tpyoa
AdponnHamuyeckass Tpyba  OoNbIIKX
CKopocTei

AbdponnHammuyecKkas Tpyba 3aMKHYTOTO
THUIIa

AbdponuHamMuyecKkas Tpyba KpaTKOBpe-
MEHHOI'O JIEUCTBUS

AbdponuHamuyeckas Tpyba Manoi IIioT-

Atomic layer

Atomic spectrum
Atomic factor

Atomic scattering factor
Recoil atom

Lattice atom
Attenuator
Audiogram
Audiometer
Auxochrome
Austenitizing
Austenite

Austenitic structure
Austenitic grain
Austina formula
Autoxidation
Aphelion

Afocal system

Affine algebraic group
Affine geometry
Affine differential geometry

Affine curvature
Affine connection
Affine mapping
Affine transformation
Affine space
Affinely congruent
Affine coordinates
Affinor
Achromasia
Achromat
Achromatism
Achromatic lens
Achromatic prism
Achromatic color
Oxyacetylene flame
Acetone
Acidimetry

Acyclic

Acyclic compound
1) Aeration

2) Aerification
Aerogel
Aerography
Aerogram
Aerograph
Aerodynamics
Rarefied gas dynamics

Supersonic aerodynamics
Aerodynamic interference
Aerodynamic twist
Aerodynamic force

Wind tunnel

High speed wind tunnel
Closed-circuit wind tunnel
Intermittent wind tunnel

Low-density wind tunnel
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Atom tabaqaesi
Atom spektri
Atom faktoru
Sapilmanin atom faktoru
italoma atomu
Qafas atomu
Attenyuator
Audiogram
Audimetr
Auksoxrom
Austenizlomae
Austenit

Austenit qurulusu
Austenit toxumu
Austin dusturu
Autooksidlasdirme
Afeliy

Afokal sistem

Afin cabri qrupu
Afin handeasasi
Afin differensial handesaesi

Afin ayriliyi

Afin rabiteliyi

Afin inikasi (ks etmasi)
Afin cevrilmasi

Afin fozasi
Afin-konqruent

Afin koordinatlari
Afinor

Axromaziya

Axromat

Axromatizm
Axromatik linza
Axromatik prizma
Axromatik reng
Asetilen-oksigen alovu
Aseton

Asidimetriya

Asiklik

Asiklik birlegma
Aerasiya

Aerogel

Aerografiya

Aerogram

Aeroqraf

Aerodinamika

Seyroldilmis gazlarin aerodinami-
kasi

Ses suratinden boylk suratlarin
aerodinamikasi

Aerodinamik interferensiya
Aerodinamik burma

Aerodinamik qlvve

Aerodinamik boru

Boyuk suratli aerodinamik boru

Qapali névll aerodinamik boru
Qisa middatli isloeyan aerodina-

mik boru
Kicik sixligh aerodinamik boru



PYCCKO-AHLJIMNCKO-A3BEPBAMUKAHCKUI ®U3NYECKHAN TEPMUHOJIOTMYECKHUI CJIOBAPH

HOCTH
AbdponnHamMmuyecKas TpyOa MaibIX CKO-
pocreit

AbspoauHamudecKkas TpyOa nepeMeHHOM
TUIOTHOCTH

AbspoauHamudecKkas Tpyoa pasoMKHYTO-
rO THIA

AbspoauHamudecKkas TpyOa c 3aKpBITOH
paboueii 9acThIO

AbdponnHamMmyecKas Tpyda C OTKpPBITOH
paboueii 9acThIO

AbdpoarHaMHYecKasi XapaKTepPUCTHKA
AdpoauHaMHYECKHEe BEChI
AsponnHaAMUYECKUH Harpes
AdponnHaMHYECKUH cref
AsponuHamuyeckuii HoKyc
AdpOJMHAMHUYECKOE KaueCcTBO
AdpOJMHAMHUYECKOE COIPOTHBIICHUE
Adpo3011b

Asponut

Absposnoruueckas kapra
Anpororndeckast 00cepBaTopHs
ABpONOTrHYecKuii aHaH3

Absponorust

Ad’pOMarHuTOMeTp

AspomexaHHKa

AdpoHaBT

AbdpoHaBTHKA

AspoHomus

Abspomian

AdpPOCHUMOK

Aspocrat

AbspocraTuka

AbspocraTudeckas cuia

Aspocdepa

AdpOTEpPMOYTIPYTOCTh
Anspodororpamerpus

Aspoymnpyrocts

Low-speed wind tunnel

Variable-density wind tunnel

Open-circuit wind tunnel
Closed-jet wind tunnel

Open-jet wind tunnel

Aerodynamic characteristics

Aerodynamic balance
Aerodynamic hearting
Aerodynamic wake
Aerodynamic center
Lift-drag ratio
Aerodynamic resistance
Aerosol

Aerolite

Upper-air chart
Aerological observatory
Upper-air analysis
Aerology

Airborne magnetometer
Aeromechanics
Aeronaut

Aeronautics

Aeronomy

Airplane

Aerial photography
Ballon

Aerostatics

Aerostatic force
Aerosphere
Aerothermoelasticity
Aerophotogrametry
Aeroelasticity
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Kigik slretlere hesablanmis aero-
dinamik boru
dayigan sixhiql aerodinamik boru

Aciq novll aerodinamik boru

Qapali isci hissali aerodinamik
boru
Aciq isci hissali aerodinamik boru

Aerodinamik xarakteristika
Aerodinamik terazi
Aerodinamik gizma
Aerodinamik iz
Aerodinamik fokus
Aerodinamik keyfiyyat
Aerodinamik migavimat
Aerozol

Aerolit

Aerologik xarite
Aerologik observatoriya
Aerologik analiz (tehlil)
Aerologiya
Aeromagqgnitometr
Aeromexanika
Aeronavt

Aeronavtika
Aeronomiya

Aeroplan, tayyara
Aerosakil

Aerostat

Aerostatika

Aerostatik quvve
Aeromahit
Aerotermoelastiklik
Aerofotogrametriya
Aeroelastiklik
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