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Paouomexnuueckue u MHd)OKOMMyHMKaLfMOHHbZe cucmembnsl

Veaowcaemvie xonneau !

IIpencraBnsem Bam Tpernit Homep 2014 roma xypHana «Becthuk Ilo-
BOJDKCKOT'O TOCYJIapCTBEHHOTO TEXHOJOrn4ueckoro yHusepcutera. Cepust «Pa-
JTMOTEXHUYECKHE U NHPOKOMM yHUKAIIUOHHBIE CUCTEMBI».

Paznen «TenekoMMyHHKAIMK U PaJIMOTEXHUKA» OTKPBHIBAETCS 0030pHOM
cTaThéil yu€Hpix KazaHCKOro HalMOHAIBHOTO MCCIIE0BATENHCKOTO YHUBEPCH-
tera uM. A.H. Tynonesa. B Heil paccMOTpeHbI 0COOEHHOCTH KBa3UrapMOHHUYE-
CKUX KoJeOaHWH, ompeneseHbl UX OCHOBHBIE OOIUE CBOWCTBA U Pa3IHUHS.
JlaHo oOBsicHEeHHE Psily OCOOEHHOCTEH IOBEJIEHUSI IIYMOB U CMECH CHI'HAJI—
IIYM Ha BBIXO/IE Y3KOIMOJIOCHBIX (DMIIBTPOB U aMIUIMTYAHBIX JIETEKTOpPOB. B
CTaThe aBTOPCKOTO KOJUIEKTUBA [TOBOIKCKOrO rocyJapcTBEHHOTO TEXHOJIOTH-
YEeCKOI'0 YHUBEPCHUTETA MOJydeHa MOJIENb PaoKaHala ¢ aMIUTUTYIHON U (a-
30BOI BTOpOro mopsjaka aucrnepcuei. ccnenoBano BiusHuE (a3oBOM Jwuc-
Mepcuy Ha CKayku (a3oBOH 3a7ep>KKH HpH OBICTPOW CMEHE KaHaja CBS3H, a
Taxke e€ BIMSHUE Ha MapaMeTphbl COIVIACOBAHHOTO C Pa/IMOKAHAIOM UMITYJIbC-
Horo JJIUM-curHasna ¢ npsiMOYTroJIbHOM U rayCCOBON OrHOAIOIINMH.

Paznen «BbruncnurenbHas TeXHUKa U MH()OPMATHKA» HAYMHAETCS C pa-
60Thl yu€HbIX KepyeHCKOro rocyiapCTBEHHOrO MOPCKOTO TEXHOJIOIHYECKOTO
YHUBEpCHUTETA. B Hel aHaMM3UPYIOTCS KOHLENTYalbHbIE TIPOOJIEMbI OpraHn3a-
MK peHTa0eNbHOM TITyOOKOBOIHOM pa3pabOTKU MOJNE3HBIX MCKOMAEMBbIX, 3a-
TPOHYTHI aceKThl (POPMHUPOBAHUS U JOOBIUM MOJIE3HBIX UCKOMAEMbIX Ha MPH-
Mmepe Pecnyonuxu Kpeim. CdopmynupoBana teopemMa o0 ONTUMAaIbHOM Tep-
MUHAJIBHOM YIPABJICHHH TEXHOJIOTHYECKHM IIPOLECCOM TTyOOKOBOJHOW pas-
pabOTKH MOJNE3HBIX UCKOIAeMbIX, MPEICTABICHBI €€ CIEACTBUS U UMHUTAIMOH-
Hasl MOJIeNb, & TaKKe pa3pabOTaHHBIE NMPOrPAMMHBIE KOMILUIEKCHI. Y YEHBIMU
[I'TY paccMOTpeHbl HEOOXOAMMBIE IJIsl IIOCTPOSHUSI HEPEISIMOHHBIX 0a3
JTAHHBIX METOABI U MOJENH TOJUIEP)KKH CCHUIOYHOW LEIOCTHOCTU NpH 00pa-
00TKe OONBIIMX 00BEMOB CIIA0OCTPYKTYPHPOBAHHBIX JaHHBIX. Pasnen 3aBep-
LIaeT CTaThsl, MPEICTABISIONIas Pe3yIbTaThl MPUMEHEHUS! TEOPHU paclio3Ha-
BaHMS OOpa30B B 3ajaye OIpEJCICHUs HOMEPHBIX 3HAKOB JBHKYIIHXCS
TPaHCIIOPTHBIX cpencTB. [Ipemnoken MOIEpHU3UPOBAHHBIN aITOPUTM CErMEH-
TalMM OTAENBHBIX CHMBOJIOB HOMEPHOTO 3HaKa C HCIIOJIb30BaHUEM MeEToJla
KOHTYPHOI'O aHaJIH3a.

B pa3spene «OnekTpoHuKay IpeicTaBieH 0030p paboT, XapaKTepu3yro-
IIMX CTPYKTYpPbI TUNIEHOK M BO3HUKAIOMIMX B HUX HAHOPAa3MEPHBIX MOIYIPO-
BOJHHMKOBBIX 00pa3oBaHMM, O00JANAIOIIUX HAHOONTHYECKUMH CBOWCTBAMH.
PaccMoTpeHb! HOBbIE METOABI MONYYEHUS! TOHKUX (PYHKIMOHAIBHBIX IIEHOK
CO CTa0WJIbHBIMU NapaMeTpaMy IPHU MarHETPOHHOM paciiblieHuu. [IpuBoasT-
Csl TEXHOJIOTUYECKHE PEKUMBI HAHECEHUS! TAKUX IUIEHOK, METOIBI KOHTPOJIS
KPHUCTAJUIMYECKOH CTPYKTYPbl M METOJbI IOBBIIIEHUS MX KauecTBa 3a CYET
MOJICTIMPOBAHMSI TEXHOJIOTHYECKHX MapamerpoB. IIpencraBieHbl xapakTepu-
CTHKH KBAaHTOPAa3MEPHBIX IOIYNPOBOIHUKOBBIX CTPYKTYpP, BO3SHUKAIOIIUE Ha
AJIEKTPOHAX, JIOKAJIIM30BAaHHBIX HAa MOBEPXHOCTHBIX JAe(eKTax BOJOKOHHO-
KPHUCTAJUIMUECKON CTPYKTyphl. O000IIal0TCS pe3yabTaThl UCCIIEAOBAHUM OIl-
THUYECKHX CBOMCTB KBaHTOPa3MEPHBIX CTPYKTYp, MOITYYEHHBIX HOBBIM METO-
JIOM Ha OCHOBE (eMTOCeKYHIHOro (hoToHHOrO 3Xa. [IpuBOAATCS MpEITOKEHUS
TI0 UCIIOJIb30BAHHIO HOBBIX PE3YJIbTATOB IPH pa3padOTKe TEXHOJIOTHIA MoTyde-
HUSI IEPCIIEKTUBHBIX HAHORJIEKTPOHHBIX MPUOOPOB.

B 3akirountensHOM pasziene mpencraBieHa HHpopMalms o0 HTorax pa-
6otel XXIV Bceepoccuiickoii koHdpepeniun «PacnpocrpaneHune pajnoBOiIH»,
npoBeAEHHOM Ha 0a3ze MHcTHuTyTa comHeuno-3eMuoit ¢puzukn CO PAH (MC3D
CO PAH), r. Upkyrck.

YBaxaeMble KOJUICTH, HAJAEEMCs, YTO CTAaThH, MMyOJHUKyEeMbIC B 3TOM HO-
mepe, Bac 3auntepecoBanu. [Ipuckinaiite Bamm craThl ¢ pe3ynbratamMu HO-
BBIX TCOPETHYECKUX U IKCIICPUMEHTATIBHBIX UCCIICIOBAHUI.

Ipogheccop Hamanvsi Pabosa
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TEJEKOMMYHUKAILIUU U PAIMOTEXHUKA

YIK 621.37

K TEOPUU KBASUTAPMOHMNYECKHUX KOJIEBAHUN
I. H. Unvun, A. I'. Hnvun, O. I'. Mopo3zoe

Kasanckuit HalmoHaNBHBIN UCCIen0BaTeNbCKUM TexHuueckuil yausepcurer M. A.H. Tynonesa-KAU,
Poccuiickas ®enepanust, 420111, Kazans, yn. K. Mapkca, 10
E-mail: reku@kai.ru

Paccmampusaromes ocobeHHOCmU K8A3U2apMOHUYECKUX KOIeOAHULL C Yelbl0 OnpeOeileHUst Ux
OCHOBHBIX 0OWUX CEOUCME U PAZIUYULL, 68 MOM YUCTE UCCACOVIOMCS eOUHCMEO U OCODEHHOCMU UX
CMPYKmyp ¢ Y4émom npagomepHocmu npumerenus npeobpasosanus I'unbbepma no ocubarowetl,
BO3MONCHOCIU 83AUMHO20 NPEOOPAZ08AHUSL OOHO20 MUNA KOACOAHUL 6 OPY2Oll Npu UCNONb306a-
HUU CREYUATbHO2O AMIAUMYOHO-(hA306020 Npeobpaz06anus ¢ Kommymayuei @asvl, a maxoice
0COOEHHOCTU NOBEOCHUsL UX YACHOMHO-6PEMEHHOU CIMPYKIMYPbl NPU NOIULAPMOHUYECKUX Deaiu-
sayusx. C yuémom NoIyueHHbIX pe3yibmamos U KOppeauposanHoCcmy meopuu KeasueapmoHuie-
CKUX KOJMeOanull u meopuu Y3KONOJLOCHBIX UYMO8 OAHO 00bsCHeHUe psidy 0cobeHHocmell nosede-
HUSL WYMO8 U CMeCU CUSHAI—UWYM HA 8bIX00e Y3KONOAOCHBIX (DULbMPOS U AMIIUMYOHbIX OeMmeK-
MOpOo8, 6 MOM HUCLe NPeOCMABIEHbL AHANU3 UX TMOHKOU CIPYKMYPbl NPU Npuéme 1 nPoX0HCOeHUU
yepes Y3KONOAOCHbIE PUILMPBL, A MAKIHCE 0COOCHHOCIMU USMEHEHUsL UX CNEKMPAIbHbIX XapaKme-
PUCMUK, onpedeisieMble NePeKIoUeHUeM Pasvl GbICOKOUACMOMHOU COCMAGNAWell HaA T npu ne-
pexode ozubaiowell wepes Hyb.

Knwoueesvle cnosa: paduomexnuxa;, meopusi K6A3USAPMOHUYECKUX KOJIeOaHUtl;, cmpyKkmypa
K8A3U2APMOHUYECKUX KOACOAHUL, aMNiumyOoHO-MOOVIUPOBAHHBIL CUSHATL, YACMUYHO NOO0ABTEH-
Hasi Hecywjasl, CueHal OueHull, amnaumyoHo-@azosoe npeobpazosanue; meopusi y3KONOIOCHbIX
ULYMOB, CIPYKIYPA Y3KONOJOCHBIX ULYMOS, Y3KONOJIOCHbLIL (PUIbmp, amMnaumyOuslll 0emexmop.

Pabora BhImoTHeHA NMpU (PMHAHCOBOIH moaaep:kke MuHHcTepcTBa o0pa3oBaHuss M Hayku Poccuii-
ckoii Penepanuy B paMKax rocyAapcTBEHHOI0 3a/JaHAs HA OKa3aHHMe ycIyr (BBINOJHeHHe padoT) mo op-
TAaHN3A0UM HAYYHBIX MCCJIEJOBAHUMH, BBLINOJHAeMbIX Ka3aHCKHM HAaIlMOHATBHBIM MCCJIEA0BATENbCKUM
TeXHUYECKHMM YHMBEPCHTETOM Ha Kadeape paamodJ1eKTPOHHBIX M KBAHTOBBLIX YCTPOICTB, Kajeape pa-
A0 OTOHMKH M MUKPOBOJTHOBBIX TeXHoJ0ruii 1 B HayuHo-Hcc/Ie10BaTeIbCKOM HHCTUTYTE NPHKIATHON
3JIeKTPOIMHAMUKH, ()OTOHNKH M JKHBBIX cucTeM (MporpaMmsbl «Pa3Butue» n «@OTOHHKAY).
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ABSTRACT

Introduction. Quasi-harmonic oscillations are widely used in the practice of radio-technical
systems. Their feature is the ratio between the spectrum width and carrier oscillation frequency. In
the first place, these are the following signals: amplitude-modulated signals, including signals
with partially or fully suppressed carrier,; beat signals, representing the superposition of harmonic
oscillations, located in a narrow band of frequencies,; narrow-band noises at the output of the re-
ceiving and amplifying devices with a narrow pass band. The theory of quasi-harmonic oscillations
and narrow-band noise was mainly developed in the 60s of the last century. Recently some of its
aspects have been clarified in terms of structuring the types of signals, clear definition of their
common properties and the separation of private ones, that is of great importance both for the sci-
ence and practice. Purpose. In this paper we attempt to systematize the clarified aspects of the
quasi-harmonic oscillations and narrow-band noise theory. The singularities of quasi-harmonic
oscillations are considered in this paper in order to determine their basic common properties and
differences. The unity and contradiction of their structures are investigated taking into account the
correctness of the use of the Hilbert transform on the envelope. The possibility of mutual transfor-
mation of one mode to another one when using special amplitude-phase conversion with phase
commutation, the features of their time-and-frequency structure behavior in poly-harmonic im-
plementations are investigated as well. Conclusion. Taking into account the received results and
the correlation of the quasi-harmonic oscillations theory and the theory of narrowband noise, sev-
eral characteristics of noisebehavior and the signal and noise mixture at the output of narrowband
filters and amplitude detectors are explained. The analysis of their fine structure during the recep-
tion and passage through narrow-band filters, as well as the regularities of the change of their
spectral characteristics determined by phase switching of a high-frequency component to p during
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the transition of the envelope through zero are presented.
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IONOSPHERIC HIGH-FREQUENCY RADIO CHANNEL MODEL
FOR THE CALCULATION OF INFLUENCE EFFECTS OF AMPLITUDE
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ABSTRACT

Introduction. Radio communication in a short-wave band by means of the reflection of the
Earth’s ionosphere has some advantages, but at the same time it has drawbacks, connected with insuf-
ficiently high signal-to-noise ratio and signal fading: slow deep signal fading is for middle - latitude
communication lines and fast signal fading is for low-latitude and high-latitude communication lines.
Moreover, for modern systems of short-wave communication, fading in a radio channel is often fre-
quency-selective. However, short-wave communication is developing. The achievement of the recent
few years is the considerable increase in the information transmission rate with high reliability. One
of the directions of further development of short-wave communication is the considerable (up to 0,5 —
1 MHz) expansion of a transmitted signal band, that allows increasing transmission velocity, signal-
to-noise ratio and confidentiality. The main obstacle to it is the effect of the frequency dispersion of
ionospheric plasma, expressing in different phase velocity of the propagation of spectral components
of a wideband signal and leading to dispersive distortions of its envelope. For the development of this
direction, it’s necessary to improve radio channel models, carry out research, including the research
into distortion characteristics by means of modeling. The problems of parameters of a LFM-signal,
matched to the radio channel are very important. For this signal, the medium plays the role of the de-
lay line, efficiently compressing it and the estimation of phase delay jumps at fast channel change. The
purpose of the work is the construction of a dispersive ionospheric channel model and the research on
the influence of phase dispersion of the second order on phase delay jumps at fast channel change and
on the parameters of the pulse LFM-signal with rectangular and Gaussian envelopes, matched to it.
Research objectives: to develop an ionospheric short-wave radio channel model, considering fre-
quency dispersion; to find out the connection between channel dispersion parameters and propagation
medium characteristics; to investigate the frequency dispersion of the second order at discontinuous
channel change; to investigate dispersive distortions of Gaussian and rectangular LFM pulse enve-
lopes; to investigate dispersive distortions of a Gaussian LFM-pulse, compressed in time domain, in
the receiver. Results. The model of a radio channel with frequency, amplitude and phase dispersion of
the second order was developed. The algorithm of the use of MPQ-approximation for calculating the
phase dispersion of radio channel characteristic and the key parameter of the dispersion of the second
order is presented. The research, based on this model, showed that because of the effect of the phase
dispersion of the second order: discontinuity of signal phase delay appears at discontinuous change
of a partial radio channel; there’s an opportunity of the synthesis of a LFM-signal, matched to the
channel. Formulas for calculating Gaussian LFM-pulse distortion at different values of the parameter
of the phase dispersion of the second order are received. It is shown that, because of signal compres-
sion in the receiver, its distortion degree can increase.

The work was carried out with the financial support from RFBR: projects Ne 13-07-00371-a; 13-02-
00524-a; 13-07-97041; state order of the Ministry of Education and Science of the Russian Federation
Ne 3.2695.2014/K, Ne 8.2697.2014/K.
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ABSTRACT

Introduction. On the Black Sea Shelf, five gas and three gas condensate fields were explored,
as well as on the Azov Sea Shelf six gas fields were discovered. It became necessary to develop prof-
itable highly productive technological methods, as well as to evaluate the equipment for metal min-
ing of strategic importance in the World Ocean. Purpose. The problems of the optimization of the
profitability of technological processes of deep seabed mining (TP DSBM) are considered. On its ba-
sis, indicators for assessing the effectiveness of management of DSBM are reflected on condition that
terms «cost-efficiency» and «profitability» are synonyms. Structural detailing is expressed in terms
of extremum co-ordinates as a TP DSBM optimization criterion, in the aspect of the reference value
of price and profit in the structure of the optimization of the tracking mode of TP DSBM termination
control. TP DSBM optimization criterion is chosen in the form of the objective function where
weighting coefficients are identified by a tuple to the normalization condition. Results. It was proved,
that necessary optimization conditions of the tracking mode of TP DSBM termination control can be
presented in the form of the theorem of TP DSBM optimal termination control. In view of the above,
problem solving examples are presented. As an analysis tool, modeling environment Simulink was
used which includes function generators, adders, multipliers, divisors and others, implementing a to-
tal of 16 operations) that together with Matlab allows implementing DSBM modeling. Block 1 forms
a signal, proportional to the difference,; block 2 is the differentiator unit, block 3 is the function gen-
erator, its aim is to form the output signal according to the input signal. Primary devices of the mod-
el are supplemented with power supplies and the control block. Conclusion. As a result of the re-
search and the analysis, a mean-square optimization criterion was chosen, where the coordinates of
the deviation of real values from reference ones are subject to the normalization condition. The theo-
rem of TP DSBM optimal termination control was formulated. The equation of the optimization of
TP DSBM tracking mode was received and solved.
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Obpabomka 6016uUX 00BEMOE CIONCHOU, HEOOHOPOOHOU UHGOPMAYUU SETemCs AKIMYalb-
HOU 3a0ayell 0l pa3IUYHbIX NPUKAAOHBIX UHDOPMAYUOHHBIX CUCMEM, CUCHEM MYIbmuMeoud,
akcnepmuwlx cucmem. Ileped paspabomuuxamu 6cmaém 6onpoc vlbopa chocoba Xpanenust OaH-
HbIX, CHOCODCMBYIOUe20 GbINOIHEHUIO ONEPayUil HAO OAHHBIMU, 3AT0NCEHHLIMU 8 NPOMOMUN NPO-
2PaMMHO20 obecneuenus. Yuém cemanmuueckux ceolicms umeem 60boe 3HAYeHUe npU 6blOOpe
Mooenu oannvix. Dopmanusayus SMux c8oUCME 8 MOOeU OAHHBIX 0Aém MOUHYIO CNeyUGUKaAYuo
onepayuti, KOMopbie MONCHO 8bINOIHAMb HAO OAHHBIMU @ CUCTHEMAX YRPAGieHUs 6a3amu OaHHbIX
(CYB]). 3anosicennas cemanmuka no3eoisem co30amv OCHO8Y Deanu3ayuu MeXaHusmos noo-
0epoIcKU YeroCMHOCMU OaHHbIX U 0ZPAHUYEHUL NPU 00pabomKe U Xpanenuu ciabocmpyKmypupo-

BAHHBIX OAHHBIX OONLUUUX 0OBEMOS.
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ABSTRACT

Introduction. Semantic information is highly significant when we work with large amounts
of semistructured information. Filling the database with semantic information allows guaran-
teeing not only a better understanding of stored information, but also integrity constraints
playing an important role in work with big data. Purpose and objectives. Data models and the
methods of referential integrity support when processing large amounts of semistructured data
with the purpose of using them in nonrelational databases are considered. Referential integrity
support in databases. Referential integrity plays an important role when we work with semis-
tructured data. Referential integrity assists in understanding connections between objects and
prevents the creation of objects that have no meaning without the context. For the support of
referential integrity on foreign keys, several strategies during the operations of data deletion
and updating are used. The data model creates semantic relationships, that is displays not only
static relationships between objects, but also their behavior and constraints. Constraints, im-
posed at the level of the data model, guarantee the implementation of business-rules, specified
by the user, for several application programs, which can refer to the common database. Results
of using the referential integrity in document-centric databases. The extension of database se-
mantics because of the complex heterogeneous structure of database documents by means of the
transfer of the display of model links in data domain is suggested. As a basis of the extension of
the semantics of document-centric database links, we have the fact that connections in relational
and object-oriented DBMS are not separately stored database objects, they are implemented in
terms of primary and foreign keys. Unlike data models, described above, the possibility of the
storage of several links at one document level is described, that is established at the level of da-
tabase structure. Conclusion. The extension of the semantics of the document-centric database
is suggested, that allows implementing database referential integrity support due to recording of
the quantity of linked documents. Metainformation storage allows avoiding searching through
all database documents for the answer to the problem.
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TPAHCIHOPTHBIX CPEJACTB METOAOM KOHTYPHOI'O AHAJIM3A

X. 3. Paxmanoe
IToBomKCKuUit TOCYIapCTBEHHBIN TEXHOJOTUYECKUI YHUBEPCUTET,
Poccuiickas ®enepanus, 424000, ﬁomkap-Ona, 1. Jlennna, 3
E-mail: code@volgatech.net

Cmambsi nocesiena peueHuro aKkmyaibHoU HAYYHOU 3a0adl, Cé3aHHOL ¢ paspabomKkou ai-
20pUMMO8 PACHO3HABANHUSL HOMEPHBIX 3HAKO8 MPAHCHOPIMHBIX CPEOCH8 HA OCHO8E KOHMYPHO2O

anaausa.
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ABSTRACT

Introduction. In recent years, the development of intelligence transport systems in which
there is a subsystem of vehicle license plate automatic recognition is paid much attention. Due to
the diversity of environmental conditions, in which systems of vehicle license plate automatic
recognition have to work, methods, used when creating them, can differ considerably. The purpose
of the work is the development of vehicle license plate localization algorithms, segmentation and
recognition of certain characters of a license plate, based on the loop analysis. In the article, the
algorithm of vehicle license plate localization is described, based on the dual-threshold detector of
license plate borders with the following matched filtering of rectangular edge contours. For the
contour formation, a Rosenfeld algorithm is used. At the output of the Rozenfeld algorithm, the
contour of the extracted object was formed, representing the vector of complex numbers. The de-
gree of the proximity of two contours is determined by the maximum value of report modules of a
normalized, cyclic, cross-correlation function between these contours. The procedure of equaliza-
tion was carried out so as to get the possibility of comparing contours of different length. The pro-
cedure of equalization can be done by means of linear interpolation or extrapolation separately in
a real or imaginary part of the contour, previously represented in a total code with the consequent
inverse transformation into the differential code. For relating the current character contour to one
of the classes, it’s necessary to calculate maximum values of report modules of a normalized, cy-
clic, cross-correlation function between current and reference contours, representing the con-
tours of all recognized characters and choose the maximum value among them. The reference con-
tour, where the maximum response of the normalized, cyclic, cross-correlation function are maxi-
mum, will determine the class of the current contour. Conclusion. The author suggests the mod-
ernized algorithm of the segmentation of certain characters of a license plate based on finding the
routes with minimum weight in the vertical direction. The cost of the route is determined as the
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difference sum of the intensity of adjacent pixels along the whole route.
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HOBBIE IOAXOAbI HOJIYYEHUA MATEPUAJIOB
HAHOJ3JIEKTPOHUKU MATHETPOHHBIM PACIIBIVIEHUEM
C UCHHOJIB30BAHUEM METOJ0B KOHTPOJIAA UX CTPYKTYPbI

U OIITUYECKUX CBOUCTB
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Hannvti 0630p noceswjaemcst HOGbIM Memodam 8 00ecnedeHun CMAOUIbHbIX Napamempos
MOHKUX (DYHKYUOHATLHBIX NIAEHOK, COCMAGISIIOWUX OCHOBY ONPedeléHHO20 KIACCa MAmepuanos
HAHOINEKMPOHUKY, NOJIYHAEMbIX MEMOOOM MASHEMPOHHO20 pacnvlienus. [Ipusodsmes mexHonoau-
YeCKUe PeNCUMbl  HAHECEHUs] MOHKUX NIEHOK Memooom BY macnemponnozo pacnwinenus. [aémes
Xapakmepucmuxa CmpyKmypbl ROTYHAEMbIX WIEHOK U GOZHUKAIOWUX 6 Hell HAHOPA3MEPHbIX NOY-
NPOBOOHUKOBLIX 00pazosanull, obradarowux Hanoonmudeckumu ceovcmeamu. Coobwaemcs o
NPAKMUYECKU SHAYUMBIX MEMOOax KOHMPOJS KPUCTNALIUYECKOU CINPYKMYPbl IMUX NIEHOK U Memo-
0e NOBbIUEHUSL €€ KaueCcmed 3a CYEMm MOOCTUPOSAHUST MEXHONOSUNECKUX NAPAMEMPO8 C UCNONb306d-
HUuemM pe3yibmamos KOHmpOIs. Xapakmepuzylomcs KeaHmMopazMepHvle NOAYHPOGOOHUKOGbIE
CMPYKMYpbl, O3HUKAIOUUE HA INEKMPOHAX, JOKATUZ0EAHHBIX HA NOBEPXHOCTIHBIX OeheKmax 6010-
KOHHO-Kpucmamiuyeckou cmpykmypul niénox. Coobuaemesi o pe3yivmamax uccie008anui onmii-
YECKUX CEOLUCME IMUX KEAHMOPASMEPHLIX CHPYKIYD, NOMYUEHHBIX HOBbIM MEMOOOM, C ROMOULIO
emmocexynonoeo pomonno2o sxa. IIpusooumcs npaKmuyecKkas 3HAUUMOCHb NOIYYEHHbIX HAYY-

HbIX pe3yibmanos npu paspabome mexHon02Uull NOwYy4eHUs: HAHOIIeKMPOHHBIX NPUOOPOE.

Knrouegwle cnosa: mamepuanvl HAHOINEKIMPOHUKU; THOHKUE NAEHKU, MASHEMPOHHOE PAChbl-
Jenue; hoMoHHOE X0, PeHM2eHOOUDPAKYUOHHBILL AHANU3, 30HO08USI MUKPOCKONUSL.

Pabora mongep:xkana rpantoM PODU Nel2-02-00736a m I'ocymapcTBeHHBIM 3aJaHHEM BBICIIHM

yueOnbiM 3aBeqenusim, HUP NeS (Ne2014/82).
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Introduction. A magnetron sputtering method is one of the most widespread methods of get-
ting thin-film nano-dimensional structures, applied for the creation of nanoelectronic devices. De-
fect sizes of these structures are within limits of 10 nm. Electrons are connected with defects and
they are localized on them, forming the exciton transition system. This review describes the inves-
tigations of the creation of the methods of the control and formation of the crystal film nanostruc-
ture, their optical property finding and possible applications. The purpose of the work is to show
the possibility of getting nano-dimensional film structures of function coverage with set-up param-
eters by means of the magnetron sputtering method that is considered to be the most suitable
method, used in practice. The problems, solved during the work, include: the method of the mod-
eling of film coverage future parameters, acceptable for production conditions, control methods of
thin film parameters, such as crystallinity, microhardness, bulk structure, the control of parame-
ters of surface defects, determining the characteristics of quanto-limited structures and film prop-
erties , connected with the possibility of optical information processing. 1. Thin film structure con-
trol methods. For determining the structure of received thin films in their production conditions, it
is suggested to measure microhardness and the structure of film transverse cleavage, including the
medium size of crystallite fibers, the ratio of crystal and amorphous phases, the medium slope an-
gle of a crystallite longitudinal axis. In reality, registered film crystallinity deviation can be com-
pensated for the change of controlled process-dependent parameters. By the certain algorithm, the
correction value of the corresponding controlled parameter is determined. 2. Control methods of
nanofilm optical properties. The semiconductor structure can have lattice defects. A semiconduc-
tor with defects can be characterized as the structure with quantum wells. As quantum wells have
specific properties, registered by optical methods, the photon echo is one of the possible methods
of semiconductor film parameter determination. The photon echo is the optical coherent response
of the resonant medium to the influence of two or more short and power laser pulses, scattered in
time. Defects can have the considerable influence on observed photon echo properties. The more
their linear dimensions are, the less exciton localization is, the faster there was photon echo de-
crease because of strong exciton-photon interaction. New methods of optical angular spectroscopy
and methods of quantum beats are suggested. Through the registration of quantum beats it’s pos-
sible to calculate energy difference between defects, having the nearest oscillator strength. Judg-
ing by this difference, one can estimate the parameters spread of the surface defects of crystallites
in produced films, intended for nanoelectronic device creation. Conclusion. Modern approaches
to getting materials for nanoelectronics, based on the magnetron sputtering method are prospec-
tive. Meanwhile, the accuracy and stability of film parameter reproduction are provided due to
controlled process-dependent parameters, used in process planning and results of film crystallinity
control, acceptable to production conditions. The control of film optical properties based on pho-
ton echo allows estimating the character of surface defects and their informativity.

The work is supported by the grant from RFBR Ne12-02-00736a and the State task for higher educa-
tional institutions, SRW Ne5 (Ne2014/82).

35



Becmuux HII'TY. 2014. Ne3(22)

ISSN 2306-2819

REFERENCES

1. Kuzmichev A. 1. Magnetronnye raspylitel 'nye
sistemy. Kn. 1. Vvedenie v fiziku i tekhniku magne-
tronnogo raspyleniya [Magnetron Sputtering Systems.
B. 1 Introduction to Physics and Technology of Mag-
netron Sputtering]. Kiev: Avers, 2008. 244 p.

2. Berlin E.V., Dvinin S.A., Seidman L.A. Vaku-
umnaya tekhnologiya i oborudovanie dlya naneseniya
i travleniya tonkikh plenok [Vacuum Technology and
Equipment for Applying and Etching Thin Films].
Moscow: «Tekhnosfera», 2007. 167 p.

3. Bessolov Ju. V., Zhilyaev V.N., Konenkova
E.V. et al. Nitrid alyuminiya na kremnii: rol'
promezhutochnogo SiC sloya i tekhnologii khloridnoy
gazofaznoy epitaksii [Aluminium Nitride on Silicon:
the Role of the Intermediate SiC Layer and Chloride
Gas-phase Epitaxy Technology]. Pis'ma v ZhTF [Let-
ters to the Journal of Applied Physics]. 2010. Vol. 36,
Ne 11. Pp. 17-24.

4. Kribalis S., Tsakiridis P.E., Dedeloudisa C.,
Hristoforou E. Structural and electrical characteriza-
tion of barium strontium titanate films prepared by
sol-gel technique on brass (CuZn) substrate. Journal
of optoelectronics and advanced materials. 2006.
Vol. 8, No. 4. Pp. 1475 — 1478.

5. Wodesks-Dus B., Lisinska-Czekaj A., Orkisz T.
et al. The sol-gel synthesis of barium strontium titanate
ceramics. Materials Science-Poland. 2007. Vol. 25,
No. 3. Pp. 791-799.

6. Morita M., Uesugi N., Isogai S. et al. Epitax-
ially growth of aluminum nitride on sapphire using
mtalorganic chemical vapor deposition. Jpn. Journal
Applied Physics. 1981. Vol. 20, No. 1. Pp. 17-23.

7. Dryburgh P.M. Factors affecting the growth
of aluminum nitride layers on sapphire by the reaction
of nitrogen with aluminum marosrlinide. J. Crystal
growth. 1989. Vol. 94, No. 1. Pp. 23-33.

8. Zhukov V.V., Krivobokov V.P., Yanin S.N.
Raspylenie misheni pri assistirovanii magnetronnogo
razryada ionnym puchkom [Target Dispersion at Ion
Beam Assistance of Magnetron Discharge]. Izvestiya
Tomskogo politekhnicheskogo universiteta [The News
of Tomsk Polytechnic University]. 2004. Vol. 307,
Ne 7. Pp. 40-45.

9. Arakelova E. R., Hachataryan A.M., Av-
dzhyan K.E., Kteyan A.A. Optimizatsiya protsessa
magnetronnogo osazhdeniya dlya formirovaniya
kachestvennykh, orientirovannykh plenok ZnO [Op-
timization of the Magnetron Deposition Process for
Forming Qualitative, Oriented Films ZnO]. Izvestiya
NAN Armenii, Fizika [The News of the National
Academy of Sciences of Armenia, Physics]. 2012.
Vol. 47, Ne 4. Pp. 277-287.

10.Barker A., Crowther S., Rees D. Room-
temperature r.f. magnetron sputtered ZnO for electro-
mechanical devices. Sensors and Actuators A: Physi-
cal. 1997. Vol. 58, No. 3, Pp. 229-235.

36

11. Shiosaki T. Yamamoto T., Oda T. et. al. Low
temperature growth of piezoelectric AIN for surface
and bulk wave transducers by RF reactive planar
magnetron sputtering. Proc. IEEE International Ultra-
sonics Symposium Proceedings. Dresden, Germany,
1980. Pp. 2146-2149.

12.Kodayashi K., Namba S., Fujiahana T. Re-
crystallization of AINx (x<1) thin films induced by N
implantation. Applied Physics Letters. 1988. Vol. 53,
No. 3. Pp. 185-186.

13. Lieske N., Hezel R. Formation of Al-nitride
films at room temperature by nitrogen ion implanta-
tion into aluminum. Journal of Applied Physics. 1981.
Vol. 52, No. 9. Pp. 5806-5810.

14. Tansley T.L., Egan R.J., Horrigan E.C. Prop-
erties of sputtered nitride semiconductors. Thin solid
films. 1988. Vol. 164. Pp. 441-448.

15.0Ohuchi F.S., P.E. Russell. AIN thin films
with controlled crystallographic orientation and their
microstructure. J. Vac. Sci. Technol. 1987. Vol. 5,
No. 4. Pp. 1630-1634.

16. Belyanin A.F., Panfilov Ju.V., Samoilo-
vich M.I. Poluchenie plenok AIN (Obzor) [AIN Film
Production (Review)]. Materialy 7 Mezhdunarodnogo
simpoziuma «Tonkie plenki v elektronike» [Proceed-
ings of the 7th International Symposium «Thin Films
in Electronics»]; edited by A. F. Belyanin, Yoshkar-
Ola: MARSTU, 1996. Pp. 112-167.

17. Dvoesherstov M. Ju., Cherednik V.I., Be-
lyaev A.V. Geteroepitaksial'nye struktury AIN/AI203
i GaN/AI203 dlya akustoelektronnykh SVCh ustroistv
[Heteroepitaxal Structures AIN/AI203 and
GaN/AI203 for Acousto-Electronic Microwave De-
vices]. Sovremennye naukoemkie tekhnologii [Modern
High-end Technologies]. 2010. Ne 9. Pp. 24-30.

18. Gerova E.V., Ivanov N.A., Kirov K.I. Depo-
sition of thin films by magnetron reactive sputtering.
Thin solid films. 1981. Vol. 81, No. 3. Pp. 201-206.

19. Gnevushev V.A., Mochalov B.F., Mocha-
lov A.A. Stabilizatsiya magnetronnogo raspylitel'nogo
ustroystva [Stabilization of Magnetron Atomizing Spray-
ers]. Elektronika [Electronics]. 1983. Ne 1. Pp. 25-29.

20. Felmetsger V.V., Laptev P.N., Tanner S.M.
Crystal Orientation and Stress in AC Reactively Sput-
tered AIN Films on Mo Electrodes for Electro-
Acoustic Devices. Proc. IEEE International Ultrason-
ics Symposium Proceedings. Dresden, Germany,
2008. Pp. 2146-2149.

21.Bray K.R., Wu R.L.C., Weimer J. et. al.
Aluminum oxynitride dielectrics for high power, wide
temperature capacitor applications. CARTS. USA,
Orlando, 2006. Pp. 161-171.

22. Mochalov B. F., Razryadov S.V., Fom-
in A.A. et al. Svoistva plenok nitrida alyuminiya,
poluchennykh metodom reaktivnogo ispareniya al-
yuminiya v atmosfere ammiaka [Aluminium Nitride



ISSN 2306-2819

Paouomexnuueckue u MHd)OKOMMyHMKaMMOHHbZe cucmembnsl

Film Properties, Received by the Method of Reactive
Evaporation of Aluminium in Ammonia Atmosphere].
Fizicheskie osnovy mikroelekroniki: Sbornik statey
[Physical Basics of Microelectronics: proceedings]. —
Moscow: « Vysshaya shkola », 1979. Pp. 73-76.

23. Vispute R.D., Narayan J., Wu H. Epitaxially
growth of AIN thin film on silicon (111) substrates by
pulsed laser deposition . J. Appl. Phys. 1995. Vol. 77,
No. 9. Pp. 4724-4728.

24. Belyanin A.F., Samoilovich M.I., Ko-
valsky K. A. et al. Nanostrukturirovannye plenki AIN i
ZnO v elektronnoy tekhnike [Nanostructered Films
AIN and ZnO in Electronic Engineering]. Nauka i
tekhnologii v promyshlennosti [Science and Technol-
ogies in Industry]. 2005. Ne 2. Pp. 46—57.

25. Vashurin N.S., Popov LI, Putilin S. E. et al.
Femtosekundnoe fotonnoe ekho na neodnorodnykh po
razmeru kvantovykh tochkakh oksida tsinka pri kom-
natnoy temperature [Femtosecond Photon Echo on
Heterogeneous in Size, Quantum Dots of Zinc Oxide
at the Room-temperature]. Nauchno-tekhnicheskiy
vestnik informatsionnykh tekhnologiy, mekhaniki i
optiki [Scientific and Technical Bulletin of Infor-
mation Technologies, Mechanics and Optics]. 2013.
Ne 1. Pp. 65-69.

26. Brudny V.N. Voevodin V.G., Grinyaev S.N.
Glubokie urovni sobstvennykh tochechnykh defektov
i priroda «anomal'nogo» opticheskogo pogloshcheniya
v ZnGeP2 [Deep Levels of Intrinsic Point Defects and
the Nature of «Anomalous» Optical Absorption in
ZnGeP2y)]. Fizika tverdogo tela [Solid State Science].
2006. Vol. 48, Nel1. Pp. 1949-1961.

27. Gerasimenko Ju.V., Maksimenko A. A., Sal-
tykov S. N. et al. Sintez tonkikh plenok CulnSe2
magnetronnym raspyleniem i ikh svoistva [CulnSe2
Thin Films Synthesis by Magnetron Sputtering and
their Properties]. Kondensirovannye sredy i mezh-
faznye granitsy [Condensed Mediums and Interphase
Borders]. Vol. 12. Ne 4. Pp. 355-359.

28. Alferov Zh. 1., Aseev A. L., Gaponov S. V.
et al. Nanomaterialy i nanotekhnologii [Nanomaterials
and Nanotechnologies]. Mikrosistemnaya tekhnika
[Microsystemic Technique]. 2003. Ne 8. Pp. 3-13.

29. Hapachev Ju. P., Chuhovsky F.N. Defor-
matsii 1 napryazheniya v mnogosloynykh epi-
taksial'nykh kristallicheskikh strukturakh. Rentgenodi-
fraktsionnye metody ikh opredeleniya [Deformations
and Stress in Multilayer Epitaxial Crystal Structures.
X-ray Diffraction methods and their Determination].
Kristallografiya [Crystallography]. 1989. Vol. 34.
Ne 3. Pp. 776-800.

30. Drozdov Ju. N. Rentgenovskaya difraktomet-
riya epitaksial'nykh geterostruktur s bol'shim rasso-
glasovaniem periodov reshetok [X-ray Diffractometry
of Epitaxial Heterostructures with Large Mismatch of
Lattice Periods]. Izvestija rossiyskoy akademii nauk.
Seriya fizicheskaya [News of the RAS: physical se-
ries]. 2005. Vol. 69, Ne 2. Pp. 264-268.

31. Afanasyev A. M., Aleksandrov A.M., Chuev
M.A., Imamov R.M. et al. Issledovanie mnog-
osloinykh struktur na osnove sloev GaAs-InGaAs
metodom dvukhkristalnoy rentgenovskoy difrak-
tometrii [Investigation of Multilayer Structures based
on the GaAsInGaAs Layers by Double-crystal X-ray
Diffractometry Method]. Kristallografiya [Crystallog-
raphy]. 1997. Vol. 42, Ne3. Pp. 514-523.

32. Ustinov V. M. Tekhnologiya polucheniya i
vozmozhnosti upravleniya kharakteristikami struktur s
kvantovymi tochkami [Production Technology and the
Possibilities of the Control of Characteristics of Struc-
tures with Quantum Dots]. Fizika i tekhnika po-
luprovodnikov [Physics and technology of semicon-
ductors]. 2004. Vol. 38, Ne 8. Pp. 963-970.

33.Kegel 1., Metzger T. H., Lorke A. et. al. De-
termination of strain fields and composition of self-
organized quantum dots using x-ray diffraction. Phys-
ical Review B. 2001. Vol.63, No.035318. Pp. 1-13.

34. Kuznetsov G.F. Rentgenodifraktometrich-
eskaya identifikatsiya i izmerenie uprugoy deformatsii
i tolshhiny monokristallicheskikh sloev v epi-
taksial'nykh sistemakh ZnSe/(001)GaAs, ZnSe/ZnSel -
xSx/ZnSe/(001)GaAs [X-ray Diffraction Identification
and Measurement of Elastic Deformation and Mono-
crystalline Layer Thickness in Epitaxial Systems
ZnSe/(001)GaAs, ZnSe/ZnSel-xSx/ZnSe(001)GaAs].
Kristallografiya [Crystallography]. 1995. Vol.40,
Ne5. Pp. 936-939.

35.Chen Y.C., Bhattacharya P.K. Determination
of critical layer thickness and strain tensor in InxGal-
xAs/GaAs quantum-well structures by x-ray diffrac-
tion. Journal of Applied Physics. 1993. Vol. 73,
No. 11. Pp. 7389-7394.

36.De Caro L., Giannini C., Tapfer L. Determi-
nation of the lattice strain and chemical composition
of semiconductor heterostructures by high-resolution
x-ray diffraction. Journal of Applied Physics. 1996.
Vol. 79, No. 8. Pp. 4101-4110.

37. Drozdov Ju. N., Daniltsev V.M., Gaponova
D.M. et al. Mnogosloinye periodicheskie struktury
GaAsN-InGaAs, soglasovannye po periodu s GaAs
[Multilayer Periodic Structures GaAsN-InGaAs, Peri-
od Matched with GaAs]. Izvestiva RAN. Seriya fizi-
cheskaya [News of the RAS: physical series]. 2004.
Vol. 68, Ne 1. Pp.75-77.

38. Drozdov Ju. N., Akhsakhalyan A.A., Akh-
sakhalyan A. D. et al. Parabolicheskoe mnogosloinoe
zerkalo dlya difraktometra DRON-4 [Parabolic
Multilayer Mirror for a Diffractometer DRON-4].
Poverkhnost'. RSNI [Surface. UNN]. 2005. Ne 5.
Pp. 33-37.

39. Baranov A.M., Kondrashov P.E., Smir-
nov I.S. "In situ x-ray reflectivity for thin -film depo-
sition monitoring and control. Solid State Technolo-
gy. 1999. No. 5. Pp. 53-58.

40. Kozhevnikov I., Peverini L., Ziegler E. Exact
determination of the phase in time-resolved X-ray

37



Becmuux HII'TY. 2014. Ne3(22)

ISSN 2306-2819

reflectometry. Optics express. 2008. Vol. 16, No. 1.
Pp. 144-149.

41. Bouen D. K., Tanner B.K. Vysokorazresha-
Jjushchaya rentgenovskaya difraktometria i topografi-
ya [High-resolution X-ray Diffraction and Topogra-
phy]. SPb.: Nauka, 2002. 274 p.

42. Grabov V. M., Demidov E.V., Koma-
rov V.A. Atomno-silovaya mikroskopiya poverkhnosti
kristallov i plenok vismuta [Atomic-force Microscopy

of Bismuth Crystal and Film Surface]. Termo-
elektrichestvo  [Thermoelectricity].  2009. Ne 1.
Pp .42-47.

43. Menshikov E.A., Bolshakova A.V., Yamin-
sky I.V. Analiz struktury plenok blok-sopolimerov
metodom atomno-silovoy mikroskopii [The Analysis
of Block-copolymer Film Structure by the Atomic-
force Microscopy Method]. Vestnik Moskovskogo uni-
versiteta. Seriya 3. Fizika. Astronomiya [Bulletin of
Moscow University. Series 3. Physics. Astronomy].
2009. Ne 2. Pp. 58-63.

44. Mironov V.L. Osnovy skanirujushchey
zondovoy mikroskopii [Basics of Scanning Probe Mi-
croscopy]. Nizhny Novgorod, 2004. 114 p.

45. Shtansky D.V. Prosvechivayushchaya el-
ektronnaya mikroskopiya vysokogo razresheniya v
nanotekhnologicheskikh issledovaniyakh [Transmis-
sion Electron Microscopy of High Resolution in Nan-
otechnological Research].  Rossiyskiy khimicheskiy
zhurnal (Zhurnal Rossiyskogo khimicheskogo ob-
shchestva im. D. I. Mendeleeva) [Russian Chemical
Journal (Journal of the Russian Chemical Society,
named after D. I. Mendeleev)]. 2002. Vol. XLVI,
Ne 5. Pp. 81-89.

46. Zharkov S.M. Metody sovremennoy
prosvechivayushchey elektronnoy mikroskopii v is-
sledovanii materialov [Methods of Modern Transmis-
sion Electron Microscopy in Material Research].
Zhurnal sibirskogo federalnogo universiteta. Khimiya
[Journal of Siberian Federal University. Chemistry].
2009. Ne 4. Pp. 294-306.

47. Zhang X.-F., Zhang Z. Progress in Transmis-
sion Electron Microscopy — 1 (Concepts and Technol-
ogies). Springer-Verlag, Berlin, 2001. 367 p.

48. Zhang X.-F, Zhang Z. Progress in Transmis-
sion Electron Microscopy — 2 (Applications in Materi-
als Science). Springer-Verlag, Berlin, 2001. 309 p.

49. Odintsov M. A., Sushentsov N.I. Osobennosti
vnutrennego stroeniya plenok AIN, vyrashchennykh
metodom magnetronnogo raspyleniya [Features of the
Internal Structure of AIN Films, Grown by the Mag-
netron Sputtering Method]. Voprosy atomnoy nauki i
tekhniki. Ser.: Yaderno-fizicheskie issledovaniya
[Problems of Nuclear Science and Engineering. Ser.
Nuclear Physics Research]. 1989. Ne 2. Pp. 58-62.

50. Barvinok V.A. Upravienie napryazhennym
sostoyaniem i svoistva plazmennykh pokrytiy [Stress
State Control and Plasma Coating Properties]. Moscow:
Mashinostroenie [Machine Construction].1990. 384 p.

38

51. Nalimov V.V., Chernova N.A. Statisticheskie
metody planirovaniya ekstremal'nykh eksperimentov
[Statistical Methods of Extremal Experiment Plan-
ning]. Moscow: Nauka. 1965. 275 p.

52. Sushentsov N. 1., Moroz A.V., Stepanov S.A.
et al. Tekhnologicheskie metody formirovaniya
tonkikh plenok [Technological Methods of Thin Film
Forming)]. Izvestiya rossiyskoy akademii nauk. Seriya
fizicheskaya [News of the RAS: physical series].
2014. Vol. 78, Ne 3. Pp. 313-315.

53. Moroz A.V., Popov LI., Stepanov S.A., Su-
shentsov N.I. Metodika kontrolya otkloneniya stepeni
kristallichnosti plenok nitrida alyuminiya ot trebuemogo
tekhnologicheskim tsiklom znacheniya i ustroistvo up-
ravleniya na ee osnove [The Method of The Control of
Nitride Aluminium Film Crystallinity Deviation from the
Required by the Technological Cycle Value and the Con-
trol Device on its Basis]. Materialy Devyatoy mezhdu-
narodnoy nauchnoy shkoly «Nauka i innovatsii-2014»
ISS «SI-2014» [Proceedings of the 9™ International Sci-
entific School «Science and Innovations-2014» ISS «SI-
2014»]; edited by N.M. Kuznetsov, L.I. Popov, V.A. Ko-
zlov, V.V. Samartsev. Yoshkar-Ola: Volga State Univer-
sity of Technology, 2014. Pp. 127-136.

54. Moroz A. V. Sistema kontrolya kristallich-
eskogo stroeniya plenok nitride alyuminiya v
protsesse ikh polucheniya [The Control System of the
Crystalline Structure of Nitride Aluminium Films in
their Production Process]. Vestnik Povolzhskogo
gosudarstvennogo tekhnologicheskogo universiteta.
Seriya: Radiotekhnicheskie i infokommunikatsionnye
sistemy [Vestnik of Volga State University of Tech-
nology. Series: Radio Engineering and Infocommuni-
cation Systems]. 2013. Ne 2. Pp. 88-97.

55. Dedov A. N., Kudryavtsev T. L., Mo-
roz A. V. et al. Metodika lokal’nogo issledovanoya
poverkhnosti po dvym proektsiyam [The Method of
the Local Research of the Surface by Two Projec-
tions]. Trudy 10-y NPK «Sovremennye infor-
matsionnye i elektronnye tekhnologii» [Proceedings
of the 10th Scientific Practical Conference «Modern
Information and Electronic Technologies»]. Odessa:
«Politekhperiodika», 2009. P. 107.

56. Furman Ya. A., Peredreev A. K., Kre-
vetsky A.V. et al. Vvedenie v konturnyy analiz i ego
prilozheniya k obrabotke izobrazheniy i signalov [In-
troduction to Contour Analysis and its Image and Sig-
nal Processing Application]; edited by Ya. A. Furman.
Moscow: Fizmatlit, 2002. 588 p.: il.

57. Furman Ya, A., Hafizov D. G. Metody i
sredstva obrabotki kompleksnoznachnykh i giperk-
ompleksnykh signalov. Kompyuterizirovannyy
kurs:uchebnoe posobie [Methods and Means of Com-
plex Valued and Hypercomplex Signal Processing.
Computer-aided Course: Tutorial]. Yoshkar-Ola: Mari
State Technical University, 2011. 388 p.

58. Gutkin M. Yu, Ovidko I. A. Defektnye
Struktury na vnutrennikh granitsakh razdela v



ISSN 2306-2819

Paouomexnuueckue u MHd)OKOMMyHMKaMMOHHbZe cucmemanl

nanokristallicheskikh i polikristallicheskikh plenkakh
[Defect Structures on the Inner Boundaries of the Sec-
tion in Nanocrystalline and Polycrystalline Films]
Materials, Physics and Mechanics. 2009. Ne 8.
Pp. 108-148.

59. Sizov D. S., Maksimov M. V., Tsatsulni-
kovA. F. et al. Vliyanie usloviy na isparenie
defektnykh oblastey v strukturakh s kvantovymi
tochkami InGaAs v matritse GaAs [Influence of An-
nealing Conditions on the Evaporation of Defect Are-
as in Structures with Quantum Dots InGaAs in a Ma-
trix GaAs]. Fizika i tekhnika poluprovodnikov [Phys-
ics and Engineering of semiconductors]. 2002.
Vol. 36, Ne. 9. Pp. 1097-1104.

60. Shteiman E. A., Vdovin V. 1., Izotov A. N. et
al. Fotolyuminestsentsiya i strukturnye defekty sloev
kremniya, implantirovannykh ionami zheleza [Photo-
luminescence and Structural Defects of Silicon Layers
Implanted by Iron lons]. Fizika tverdogo tela [Solid
State Physics]. 2004. Vol. 46, Ne 1. Pp. 26-30.

61. Podkopaev O. I., Shimansky A. F., Mol-
otkovskaya N.O., Kulakovskaya T. V. Vliyanie
mikrostruktury na eliktricheskie svoistva osobo chis-
togo germaniya [The Influence of the Microstructure
on Pumpau Highly Purified Germanium Electrical
Properties]. Fizika tverdogo tela [Solid State Physics].
2013. Vol. 55, Issue 5. Pp. 872-875.

62. Kardona Yu. P. Osnovy fiziki poluprovodni-
kov [Funamentals of Semiconductor Physics]. Trans-
lation from English 1. I Reshina; edited by
B. P. Zakharcheni. The third edition. Moscow: FIZ-
MATLIT, 2002. 560 p.

63.Tiong K.K., Amirtharaj P.M., Pollak F.H.,,
Aspnes D.E. Effects of As+ ion implantation on the Ra-
man spectra of GaAs: Spatial correlation interpretation.
Applied Physics Letters. 1984. Vol. 44. Pp. 122-144.

64.Pogrebnjak  A.D., Jamil N.Y., Muham-
med A.K.M. Structural and optical properties of ZnO
prepared by CVD before and after annealing. Metallofiz.
Noveishie Tekhnol. 2011. Vol. 33. Pp. 235-241.

65.De Merchant J., Cocivera M. Preparation and
doping of zinc oxide using spray pyrolysis. Chemistry
of Materials. 1995. Vol. 7, No. 9. Pp. 1742-1749.

66.Subramanyam T., Srinivasulunaido B.,
Uthanna S. Optimisation of ZnO:Al films by change
of sputter gas pressure for solar cell application. Crys-
tal Research and Technology. 1999. Vol. 34, Nel.
Pp. 981-988.

67.Robbins J.J., Alexander R.T., Bai M. et al.
Development of tin oxide syn-thesis by plasma-
enhanced chemical vapor deposition. Journal of Vac-
uum Science & Technology.2001. Vol 4., No. 1.
Pp. 2762-2766.

68.Saito M. Antibacterial, Deod on Zing, and
UV absorbing materials obtained with zinc oxid
(ZnO) coated fabrics. J. Indust. Text. 1993. Vol.473,
No. 23. Pp. 150-155.

69. Matare H.F. Carrier transport at grain bound-
aries in semiconductors. Journal of Applied Physics.
1984. Vol. 56, No. 10. Pp. 2605-2631.

70. Polop C., Mora-Sero 1., Munuera C. et al. Twin
coarsening in CdTe (111) films grown on GaAs(100).
Acta Materialia. 2006. Vol. 54. Pp. 4285-4291.

71. Belyavsky V. 1. Eksitony v nizkorazmernykh
sistemakh [Excitons in Low-dimensional Systems].
Sorosovskiy Obrazovatel'nyy Zhurnal [Soros Educa-
tional Journal]. 1997. Ne 5. Pp. 93-99.

72. Kopvillem U. Kh., Nagibarov V. R. Svetovoe
echo v paramagnitnykh kristallakh [Photon Echo in
Paramagnetic Crystals]. PMM. 1963. Vol.15, Ne 2.
Pp. 313-316.

73.Kurnit N.A., Abella I.D., Hartmann S.R. Ob-
servationofphotonechoes.  Physical Review Letters.
1964. Vol. 6, No. 19. Pp. 567-570.

74.Patel C.K.N. Slusher R.E. Photon echoes in
gases. Physical Review Letters. 1968. Vol.20, No. 20.
Pp. 1087-1089

75. Kopvillem U. Kh. Nagibarov V. R., Pirozh-
kov V. A. Svetovoe echo v rubine [Photon Echo in a
Ruby]. Fizika tverdogo tela [Solid State Physics].
1972. Vol. 14, Ne 6. Pp. 1794-1795.

76. Manykin E. A., Samartsev V. V. Optich-
eskaya  echo-spektroskopiya [Optical  Echo-
spectroscopy]. Moscow: Nauka, 1984. 270 p.

77. Popov 1. 1., Vashurin N. S., Stepanov S. A.,
Sushchentsov N. I. Fotonnoe ekho kak metod issledo-
vaniya vzaimodeistviya moshchnykh femtosekund-
nykh impul’sov s poluprovodnikovymi plenkami
nanorazmernoy tolshchiny [Photon Echo as the Re-
search Method of the Interaction of Power Femto-
second Pulses with Semiconductor Films of Nanodi-
mensional Thickness]. Izvestija rossiyskoy akademii
nauk. Seriya fizicheskaya [News of the RAS: physical
series]. 2014. Vol. 78, Ne 3. Pp. 309-312.

78. Vavilov V. S., Kiselev B. F., Mukashev B. N.
Defekty v kremnii i na ego poverkhnosti [Defects in Sili-
con and on its Surface]. Moscow: Nauka, 1990. —216 p.

79. Zuikov V. A., Kalachev A. A., Samart-
sev V. V. et al. Prostranstvenno-spektral’nye za-
konomernosti fotonnogo ekha [Spatial Spectral Laws
of Photon Echo]. Optika i spektroskopiya [Optics and
spectroscop]. 1998. Vol. 84, Ne 5. Pp. 786-788.

80. Elyutin S. O., Maimistov A. 1. Effekty foton-
nogo ekha i opticheskikh nutatsiy v sisteme dvuel-
ektronnykh kvantovykh tochek [Effects of Photon
Echo and Optical Nutations in a Two-electron Quan-
tum Dot System]. Opticheskiy zhurnal: Nauch.-tekhn.
zhurn. [Optical journal: Scient.-tech. journal]. 2008.
Vol. 75, Ne 10. Pp. 13-20.

81. Astapenko V. A. Polyarizatsionnye effekty v
izluchatel’'nykh protsessakh [Polarization Effects in
Emitting Processes]. Stereotype publ. Moscow: Edito-
rial URSS, 2013. 176 p.

82. Popov, I. I. Vashurin N. S., Putilin S. E. et al.

39



Becmuux HII'TY. 2014. Ne3(22)

ISSN 2306-2819

Fotonnoe echo v odnosloinykh i trekhsloinoy po-
luprovodnikovykh plenkakh razlichnoy nanora-
zmernoy tolshchiny i issledovanie ikh svoistv [Photon
Echo in One-layer and Three-layer Semiconductor
Films of Different Nanodimensional Thickness and
the Research of their Properties]. Izvestija rossiyskoy
akademii nauk. Seriya fizicheskaya [News of the RAS:
physical series]. 2014. Vol. 78, Ne 2. Pp. 229-232.

86. Popov I. 1., Leukhin A. N. Fizicheskie
printsipy postroeniya opticheskogo echo-protsessora
dlya vypolneniya operatsiy s kvaternionami [Physical
Principles of the Construction of the Optical Echo-
processor for Performing Operations with Quaterni-
ons]. Izvestija rossiyskoy akademii nauk. Seriya fizi-
cheskaya [News of the RAS: physical series]. 2004.
Vol. 68, Ne 9. Pp. 1305-1307.

The article was received 18.08.14.

Citation for an article: Popov I. 1., Vashurin N. S., Moroz A. V., Stepanov S. A., Sushentsov N. I.,
Rozhentsov A. A., Evdokimov A. O. New approaches to getting nanoelectronics materials by means of magne-
tron sputtering using control methods of their structure and optical properties. Vestnik of Volga State University
of Technology. Ser.: Radio Engineering and Infocommunication Systems. 2014. No 3 (22). Pp. 74-96.

Information about the authors

POPOV Ivan Ivanovich — Doctor of Physics and Mathematics, Professor of the Chair of Radio
Equipment Engineering and Production at Volga State University of Technology. The sphere of sci-
entific interests is optical studies of the interaction between light and substance. The author of more
than 400 publications. E-mail: popov@volgatech.net

VASHURIN Nikita Sergeevich — a post graduate student at Volga State University of Tech-
nology. The sphere of scientific interests is nonlinear optics, coherent interaction. The author of 21

publications. E-mail: nickita vashurin@mail.ru

MOROZ Andrey Viktorovich — a postgraduate student at Volga State University of Technolo-
gy. The sphere of scientific interests is the control of the parameters of thin films, their formation
by magnetron sputtering and the research on the interconnection of film properties with operating
practices. The author of 20 publications. E-mail: morozandrey2405@mail.ru

STEPANOV Sergey Aleksandrovich — a postgraduate student at Mari State University. The
sphere of scientific interests is the technology of thin film production for micro- and nanoelectron-
ics; the structure of thin films; the equipment for thin film creation. The author of 17 publications.

E-mail: stepan_mail@mail.ru

SUSHENTSOV Nikolay Ivanovich — Candidate of Engineering Sciences, Associate Professor,
the Head of the Chair of Radio Equipment Engineering and Production at Volga State University
of Technology. The sphere of scientific interests is vacuum methods of thin film forming, scanning
probe microscopy. The author of more than 140 publications. E-mail: sni@mari-el.ru

ROZHENTSOV Alexey Arkadyevich — Doctor of Engineering Sciences, Associate Professor, the
Head of the Chair of Medical and Biological System Engineering at Volga State University of Tech-
nology. The sphere of scientific interests is the digital processing of images and signals, image
recognition and processing, astroorientation systems. The author of more than 70 publications, the
coauthor of 3 monographs and the author of tutorials. E-mail: RozhencovA A@volgatech.net

EVDOKIMOV Aleksey Olegovich — Candidate of Engineering Sciences, Associate Professor
of the Chair of Medical and Biological System Engineering at Volga State University of Technol-
ogy. The sphere of scientific interests is radar images, pattern recognition, scene analysis, con-
tours, optimal algorithm synthesis, filtering, artificial intelligence, complex signals. The author of
more than 54 publications. E-mail: EvdokimovAO@volgatech.net

40



ISSN 2306-2819

Paouomexnuueckue u MH¢0KOMMyHMKaL[MOHHble cucmembnsl

HOBHMHKHU TEXHUKHA U TEXHOJIOT UTA.
OBb30Pbl. KOH®EPEHIINU. BA’KHBIE JIATbI

YK 550.388

A. B. 3yes

YUYEHBIE OBOJIKCKOI'O TOCYJIAPCTBEHHOI'O
TEXHOJIOTMYECKOI'O YHUBEPCUTETA HA BCEPOCCHUMCKOM
KOH®EPEHIIUU «PACITPOCTPAHEHUE PA/IUOBOJIH»

IIposedén 0630p npoweouteni Beepoccuiickoul kongepenyuu «Pacnpocmpanenue paouogosnimy.
Ommeuensl Op2aHu3amopsl KOHGepeHyul, CRUCOK CeKYUl.

Kntouesvte cnosa: xongepenyusi; op2anu3amopbul; y4acnmHuxu.

C 29 uroHs 1o 5 UIOJIA NPOPEKTOP 0 HAYYHOH pa-
0ore W wWHHOBaNMOHHON naesTenpHocTH III'TY, wieH
Hayunoro coera PAH [Imurtpuii Bnagumuposuu lBa-
HOB M 3aM. JIeKaHa PaJIMOTEXHHYECKOro (haKyibTeTra Mo
Hay4yHO#l pabore Anekceil BanepreBuu 3yeB NpuHsIU
yuactue B pabore XXIV Beepoccuiickoll Hay4HOU KOH-
¢epenn  «PacnpocTpaHeHHe paIyoOBONIHY», MPOXO/MB-
mei B r. Hpkyrcke Ha 0Oaze MHcturyra conHeuHO-
3emHol (u3ukun Cubupckoro otaeneHus Poccuiickoit
akagemuu Hayk [1]. Bcerpewa yu€HbIX Oblia MOCBsIIEHA
100-neturo co JHA POXKIEHHS BBIAAIOIIErocs Y4EHOro,
npodeccopa Banepus Muxaiinosuya [lonsikosa.

- ‘;leu‘ OV
LU

© 3ye A. B., 2014.

C stum uHCcTUTyTOM III'TY B TEUeHHE MHOTUX JIET
CBSI3BIBAET TECHOE HAyYHOE COTPYIHHMYECTBO, CO3/1aHA
COBMECTHasl HaydHas J1abopaTopusi, B KOTOpOH IPOBO-
JIATCST  HWCCIEAOBaHUs,  HopaepxuBacmble  PODU
u MunoOpuaayku P®. Kondepenuus no pacmnpocTtpaHe-
HHIO PaJIOBOJH IIPOBOIKUTCS pa3 B TPH rofa U o0bemu-
HSE€T Y4€HBIX BENyIIMX HAYYHBIX IIKOJI CTPaHbL.

B Hell MpUHUMAIOT y4acTHe MPEACTABUTENN OpraHu3a-
Ui, 3aHAMAONIMXCSA (U3MYECKHMMHU TpodieMamMu pa-
JTUOCBSI3H, PAJUONIOKAIIMA M PaJOHABUraUK. J[BaX bl
9Ta KOH(EpeHIHs MPOBOAUIACH B T. ﬁomkap—One Ha
0aze [II'TY.

PR3BHTHE IXCNEPUUORTANMMOR TEXHININ o
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Opranmzaropamu XXIV Bcepoccuiickoil HayuHOM
koH(epenuuy Obutn: Hayunsiit coer PAH «Pacnpoctpa-
HeHue paanoBosiH», Hayunslii coer OOH PAH «®usuka
COJIHEYHO-36MHBIX CBsi3€il», IHCTUTYT COIHEUYHO-3€MHOM
¢muku CO PAH (MC3® CO PAH), Uuctutyr paauo-
TEXHUKH M 3J1eKkTpoHukdn uM. B.A.KorenbHukoBa PAH
(UPD PAH), MocKoBCKU#l (PU3UKO-TEXHHYECKUA HHCTHU-
TyT (rocymapctBeHHblil yHusepcurer) (MOTH, Mocksa),
Poccuiickuit HoBbli yHuBepcuter (PocHOY, Mocksa),
Wpkyrckuil rocynapctBensslii ynusepcuter (UI'Y, Hp-
KyTck). Kondepenmus cocrosiack npu yd4acTuu U IOA-
nepkke: Poceniickoil akanemun Hayk (PAH), Munucrep-
cTBa 0Opa3zoBanus U Hayku PP, Poccuiickoro Gponna dys-
JlaMeHTaJbHbIX uccienoBanuii (PODH), HanmonansHoro
komutera URSI, Poccuiickoit cexiuu IEEE, O0benuneH-
Horo ¢u3udeckoro odectsa PO.

Ha xondepenuuu npo3sydanu 6omnee 250 foknanos
BEAYLIMX YUEHBIX U3 pa3HbIX roponoB Poccun. Heckomnb-
KO JOKJIQJIOB OBLIN ITOCBSIICHBI H3YYCHHIO (BH3MYCCKUX
po0sieM, CBSI3aHHBIX ¢ MajeHueM YenssOMHCKOro MeTeo-
pura B despane 2013 roma. OTKpBIBaI KOH(EPEHIHIO
coBetHuk PAH, akanemuk ['enuit Anexcanaposuu XKe-
pebuoB. OH pacckaszall 0 JKU3HU M JESITEIbHOCTU TPO-
(eccopa B.M. Ilonsikosa.

Ot HayuHo# mikonsl [II'TY ¢ nieHapHBIM 10KIa10M
00 OCHOBHBIX pe3y/bTaTax UCCIEJOBAHUMN, IPOBOJUMBIX B
III'TY, BhICTYIUI NPOPEKTOp IO HAay4dHOH paboTe U WH-
HOBAaIIMOHHOH JiesitenbHocTH, podeccop M. B. MBaHOB; ¢
JIOK/IalaMH Ha CEKLMsAX BBICTymuaI aoueHT A. B.3yes.
Taxxe nokn1anpl Ha KOH(EPEHIMIO MPEICTaBWIN IPEro-
JlaBaTeNd M COTPYAHUKH Kadenp BEICHICH MaTeMAaTHKH U
panuorexuuku U csi3u III'TY: mpod. B.A. VBaHoB, npod.
H.B. Psa6oBa, non. M.W. bacrpakosa, nou. B.B. IlaBnos,
nou. M.U. Ps6osa, nou. A.A. YepHos, nou. H.H. Muxee-
Ba, cT. npein. A.A. Encykos.

Ha xondepenuuu Bce noKnaapl ObuUlN NpeacTaBie-
HBI B ICBATH CeKIMsx[2]:

1. PacnpocTtpaneHue paJuoBOJIH U AUCTAHIIMOHHOE
30HMPOBAHUE BEpXHEH aTtMocdepbl MU KOCMHUYECKOTO
IIPOCTPAHCTBA.

2. PacnpocTpaHeHue  pajuoBOIH  METPOBOIO-
CYyOMIJIZTMIMETPOBOTO JJMAIIa30HOB B Tporochepe u ypba-
HU3UPOBAHHBIX CpPEIax.

3. PactipocTpaHeHne ONTHYECKHX BOJIH B aTMoche-
PE U Ja3epHOE 30HAUPOBAHHE IPUPOIHBIX CPELL.

4. PacnipocTpaHeHHE KHJIOMETPOBBIX H
JUTHHHBIX PaJAOBOIH.

5. PacmipocTpanenne paavoBOIH M HEJIMHEWHBIE
a¢dexTsl B HoHOChEpE.

6. @uznueckue NpPoOIEMBbl paJUONIOKALMK M pa-
JTMOCBSI3H.

7. JlucTaHIMOHHOE 30HAMPOBAHHE aTMOC(EPH U
3€MHBIX TOKPOBOB, PaJIMOMETEOPOJIOTHSL.

8. MaremaTHuyeckoe MOAENUpPOBaHUE MpodiieM
AJIEKTPOAVHAMMKH U PACIIPOCTPAHEHUS PaIMOBOJIH.

9. Paguoreneckonsl — anmnaparypa, METOIbl U pe-
3yJIbTaThl HAOJIOICHUIA.

B mnporpamme KoH(eEpeHIHH COCTOSIICS KOHKYpC
MOJOMBIX Y4€HBIX. [10 ero uroram ObUTH BPYYCHBI rpa-
MOTBI U LIeHHbIE ITpu3bI [3].

B pamxax xoHdepeHIuM ObLIO MPOBEICHO 3acena-
Hue Hayunoro coBera PAH mno pacnpoctpaneHuto paauo-
BOJIH U BbIE3HbIE CEKLIMHU Ha o3epe baiikan u B oOcepra-
topusix IC3® CO PAH. B yactHOoCTH, B X0/1e KOH(EpEH-
UM YYACTHUKH MTOCETHIIM YHUKATBHBIC HAYIHbIC 00BEKTHI
Poccun: Crubupckuil conHeyHsli paJuoTeIecKol, NpeaHa-
3HAYCHHBIN JUTSl M3YYCHHS CONHEYHOW aKTUBHOCTU B MHK-
POBOJIHOBOM Juana3oHe u MpKyTckuii paap HEKOrepeHT-
HOT'O paccesHusl paIMOBOJIH, HCIIOJIB3YEMbIH U1l H3Mepe-
HUSI TApaMETPOB HOHOC(HEPHOM MIa3MBI.

oonee
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A. V. Zuev

SCIENTISTS OF VOLGA STATE UNIVERSITY OF TECHNOLOGY AT ALL-RUSSIAN
CONFERENCE «PROPAGATION OF RADIO WAVES»

The review of All-Russian conference «Propagation of radio waves» was carried out in the work.
The organizers of the conference and the lectures list were noted.

Key words: conference, organizers, participants.
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NHO®OPMAIUA IS ABTOPOB

Penakuus xypHana «BectHux IToBOIDKCKOro rocyapCTBEHHOIO TEXHOIOMMYECKOTO YHHBEPCHTETa» MPHHUMAET K ITyO-
JIMKAaLUH CTaTbH, COOTBETCTBYIOLINE NPOQUIIIO H3aHKs, 00beMOM He Oonee 15 cTpaHuLl, BKIOYAst PUCYHKH.

Crarbs 10JIKHA COIIEPKATh TOINBKO OPUIMHAIBHBIH MaTepyall, OTPAKAIOLINH Pe3y/IbTaThl 3aBEPLICHHBIX HCCIICIOBAHUI
aBTOpA, paHee He IyOIIMKOBaBILHMXCS.

K neuaru npuHUMaroTCs MaTepuasibl, KOTOpbIE HE OITyOJIMKOBAaHbI U HE TIEpeianbl B Apyrue pegakuuu. Pykormcu npoxo-
JUIT 00513aTeNbHOE pelieH3upoBaHue. B «BecTHHKE .. .» e4aTaroTCst TOJIKO CTAaTbH, HOMYYHBIINE TIOJ0KUTEIIbHbIC PELICH3HN.

OTKIIOHEHHBIE B PE3yNbTaTe PELICH3UPOBAHUS MaTEpUaiIbl BO3BPAILAIOTCSA B OHOM IK3EMIUIApE (C NPUIOKEHHEM KO-
IIMU PELICH3HN).

TpeGoBaHus K OPUTHHAJIAM NPEJ0CTABJIsAEMbIX paboT

Cmpykmypa nayunoti cmamvu

1. Ansortamms (3—4 npeaioKeHuns).

2. Kirouessle citoBa mwin ciioBocoderanusi (He 6oiee 10) oTaesstoTest Apyr OT Ipyra TOUYKOH C 3aIsIToM.

3. BBenenue (OlEHKA COCTOSHUSI BOIPOCA, OCHOBAHHAsl Ha 0030pe JIMTEpaTyphl C MOTHBAIMEH aKTYyaJbHOCTH; BBISB-
JICHHOE IIPOTHBOpPEUHE, NO3BOJIAOIIEe CHOPMYINPOBATE IPOOIEMHYIO CHTYALMIO).

4. Llenb paboTHI, HaIIpaBJIEHHAs Ha IIPEOJIONIEHHE TIPOOJIeMHOM cuTyanuu (1-2 npeiokeHus).

5. PemaeMsle 3a/1aun, HaNpaBJICHHbIE HA JOCTI)KCHUE LISITH.

6. MaremaTu4eckoe, aHAIMTHIECKOE WII HHOE MOJICITMPOBAHUE.

7. TexHuKa SKCHEpHMEHTa U METOUKa 00paOOTKH UIIM U3JIOKEHHUE HHBIX TIOMY4CHHBIX PE3yJIbTaTOB.

8. MHTeprperanus pe3ynbTaToB WM UX aHAIIM3.

9. BeiBOgIBI, OTpaXaroNue HOBU3HY IOJYYEHHBIX PE3YJIbTaTOB, IOKa3bIBAIONIMX, YTO IIeNb, IIOCTaBIECHHAs B paboTe,
JIOCTUTHYTA.

Tpebosanus k oghopmnenuio cmamou

Crarbst TOJDKHA OBITH IPEJOCTaBIIeHA B AIEKTPOHHOM BHJE M KOMITHIOTEPHOI pactieyaTke (2 9K3.) Ha Oymare ¢opmara
A4. Hlpudt Times New Roman, pa3mep mpudra 12 nr, MeXCTpOUHbIA HHTepBal oguHapHbIi. [Toms: BHYTpu — 2 cM, BepXHee,
HIDKHEE, CHApY>KH — 3 M (3epKaJIbHBIE 1011 ), a03aIHbIH OTCTYI epBoit crpoky Ha 0,75 cMm.

Ha niepBoii ctpanmie crateu cieBa nedaraercst YK (pasmep mpudra 10 r, npsmoid, cBeTiblii) 6e3 or-cryna. Hazpanue
CTaThM NedYaTaeTcs MO0 LeHTpYy (pa3mep wpudTa 14 0T, npsMoi, NOMyKUPHBIH, nponucHoi). Hiwke, o UeHTpy — HHULMATIBL,
(bamunus aBropa (pasmep mpudra 12 nr, Kypcus, nomyxupHsiit). ITocie Gpamu-nnii aBTopoB ykasbiBatoTcs Mecta pabOThI: Hep-
Basi CTPOKa — Ha3BaHKE OpraHM3alliy, BTOPasi CTPOKA — IOYTOBKIN afpec (pa3mep mpudra 10 mr, mpsmoii). [Tocne agpecos yka-
3bIBAETCS NEKTPOHHBIH apec KOHTAKTHOrO aBTOpA.

Jlanee pa3Memaercst aHHOTauus (BbIpaBHUBAHME 110 LIMpHHE, pasmep wpudra 10 T, KypcuBs, OTCTYH CiIeBa U crpasa 1
cM). AHanornyHo o(OpMIISIOTCS KIIFoUeBble cioBa. KiroueBble ClIOBa CTAaThbM MPENOCTABIISAIOTCS HA PYCCKOM M aHITIMHCKOM
si3pIKax. Tarke HeoOXOUMO IPEIOCTaBUTh ABTOPCKOE Pe3l0Me CTaThbH Ha PYCCKOM M aHTJIMKCKOM si3bIkax (He MeHee 250-300
CJIOB).

®@opMyJIbI U OT/EIBHBIE CHMBOJBI HaOMPAIOTCSl C WCIIONB30BaHHMEM penakropoB (opmyn Microsoft Equation wmm
Math Type (ue BcraBnars Gpopmyisl u3 nmakeroB MathCad 1 MathLab, a taroke He crieyeT NCIIONb30BaTh CTAHIAPTHYIO BCTaBKY
MaTeMaTH4ecKux (POpMyIT WU IIOCTPOSHHUE COOCTBEHHBIX (POPMYIJI C TOMOIIIBIO OHMOIMOTEKH MATEMaTHIECKUX CHMBOJIOB).

Mamocrpanun. Cxemsl, rpadvKy, auarpaMMbl U T.IL IPUHUMAIOTCS TOJBKO B BEKTOpHBIX (opmarax (Word, Excel,
Visio, CorelDraw, Adobe Illustrator u ap.). I'padudeckuii MaTepuan IPUHUMAETCS TOJIBKO B YepPHOM-0€5I0M U300paKeHUH,
JIOJDKEH OBITh YETKHM U He TpeOoBaTh NepepucoBKU. I'pad)MKy JOIKHBI BBIAENATHCS JIMHUAMU Pa3HOTO CTUIIS (He AeaTh uX
IBEeTHbIMH) WIKM oTMeuarhes Iudpamu. Dororpaguu U CKPUHIIOTHI JIOJDKHBI BBIIIOIHATCSA B pacTpoBbIX (opmarax (tiff,
bmp, png u ap.) nocrarouHoro pacumpenus (300 dpi) u uérkocTH.

TabauIbl ¥ PUCYHKU JOJDKHBI OBITH BCTABIIEHBI B TEKCT 110CJIE a03aleB, COJIEPIKAIINX CChIIKY Ha HUX.

Pa3meps! minttocTpanuii He JTOJDKHBI IPEBBIIIATH Pa3MEPOB TEKCTOBOro Mo (He Gonee 15 cm).

Cnncok JuTepaTypbl 0QOPMIISETCS COINIACHO MOPSIKY CCBUIOK B TeKCTe (I/1e OHU YKa3bIBAIOTCS B KBaJIPaTHBIX CKOO-
Kax) 1 00s3arenbHO B coorBercTBUU ¢ TOCT 7.1-2003 B ABYX BapuaHTax:

1) Ha pycckoM;

2) Ha s13bIKe opuruHaina sjaruHckumu OykBamu (References). Eciu pycckosi3piuast cTaTbst Obula NepeBelieHa Ha aH-
IJIMHACKUH SI3BIK U OITyOJIMKOBaHA B AHIVIMHCKOM BEpCHH, TO HEOOXOIMMO YKa3bIBaTh CCHUIKY M3 HMEPEBOAHOIO MCTOYHHKA.
bubnuorpaduueckue onucaHus POCCHHCKUX ITyONMKALMi COCTAaBISIOTCS B CIIENYIOLIEH IOCIEI0BATENbHOCTH: aBTOPbI
(TpaHcIMTEpalKs), IEPeBO Ha3BaHUs CTaTbU (MOHOIpa(huu) B TPAHCIUTEPUPOBAHHOM BapHaHTE, II€PEBOJ HA3BAHUSI CTaTbU
(MoHorpaduy) Ha aHrIMHACKMI SA3bIK B KBaJpaTHBIX CKOOKax, HA3BaHHUE MCTOYHHUKA (TPaHCIMTEPALus, KypCUB), BBIXOIHBIE
JIaHHbIE ¢ 0003HAUCHUAMH Ha aHIJIMHCKOM SI3BIKE.

CcpUIKHM HA Heony0JIMKOBAaHHbIE PAGOTHI He JOIYyCKAIOTCS.

Crarbs 1oJpKHA OBITh HOJIMCaHa aBTopoM(amu). [Tocie moxmnucu aBTopa U JaThl yKa3bIBatOTCs ero Gpamuius, ums, or-
4eCTBO (IIOJIHOCTBIO), yUCHAsl CTENEHb, JJOJDKHOCTb, MECTO paboThl, 00JIACTh HAYYHBIX MHTEPECOB, KOJIMYECTBO OIyOIMKO-
BaHHBIX padoT, TesnedoH, e-mail, nomamHuii axpec.

K crarbe npunararorcst cieayonme A0KyMeHTbI:

- aBTOPCKOE 3asIBJICHUE C yKa3aHUEeM PYOPHKH XKypHala;

- OKCIIEPTHOE 3aKITIOUYCHUE O BO3MOJKHOCTH OITyOIMKOBAHMS;

Marepuaiibl, He COOTBETCTBYIOLIME BhILIEYKA3AHHBIM TPEGOBAHUSIM, HE PACCMATPUBAIOTCH.

Anpec nis nepenuckn: 424000 Homkap-Ona, . Jlennna 3, ITTY,

penaxiws xypHaia «Bectauk [TI'TY», e-mail: vestnik@volgatech.net

Inara ¢ acnupaHTOB 3a ITYOJIMKAIMIO PYKOITMCEH HE B3UMAETCS.

Iloopobnee — na caiime III'TY: http://www.volgatech.net
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IMonnucka Ha kypHan ocyumecTsisercs no «O6beauHeHHOMY Kartanory. IIpecca Poccun. T'azetsl u  JKypHans»
(monnucHoil unpexc 42916, remaTnyeckuii ykasarens: Hayuno-texauueckue usnanus. M3secrus PAH. M3Bectus By30B).



