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KOJIOHKA PEJAKTOPA

Veaowcaemvie xonneau!

[Ipencrasmsiem Bam BTOpoit HOMep 3a 2016 rox xxypHana «BecTHUK
[ToBOMKCKOrOo TOCYyIapCTBEHHOTO TEXHOJIOTHYECKOr0 YHHBEPCHUTETA.
Cepusi: «Paguorexnuveckue 1 ”HPOKOMMYHUKAITUOHHBIE CHCTEMBD).

IIepseiii pasnen «TenekOMMyHUKAaMKM U PaJUOTEXHUKA» OTKpPbHIBA-
eT CcTaThs, IMOCBSAIIEHHAS HCCICIOBaHUIO 3(D(EKTOB B3aMMOACHCTBHUS
MOJICUCTEM  CHCTEMBbI  3emiisi—aTMmocgepa—uoHochepa—maraurocdepa
MPH aHTPOIIOTEHHOM BO3JIEWCTBUU Ha MOHOC(epy 3eMIId MOIIHOTO pa-
JMOM3ITYYSHUST POCCUICKOTO HArpeBHOTO CTEHJA, a Takke 3(PQeKToB,
BBI3BAHHBIX CTUMYJIMPYIOIIUMHI BO3ACHCTBUSAMH IIPUPOAHOTO XapakTepa,
— TeoKOoCMUYecKUMHU OypsimMu. B criemyromield ctathe mpeacTaBiIeHbl pe-
3yNbTaThl UCCIENOBAHUA BIHMSHUS JBUKEHUS e Ha pe3yiabTaThl CHKa-
THA 3XOCHUTHAJIOB, a TaKKe MOJAaBJICHUS KOPPENAIUOHHBIX IIYMOB IpU
WCIIOJIb30BaHMM KOHEYHOMEPHBIX KOAMPYIOIIUX ITOCIIEA0BATEIbHOCTEH.
Tperbs cTaThs pas3jena MOCBAIIEHA TEOPETUUECKUM M SKCIIEPUMEHTANb-
HBIM HMCCJIEOBAHUSIM ITOMEXOYCTONYMBOCTH CHCTEMBI CBA3H C IHCKPET-
HOW YacTOTHOM MaHWMYJSIIHMEH NMPH HaJWM4YMHM B KaHAJe CBSI3M Oenoro
IIymMa U COCPEJOTOUYEHHOW MO CHEKTpYy MnoMexu. B mocnenHen craThe
pazzena MpUBOAATCA Pe3yibTaThl pelIeHUs 3aJadd CO3JaHUS CHCTEMBI
CBSI3U C BCTPOCHHBIM PEXHMOM YaCTOTHOTO OOCCICUCHHsS Ha OCHOBE
MIPUMEHEHHUS] METO0/la MTAaCCHBHOIO 30HAWPOBAHHUS MHOTOMEPHOTO HOHO-
cepHOro KOPOTKOBOJIHOBOTO paJHOKaHalla CBEPXIIHPOKOIOIOCHBIM
CHUTHAJIOM.

Paznen «BeruucnuTenbHas TeXHUKA 1 HHOOPMATHKA) HAYMHACTCS C
paboThl, TOCBSIMEHHON pelIeHHI0 3a1a4 WHPOPMAIMOHHOH Oe30macHo-
CTH B COBPEMCHHBIX paclpeleléHHBIX  OecrpoBOAHBIX — mesh-
uHpacTpykTypax. B crienytomeil cratbe npemiaratoTcsi MyTH pelleHHs
BOIIPOCOB pe3epBupoBanHus Joruueckux snemenToB [IJIMC (mporpam-
MHUPYEMBIX JIOTHYECKUX MHTErPaJIbHBIX CXEM).

B paznmene «3nekrpoHukay mpeacTaBiieHa pabora, MOCBAMIEHHAS
TEXHOJOTMYECKHM OCOOCHHOCTSIM (POPMUPOBAHHS PE3UCTHBHBIX MIIEHOK
Ha OCHOBE OKCHJIOB M HUTPHUJOB 3JIEMEHTOB Heprkaperouie cranu. Ilo-
Jy4eHHBIE Pe3yNbTaThl MOKA3bIBAIOT BOSMOXKHOCTh MCIIONB30BAaHUA He-
pKaBeroIeli CTalli B Ka4eCTBE MUILIEHH JUTSI TPOM3BOACTBA PE3UCTUBHBIX
MIEHOK METOI0M MarHeTPOHHOI'O PaCIbIICHHS.

B 3aki0ounTeNbHOM pasjiene coodInaercs o pesyiabraTax padotsl 111
MEKAYHAPOJHONH Hay4YHO-TexHHUYeckol KoHpepenuuu «[Ipuknagnas
3JIEKTpOMHAMKKa, (DOTOHMKA U JKUBBIE cucTeMbl — 2016, coCTOsBIICH-
cs B 1. Kazanu.

YBaxkaeMble YUTATENH, MBI HaJeeMCs, YTO PE3YJIbTaThl, MPEACTaB-
JICHHBIC B 3TOM HOMeEpe *KypHaja, OyIyT MoJe3Hbl B Balleid padore, U BhI
MPOAOJDKUTE ATbHENIIIee COTPYIHIUUECTBO C HAILIUM >KypHAJIOM.

Ipogheccop Hamanvsi Pabosa
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ABSTRACT

The purpose of the work is a summary of the results of critical frequency variations observation
with three ionosondes, separated in latitude and longitude under powerful radio emission exposure
on the ionosphere of the heating facility «Sura». The distances from ionosondes to the heating facili-
ty were 560, 960 and 2200 km. Results. In time variations of the layer critical frequency, aperiodic
bursts were discovered with the value 0.1 +~ 0.4 MHz. The powerful radio emission exposure on the
ionosphere lasted 15 minutes. Disturbance delay time with respect to the heating facility «switching
ony moment was 5 + 15 min and its duration was 10 + 15 min. The horizontal range of the disturbed
ionosphere region was not less than 2200 km. The magnitude of disturbances slightly decreased with
an increase in the distance from the heating facility. In some cases the «accumulation effecty of dis-
turbances was observed, when aperiodic bursts appeared during heating facility operation in the
mode 5 min «ony, 5 min «off». Discovered bursts of the critical frequency can be masked by wave
disturbances of natural and man-made origin. In the latter case wave disturbances were generated
by powerful radio emission that their propagation speed (about 300 + 500 m/sec) and its dependence
on the altitude show. Under natural conditions, the generation site of wave disturbances is not usual-
ly known, that doesn’t allow estimating their propagation velocity. The electron flow value could be
about 108—109 m—2sec—2 at their energy 100 keV. Aperiodic bursts of the critical frequency demon-
strate the increase of 1 + 10% of the electron concentration in the region F of the ionosphere, which
is probably determined by high-energy electron precipitation from the Earth radiation belt, which is
in the metastable state. This state could be caused by weak and moderate geocosmic storms, ob-
served during measuring. Observed bursts were probably caused by disturbances (stimulated by ge-
ocosmic storms) of the established (under quite conditions) interaction of subsystems in the system
the Earth-atmosphere-ionosphere-magnetosphere, specifically high-energy electron precipitation
from the magnetosphere into the atmosphere and its additional ionization. Conclusion. Discovered
regularities require confirmation and a more detailed study using other testing procedures and elec-
tron flow measurements on low-flying artificial satellites.
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ABSTRACT

Introduction. At present for the quantitative assessment of radar station resolution by non-
energy parameters, the correlation function device is applied, when the difference in signal pa-
rameters is transformed into the distinction between their normalized autocorrelation functions.
Meanwhile the signal resolution is the higher, the smaller its autocorrelation function differs from
a delta function. However the realization of the autocorrelation function of this kind is connected
with the impossible demand for infinitely high signal energy. Therefore besides the main lobe, the
real signal autocorrelation function contains correlated noise in the form of side lobes. Their in-
tensity also depends on properties of the signal. Their control was and still is an urgent problem in
radiolocation and it is a primary objective during the synthesis of coding sequences. The purpose
of this work is obtaining the complex envelope, related to a phase-coded probing signal and repre-
sented by an element of finite-dimensional vector space and having ACF in the form of a Kroneck-
er symbol. Provided that the phase shift is compensated, the energy signal spectrum remains uni-
form that gives an opportunity of ideal compression and obtaining signal ACF in the form of a unit
impulse. The structure of the device of echo signal processing from a moving target in the form of
the multichannel circuit of phase shift compensation is offered. Results. The class of finite-
dimensional coding sequences for complex discrete signals, providing the zero side-lobe level of
the compressed signal is considered. It is shown that in general such sequences are complex val-
ued and they have the uniform energy spectrum. The processing of such signals in the reception
path is based on the application of cyclic matched filtering. The problems of the target movement
influence on the results of the compression of echo signals with similar coding sequences have
been investigated.

REFERENCES

Paouomexnuueckue u qubOKOMMyHMKaL}MOHHble cucmemanl

1. Svistov V.M. Radiolokatsionnye signaly i ikh
obrabotka [Radar Signals and their Processing]. Mos-
cow: Sovetskoe radio, 1977. 448 p.

2. Radiolocation handbook / Edited by M.L
Skolnik. Translation from English under the general
editorship of V.S. Verba. Two books. Moscow:
Tekhnosfera, 2014. Book 1. 672 p.

3. Cook Ch., Bernfeld M. Radiolokatsionnye sig-
naly [Radar Signals]; translation from English under
the editorship of V.S. Kelzon. Moscow: Sovetskoe
radio, 1971. 568 p.

4. Varakin L.E. Teoriya slozhnykh signalov
[Theory of Complex Signals]. Moscow: Sovetskoe
radio, 1970. 376 p.



Becmuux HI'TY. 2016. Ne2(30)

ISSN 2306-2819

5. Vasiliev D.V., Vitol M.R., Gorshenkov Yu.N.
et al. Radiotekhnicheskie tsepi i signaly [Radio Engi-
neering Circuitry and  Signals]; edited by
K.A. Samoilo. Moscow: Radio i svyaz', 1982. 528 p.

6. Lezin Yu.S. Optimal'nye fil'try i nakopiteli
impul'snykh signalov [Optimum Filters and Impulse
Signal Storage Devices]. Moscow: Sovetskoe radio,
1969. 448 p.

7. Vakman D.E. Regulyarnyy metod sinteza faz-
omanipulirovannykh signalov [Regular Method of the
Synthesis of Phase-Shift Keyed Signals]. Moscow:
Sovetskoe radio, 1967. 386 p.

8. Vvedenie v konturnyy analiz; prilozheniya k
obrabotke izobrazheniy i signalov [Introduction to
Contour Analysis; Applications to Image and Signal
Processing] / Ya.A. Furman, A.V. Krevetsky, A.K.
Peredreev and others; edited by Ya. A. Furman. — the
second edition. Moscow: FIZMATLIT, 2003. 592 p.

9. Furman Ya. A. O dvukh zamechatel'nykh
vidakh zamknutykh konturov izobrazheniy [On Two
Remarkable Types of Closed Image Contours]. Radio-
tekhnika i elektronika [Radio Engineering and Elec-
tronics]. 1993. Ne 6. Pp. 1054-1061.

10. Furman Ya. A. Visual structure contours with
special spectrocorrelation properties. Pattern Recogni-
tion and Image Analysis. 1996. Ne 4. Pp.734-746.

11. Leuhin A.N. Global'nyy podkhod k sintezu
fazokodirovannykh posledovatel'nostey s nulevymi
bokovymi lepestkami periodicheskoy AKF [The

Global Approach to the Synthesis of Phase-Coded
Sequences with Zero Side Lobes of Periodic ACF].
Sovremennaya radioelektronika v retrospektive idey
V.A. Kotel'nikova [Modern radio electronics in retro-
spect of V.A. Kotelnikov’s ideas]. Moscow: Izd-vo
MEI, 2003. Pp. 35-37.

12. Furman Ya.A., Egoshina L.L., Eruslanov R.V.
2D i 4D vektornye signaly s  khoroshimi
korrelyatsionnymi svoistvami [2D and 4D Vector Signals
with Good Correlation Properties]. Zhurnal radioelektro-
niki [Journal of radio electronics]. 2012. Ne 4. Pp. 24.

13. Furman Ya.A., Rozhentsov A.A., Hafizov
R.G., Kazarinov A.V. Konturnyy diskretno-
kodirovannyy signal s ideal'nymi korrelyatsionnymi
svoistvami [A Contour Discrete-Coded Signal with
Ideal Correlation Properties]. XXIX Vserossiyskiy sim-
pozium «Radiolokatsionnoe issledovanie prirodnykh
sredy [XXIX All-Russian Symposium «Radioloca-
tion Research on Natural Environments»] StPb.:
VKA imeni A.F. Mozhayskogo, 2015.

14. Frank R.L. Polyphase Codes with Good Non-
periodic Correlation Properties. /[EEE Trans. on In-
formation Theory. 1963. Vol. 9. Ne 1. Pp. 43-45.

15. Ipatov V.P. Troichnye posledovatel'nosti s
idealnymi periodicheskimi avtokorrelyatsionnymi
svoistvami [Ternary Sequences with Ideal Periodic
Autocorrelation Properties]. Radiotekhnika i ele-
ktronika [Radio Engineering and Electronics]. 1979.
Ne 10. Pp. 2053-2057.

The article was received 16.11.15.

Citation for an article: Furman Ya. A., Kazarinov A. V., Gromyko D. S. Suppression of Correlated Noise at
a Resolution of Signals According to a Distance and Speed. Vestnik of Volga State University of Technology. Ser.:
Radio Engineering and Infocommunication Systems. 2016. No 2 (30). Pp. 28-41. DOI: 10.15350/2306-

2819.2016.2.28

Information about the authors

FURMAN Yakov Abramovich — Doctor of Engineering Sciences, Professor of the Chair of
Medical-Biological System Engineering at Volga State University of Technology. The sphere of
scientific interests is radiolocation and navigation, digital image and signal processing. The author

of 160 publications.

KAZARINOV Artemy Vitalievich — a postgraduate student of the Chair of Medical-Biological
System Engineering at Volga State University of Technology. The sphere of scientific interests is
radiolocation and navigation, digital signal processing.

GROMYKO Dmitry Sergeevich — a postgraduate student of the Chair of Medical-Biological
System Engineering at Volga State University of Technology. The sphere of scientific interests is
radiolocation and navigation, digital signal processing.



ISSN 2306-2819

Paouomexnuueckue u qubOKOMMyHMKaL}MOHHble cucmemanl

VK 621.372.061.2(075.8)
DOI: 10.15350/2306-2819.2016.2.42

IKCIIEPUMEHTAJIBHAS OINEHKA
MMOMEXOYCTOMYUBOCTH CUCTEMBI CBSI3U C UM
IIPU HAJIMYWU COCPEJOTOYEHHOM NOMEXHU B KAHAJIE
C YMHOKEHUEM YACTOTBI

B. U. Ecunemcol, JL. IO. Bozomonosa*

'Hukeroposckuii rocy1apcTBeHHbII TexHUUecKuii yHuBepcHTeT uM. P. E. Anekceesa,
Poccuiickas ®enepauus, 603950, Huwxuuit Horopon, yn. Munusa, 24
E-mail: esipenko@nntu.nnov.ru
000 «Apresnion,

Poccuiickas ®enepanus, 603093, Huxuauii Hosropon, yn. Ponnonosa, 23
E-mail: antantamil@ya.ru

Tlpusooumess meopemuyueckas u 9KCHEPUMEHMANbHASL OYEHKA NOMEXOYCHOUYUEOCMU CU-
cmembl Ce:3U ¢ OUCKPEMHOU YACTMOMHOU MAHUNYIAYUEH NPU HATUYUY 8 KAHAAe C653U 6ell020 ULy-
Ma u cocpedomo4eHHol no cnekmpy nomexu. Mccredosanue basupyemes Ha pazsumoil panee me-
moouxe. [loxkazano, umo UCNoONL306aHUe 8 KAWHCOOM NOOKAHALE HENUHEUHOU 00pabomKu cmecu ¢
NOCIeOVIOWUMU Y3KONOIOCHOU (putbmpayueli U 0emeKmuposaHuem Ha YOBOCHHbIX NOOHECYUUX
YACTOMAX NO360J151eM YIIYYULUMb HOMEX0YCTNOUYUBOCHIb NPUEMA NONE3HBIX CUSHAOS.

Knrwouessle cnosa: wacmomuas MaHunyIayusi, NpuéM, 2aycco8CKULl Wym, CoCpe0OmoyeHHas
nO ChneKmpy nomexd, Heauuelinas obpabomka; Y3KONOIOCHAS Quibmpayusi;, 0emeKxmuposanue
VOBOEHHBIX NOOHECYWUX, OYEHKA NOMEXOYCTNOUYUBOCHIU.

Cnucox numepamypul

1. Tennose H.JI. TloMexOyCTOMYHUBOCTH CHUCTEM
nepenauu auckpetHoi nHpopmanuu. M: Cesizb, 1964.
159 c.

2. Cmeun C., Jorconc [Joc. TlpuHiunsl coBpe-
MEHHOU TEOpPHHU CBSI3U U MX IPUMEHEHHE K mepenayde
JIMCKpETHBIX coodmenuit. M.: Csi3p, 1971. 376 c.

3. Jlesun B.P. Cratuctuyeckas paIuOTEXHHUKA.
M.: Coserckoe paauo, 1962. 752 c.

4. I'onoposckuii YA.C. PaguotexHundeckue ey u
curnainel. M.: CoBetckoe paauo, 1971. 672 c.

5. lsapyman B.O., Emenvanos I A. Teopus niepe-
Jia4un quckpeTHoi napopmarmi. M.: Cssb, 1979. 424 c.

6. Ecunenxo B.H., bocomonosa JI.FO. OneHka no-
MEXOYCTOMUMBOCTH cucTeMbl cBsi3u ¢ JJUM mpu Hamu-
YUU COCPEJOTOYEHHOW IMoMeXH B KaHaie cBsi3u // Tpy-
el HI'TY um. P.E. Anekceesa. 2014. Ne 4. C. 11-19.

7. Tuxonos B.U., Xapucos B.H. CtatucTiueckuii
aHAJM3 M CHHTE3 PAJAMOTEXHHYECKUX YCTPOWCTB M
cucreM. M.: Pagno u cBs3b, 1991. 608 c.

8. Ecunenxo B.H. TIpsiMolt cTaTUCTUYECKUI aHa-
T3 KacKaJTHBIX T'aMMEpINTEHHOBCKHX CHCTEM. M.:
Kuura o tpe6oranuo, 2014. 374 ¢.

9. Kopowcux B.U., Qunx JIM., Llenxynose K.H.
Pacu€r moMexoycTOHYMBOCTH CHUCTEM Tepeadu Juc-
KpeTHbIX cooOmenunid. CrpaBoynuk. M.: Pammo u
cBa3b, 1981. 232 c.

10. I'paowmein HU.C., Poixcux U.M. Tabmuipt
WHTErpajoB, CyMM, psIOB W Mpou3BedeHuil. M.:
Hayka, 1971. 1001 c.

11. 3wko A.I'., Knoecxuu /1./]., Kopocux B.H.,
Haszapoe M.B. Teopus snektpuueckoil cBszu. M.:
Pamuo u cBsa3p, 1998. 432 c.

Cratbs noctynuia B penakiuto 04.04.16.

Jas mutupoBanus: Ecumnenxo B. U., boromonoga JI. }0. DxcnepuMenTanbHas OleHKa MOMEX0YCTOWIH-
BOCTH CHCTeMBI cBsizu ¢ JJUM mnpu Hajauyuu COCpeOTOYSHHOW MOMEXHM B KaHalle C YMHO)KEHHEM YacTOTHI //
Bectauk IToBOMKCKOro rocyAapcTBEHHOIO0 TEXHOJOTHUecKoro yHuBepcurera. Cep.: PanguorexHuueckue u MH-
(oxommyHuKanmonHsle cucremMbl. 2016. Ne 2 (30). C. 42-51. DOI: 10.15350/2306-2819.2016.2.42



Becmuux III'TY. 2016. Ne2(30) ISSN 2306-2819

Caenenusi 00 aBTopax

ECHIIEHKO Banewmun Heanosuu — NOKTOp (PU3MKO-MAaTeMaTHYECKUX HAYK, CTapIIMA
HAYYHBIH COTPYIHUK, Ipodeccop Kadeapsl sMeKTpoHUKH U cereir DBM, Hmxkeroponckuii rocy-
JAPCTBEHHBIA TeXHUUECKUM yHuBepcuteT uM. P.E. AuexceeBa. O0aacTh HaydHBIX MHTEPECOB —
cTaTUcTUUecKas paguodusnka M paguoTeXHHKA, PAaCHpOCTPAHEHHE PaJNOBOJH, DJIEKTPOCBSI3b,
CTaTUCTUYECKHE M HEJIMHEHHbIE METO/bI MpUéMa U 00pabOTKM CUTHAJIOB, HEIWHEWHAs! paIuolio-
kanus. Asrop 160 myOiuKkanuii, B TOM 4nciie qByX MOHOrpaduii u 1ByX y4eOHBIX TTOCOOMH.

BbOIOMOJIOBA Jlwomuna FOpwvesna — acmpar, nporpammuct, OO0 «Aptezno». OdaacTh
HAyYHBIX WHTEPECOB — CTATHCTHYECKUE W HEJIMHEHHbIE METO/bI MpuéMa U 00pabOTKU CHUTHAJIOB.
ABTOp 1IECTH ITyOJIUKAIHA.

VK 621.372.061.2(075.8)
DOI: 10.15350/2306-2819.2016.2.42

EXPERIMENTAL ESTIMATE OF THE NOISE IMMUNITY
OF THE COMMUNICATION SYSTEM WITH BINARY FREQUENCY SHIFT KEYING
(FSK) IN CASE OF CONCENTRATED INTERFERENCE IN THE CHANNEL
WITH FREQUENCY MULTIPLICATION

V. I. Esipenko’, L. Yu. Bogomolovd’

'Nizhny Novgorod State Technical University named after R. E. Alekseev,
24, Minin Street, Nizhny Novgorod, 603950, Russian Federation
E-mail: esipenko@nntu.nnov.ru
’LLC «Artezio»

23, Rodionov Street, Nizhny Novgorod, 603093, Russian Federation
E-mail: antantamil@ya.ru

Key words: frequency-shifi keying, reception; Gaussian noise; interference, concentrated
over the spectrum; nonlinear processing; narrow-band filtering; detection of duplicate subcarri-
ers, noise immunity estimation.

ABSTRACT

Introduction. At present the rapid growth in the number of radio aids puts forward extremely
difficult problems. One of them is providing the efficient operation of communication systems un-
der conditions of ether «occupancy». It requires the answer to the question about providing the
decrease in mutual interference between radio aids, operating together both in space and time.
Purpose: The comparative estimate of the noise immunity of the reception of signals with binary
frequency- shift keying (FSK) during non-coherent reception without frequency multiplication and
with frequency multiplication by two times in a demodulator in the presence of Gaussian noise at
the input and the interference, concentrated over the spectrum in one of its channels is carried out
in this work. Methodology / approach: The theoretical and experimental analysis of demodulator
noise immunity is carried out with frequency multiplication by two times in each of its subchannels
and they are compared with analogous results, received and published earlier for a demodulator
without frequency multiplication. The improved demodulator block diagram and established equa-
tions, which are initial for obtained results, are presented. Results. For different signal and noise
power ratios at the output of acceptance filters of the demodulator, the estimates of probabilities
of the erroneous reception of a desired signal in case of concentrated interference in one of sub-
channels have been received. Application. The obtained theoretical and experimental results
show the usefulness of the application of the nonlinear processing of discrete signals in communi-
cation channels. Conclusion. It is shown, that the application of the nonlinear processing of de-
sired discrete signals in the demodulator gives the possibility of improving noise immunity of their
reception considerably.
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ABSTRACT

Introduction. The variability of the ionosphere creates problems for the operation of radio
engineering systems, using a multidimensional ionospheric short-wave channel. For this reason
the multiple users need the information about multidimensional channel parameters, which can be
received in real-time, using signals emitted by transmitters of the world network of LFM iono-
sondes. Meanwhile it is necessary to restrict oneself to the features of standard receivers of short-
wave communication. The purpose of the work is the development of methods, algorithm and
software creation for the method of passive panoramic sensing of a multidimensional radio chan-
nel by a continuous LFM signal and their verification by natural experiments. Conclusion. The
algorithm of passive sensing of a multidimensional short-wave radio channel by a LFM signal has
been developed. The corresponding device and the algorithms of optimal signal processing, the
visual display of the power delay profile of the multidimensional channel have been presented. The
notion of the dimension of the multidimensional channel has been introduced. The formula of its
estimation has been presented. The algorithm of the automatic determination of dimension, signal-
to-noise ratio and short-wave radio channel memory was developed. It is shown that the sounding
signal is a physical model of the communications signal. It allows estimating the quality of com-
munication for an arbitrary partial channel upon the results of sensing. The received results allow
implementing the frequency support mode based on the existing systems of short-wave communi-
cation without their equipment modernization and increasing the reliability of communication by
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MESH-CETSX
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Paccmampusaromes npobiemvl ungopmayuonnoll 6e30nacHocmu 8 COBPEMEHHbIX pacnpede-
JNEHHBIX 6ecnpo8oOHbIX mesh-un@pacmpykmypax. AHanus nokazan HedoCmamouHyo npopabomxy
80NPOCO8 UHPOPMAYUOHHOU De3onacHocmu 8 paccmompennvix mexuonoeusix 6LoWPAN u Blue-
tooth 4.0 LE. OOnum u3 OCHOBHbIX 6U008 AMAK HA NOOOOHbIE MEXHONOZUU AGIAIOMCS AMAKU,
HanpaenenHvle Ha NoydeHue Kuoyel 00Cmyna K cemu y HaumeHnee 3auuyéHusix, aubo y Haubo-
Jlee OOCYNHbIX YUACMHUKO8 PACHPEOeNEHHOU UHDPACMPYKMYPbL ¢ NOCAEOYIOUUM OOCTHYHOM KO
eceti cemu 6 yeaom. Ilpednazaemcsi n00X00, OCHOBAHHBII HA UCHOIL30BAHUU CKPLIMbIX KAHALO8
011 nepedayu CUSHAmMypHOU UHGOpMayuu, NO380IOUUL NOOMBEEPHCOANb NOOTUHHOCIIb YUaAC-
HUKOB CemeBo2o 83aumooelicmausi 6 00X00 NOMEHYUAIbHbIX CPEOCME nepexéamd, UCHOIb3YEMbIX

310YMbIUIEHHUKOM.

Knroueesvte cnosa: ckpvimole xananvi, P2P cemu; mesh-cemu; MANET, ungopmayuonnas

bezonacrocms; 6LOWPAN, Bluetooth.
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ABSTRACT

Introduction. In recent years one of the most perspective and rapidly developing directions is the
development and creation of wireless distributed peer-to-peer networks (p2p, mesh, MANET networks). As
a rule, such networks are self-organizing and represent a set of intelligent nodes, combined by means of a
radio channel. At present there is a number of technologies and standards (6LoWPAN, ZigBee, Wire-
lessHART, Bluetooth 4.0LE, IEEE 802.15.4). Unfortunately, in spite of the growing popularity of such
network technologies, the problems of providing the information security have not been properly studied.
This work is a part of the cycle of articles about the security of modern mesh-protocols. The purpose of
the work is the creation of the comprehensive, systematic approach to providing the information security
of distributed network infrastructures. Results. The problems of providing the information security of dis-
tributed wireless mesh-networks are considered in the article. The analytical review of the most popular
mesh-technologies 6LoWPAN and Bluetooth 4.0LE was carried out, which showed the lack of consistency
in providing their information security and the insufficient elaboration of a number of aspects. The ab-
sence of mechanisms of resistance to one of the most dangerous attacks on such networks — «weak linky
attacks was revealed. The universal (invariant to the technology) method of countering such attacks was
suggested, satisfying the requirements and based on the application of covert channels. The use of covert
channels allowed providing the principal security of transmitted information, which is protected from ex-
isting soft/hardware means, available to attackers and it in its twrn allows facilitating their physical
search. The experiment was conducted, showing the acceptability of temporal indexes of the suggested

method of protection which allowed using it as part of standard IS (information security) policies.
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Cywecmeyiowue nocuyeckue 31eMeHmbl NPOSPAMMUPYEMBIX JIOSUHECKUX UHMESPATbHbIX
cxem — IIJIAC muna FPGA (field-programmable gate array), wacmo umenyiomess LUT (Look Up
Table), umo cumeonrusupyem paxm yHUBEPCATLHOCMU — 8 HE20 3aNUCHIBACMC MADIUYA UCTUH-
Hocmu mpebyemotu nocuveckou @yuxyuu. Taxue LUT npedcmasnsiiom coboll Mynbmuniekcop ¢
HACMPOUKOU OGHHBIX U Peanu3yiom OOHY N0SUHECKVIO (DYHKYUIO 8 COBEPULEHHOU OU3LIOHKMUBHOT
HopmanwHot popme — CIHD. [Ipeonosicenvt u sanamenmosanvt DC LUT, komopwie mocym pea-
JU308bI6AMb HECKOAbKO no2uteckux Gynxyuti ¢ CIHD na ocrnose dewugpayuu 6xoonozo nabopa
¢ OONOMHUMENbHBIMU OOKaMU HAcmpouku Ousvionkyutl wienos CIHH® 6 pasuvix @yukyusix. B
cmamve ymounsiemcs cmpykmypa DC LUT, nonyuaromcsi oyenku CR0ICHOCMU, GepOSIMHOCMU
bezomxasnou pabomul no cpasuenuio ¢ LUT, oyenusaemcs crodcHocms macuimaduposanus ¢
Yeavio yeeauueHus paspsaoOHoCmu peanusyemulx aoeudeckux Qynkyui. Ilpeonazaemes u oyenusa-
emcsi omxazoycmouuueviii DC LUT na ochoee pe3epsuposanusi mpan3ucmopos 6 oepese mpansu-
Ccmopos, 8 6110Kax HACMPOUKU OUSBIOHKYUL U 8 UHGepMOpax. [lenaemcs 61600 0 NPeONOUMUmensb-

HOCmU o cllodcHocmu u geposimuocmu oezomxasnou pabomot DC LUT no cpasuenuio ¢ LUT.

Knrwouesvle cnosa: nocuveckuil d1eMeHm; NPOSPAMMUPYEMAS. NOSUYECKAs UHMESPATlbHASL
cxema muna FPGA; LUT; mpansucmop;, (QyHKYUOHAIbHO NOJHGIL MOICPAHMHBIN J10SUYECKUL
IeMeHM, U3OBIMOYHOCIb, 6EPOSIMHOCTbL OE30MKA3HOU pabOmubL.
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ABSTRACT

Universal logic elements (LE) of programmable logic devices of a FPGA type (field-
programmable gate array) are called logical cells and LUT (Look Up Tables), as the truth table of
the required logical function is recorded in them. In this way LE functions are configured and rela-
tions are determined by the settings of local and global matrices of relations. Therefore, FPGAs oc-
cupy an intermediate position between unconditional logic and software implementation and compli-
cated finite automation can be implemented on their basis, including the memory as configuration
blocks in addition to the LE also include triggers. The standard value of the number of LE variables
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is four. To implement several functions in one LUT in a full disjunctive normal form (FDNF), DC
LUT is offered, that implements the decoding of the dialing-in and the possibility of programming the
entry of defined sets FDNF. The analysis of the complexity of the transistor circuit of this device in
comparison with the standard LUT when implementing a various number of functions and with the
different number of input variables showed the advantages of DC LUT with an increase in the num-
ber of implemented functions and the input variables. In order to improve fault tolerance of DC LUT,
the use of transistor redundancy is suggested. The evaluation of probability of failure-free operation,
implemented with the use of an exponential distribution law, showed its considerable gain in com-
parison with the circuit without redundancy, a triple circuit with one majority and a triple circuit
with three majorities. Thus, the proposed implementation DC LUT can be used in digital radio engi-
neering, digital communication engineering, the technology of sound signal digital processing, the
technology of digital image processing and other devices and systems, applied for the creation of
fault-tolerant radio engineering and infocommunication systems.
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ABSTRACT

Introduction. Because of the need for the improvement of adaptability to manufacture of
thin-film resistors by magnetron sputtering, the production of resistive films from stainless steel by
a reactive magnetron sputtering method was offered. The purpose of the work is the study of tech-
nological aspects of the formation of resistive films of oxides and nitrides of stainless steel ele-
ments by the magnetron sputtering method. To achieve the purpose, the following problems were
solved:1) to obtain the films of oxides and nitrides of stainless steel elements by the reactive mag-
netron sputtering method; 2)to measure surface resistivity by a four-point probe method,; 3)to
compare technological parameters of formed films with their surface resistivity. The film for-
mation was carried out in the automated device of magnetron sputtering at different concentra-
tions of reactive gas (oxygen and nitrogen). The surface resistivity of resistive films, measured by
the four-point probe method, changed from 3,7 to 370 Ohm/square, depending on the type and
reactive gas concentration and the temperature resistance coefficient of films changed from
1,1-10-4 to 15,9-10-4 grade-1. When the concentration of oxygen in the chamber was more than
20 %, dielectric films were formed, that also allowed protecting the resistive film by a dielectric
film in a single process cycle without target replacement. The analysis of formed film composition
was carried out by the method of mass-spectrometry with inductively coupled plasma and laser
ablation on the device NexION 300D and it showed the difference between the composition of the
target and the formed film. The decrease in percentage ratio between nickel, chromium and iron
can be explained by the reactivity worth of these elements with oxygen. The received results prove
the possibility of the stainless steel use as the target for the production of resistive films by the
method of magnetron sputtering.
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Hayuno-mexnuueckue xonghepenyuu A61510MCs HEOMbEMAEMOU YACMbIO PYHKYUOHUPOBAHUS
HAYYHO20 CcO000Wecmed, npueumus KyJabmypbl NPOGeOeHUs. IKCNEPUMEHMO8, AHAIU3A pe3yTbma-
mo8 U nod2omoeKu 00K1A008 Moa00bimu yuénvimu. Ha 6aze KHUTY-KAH 6viia nposedena
11l mexcoynapoonas nayuno-mexnuveckas Kougepenyus «lIpuxiadunas snexmpoounamuxa, ¢o-
monuxa u scugvie cucmemol — 2016». OcrhosHblm pe3yrbmamam pabomvl OAHHOU KOHpepeHyuu u
OuHaMuKe eé pazeumus U NOCEAULeHA HACMOSWAsL CINAMbSL.

Knrwoueesvle cnosa: nayunas xonghepenyus; oopazoeanue; MUKpOBOJIHOBbIE NPOYECccyvl, (o-
MOHUKA; ONMUYECKUe CUCMeMbl;, UHDOPMAMUKA HCUBLIX CUCTEM, K8AHMOBASL ONMUKA.

CenpbMOro 1 BOCBMOTIO arpesis TEKYIIEro
rojga Ha 6a3e KazaHCKOro HalnuMOHaJIBHOTO
HCCIIEIOBATENIbCKOIO TEXHUYECKOTO YHUBEP-
curera uM. A.H. Tynonesa-KAW (KHUTYVY-
KAW) 6buta npoBenena -1 mexayHapon-
Hasi  HAy4yHO-TEXHMYecKas KOH(pepeHIus
«IIpukiangnas 3MeKTpoaMHAMKKa, (POTOHUKA
u xuBble cucreMbl — 2016». Kondepenmus
TPaJIMLIMOHHO OTpPa)KaeT Pe3ylbTaThl pa3BU-
THS OCHOBHBIX HAay4YHBIX HalpaBJIeHUI
HayuHno-uccnenoBareiabckoro WHCTUTYTa
[IpuknanHoi 3JIEKTPOAUHAMUKH, (POTOHUKHU
u xuBbix cuctem (HUU TIPODXKC), mpeem-
nuka HULL [TPD u OHWJI MPIT: «Paauodu-
3UKa U paano(OTOHUKA: MIPUIIOKEHUE B TEX-
HUYECKUX M JKUBBIX CHUCTEMax», KOJUIET W3
WNucTuTyTa paguodIeKTpOHUKH U TEJEKOM-
myHukamiit KHUTVY-KAW, naydHbIX KOJI-
nexTuBoB Poccum u mMupa, akTUBHO COTpY/-

HUYAIOIIHUX C UHCTUTYTOM M YHHUBEPCUTETOM
[1-3].

B pamkax koHdepeHIMM ObLIM OpraHu-
30BaHbl CEKI[UU U HAyYHbIE HAIIPABJICHUS:

1. MUKpPOBOJHOBBIE IPOLIECCHI, TEXHO-
JIOTUM ¥ KOMIUIEKCHI.

1.1. MonenupoBanrne MHUKPOBOJIHOBBIX
YCTPOMCTB U MPOIIECCOB.

1.2. CBUY-ycTpoiicTBa 1 KOMILIEKCHI.

1.3. AHTEeHHass TEXHUKA M DJIEKTpOMar-
HUTHAsI COBMECTUMOCTb.

2. ®oTOHMKA.

2.1. TexHonorum ONTHUYECKUX CHUCTEM
TEJIEKOMMYHUKAIUH.

2.2. IlaccuBHBIE M aKTHBHBIE OITHYE-
CKHE€ KOMIIOHEHTBI BOJIOKOHHO-OIITHYECKHUX
JUHUN CBSA3M M HMHQOPMAIMOHHO-U3MEPU-
TEJIbHBIX CHCTEM.

2.3. MuxkpoBoJiHOBasi (JOTOHHKA.

© Benenskud /. A., Moposos O. I'., Mopozos I'. A., Cenenbuukos IO. E., 2016.
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3. Texuuueckas ANIEKTPOAUHAMUKA,
¢oToHMKA U HHPOPMATUKA KUBBIX CUCTEM.

3.1. MexkieTouHasi CUrHaJIn3aliusl.

3.2. MUKpOBOJIHOBBIE W  KBaHTOBBIC
KOMIUIEKCHI MOHUTOPHHTA M aJlalTalluu KH-
BBIX CHCTEM.

3.3. Ilcuxohu3moIOTHYeCKuEe AacCTIeKThI
BOCTIPUATHS HH(POPMAIIHH.

4. KpaHTOBas onTHKa ¥ KOMMYHHKa-
1107078

5. Tpenunr u obpa3oBaHue B 00JacTU
pagrnodusuku, GOTOHUKHU U )KUBBIX CHCTEM.

[Ipu »TOM HEOOXOAMMO OTMETUTH, YTO
4eTBEPTast CEKIUsi ObUIa OTKPHITAa BIIEPBBIC,
IIOCKOJIBKY B HACTOSIIIEE BpEMsSl Pa3BUTHIO
HAyYHBIX HAlpaBJICHUH, CBS3aHHBIX C KBaH-
TOBBIMH ~ KOMMYHUKAITUSIMH, DJIEMEHTAMHU
KBAaHTOBBIX KOMITBIOTEPHBIX CHUCTEM, HalEXK-
HOCTH, JIOCTOBEPHOCTM U OJIHO3HAYHOCTHU
neperayd MHQOpPMALUU C HUCIOJIb30BAaHUEM
KBAaHTOBBIX TEXHOJIOTUH yJenseTcs 3Hadu-
TEJIbHOE BHUMaHHUE, B TOM YHUCIIE U COTPYH-
HukaMu Ka3zaHCKOTO KBaHTOBOIO LIEHTpA.

OTtkpbiBasi KOH(QEPEHLHI0, K Yy4acTHH-
KaM C TIPUBETCTBEHHBIM CIIOBOM OOpPaTHIINCh
mapexTop WHCTHTyTa pajnodIeKTPOHUKH U
TEJIEKOMMYHUKALUN, JOKTOP (U3.-MaT. HayK,
npodeccop A. . HaneeB, mupexrop HUN
MIPUKIIAJHOM MEKTPOIMHAMUKH, (POTOHUKH U
KUBBIX CUCTEM, JOKTOP TE€XH. HAYK, podec-
cop O. I'. Mopo3oB, ocHoBaTenp OTpaciieBoit
Hay4YyHO-MCCIIEI0BATENbCKON  J1abopaTopuu

MunucrepcrBa PaaAUONIPOMBIIITIEHHOCTH
(OHMJI MPII) u nHay4dHO-HCCIEA0BATEIbC-
KOIO IIEHTpa NMPUKJIAJAHON IEKTPOAUHAMUKHI
(HULL ITPD), nokTop TexH. HayK, mpodeccop
I'. A. Mopo3zos (puc. 1). B cBoém BeIcTyILIE-
HUU OHM TNOJYEPKHYIHU aKTYaJIbHOCTH IIpPO-
BOJMMBIX HCCJEIOBaHUN, OypHOE pa3BUTHE
HOBBIX HAYYHBIX HalpaBlIEHUH, pa3paboTKy,
CO37laHHE U NMPUMEHEHHE HOBBIX MHCTPYMEH-
TapueB B PaJUOTEXHUYECKUX, ONTUUYECKUX U
panno(dOTOHHBIX 331a4ax. beuto mogu€pkHy-
TO, YTO AKTHBHOE BOBJIEUEHUE B TEXHHYE-
CKOE€ TBOPYECTBO U HAYYHYIO AEATEIbHOCTDH
oOyuarouuxcs CTUMYJIHPYET KaK pa3BUTHE
HAay4yHOTO NOTEHIMaNa, TaK U JUYHOCTHBIN
POCT CTYJEHTOB.

K yuacTtuto B koH(pepeHuu ObUIO Mpe-
CTaBJICHO OJIMHHAJIATh IUIEHAPHBIX JIOKJa-
JI0B, OXBAaTBhIBAIOUIMX ILIUPOKUI  CIEKTP
Hay4yHBIX HaIlpaBJIEHUH B 00JacCTU MHKpO-
BOJIHOBOM TEXHUKHU, ONTHYECKUX CEHCOPHBIX
CUCTEM U COBPEMEHHBIX CHCTEM TEJIEKOMMY-
HHUKaLWH, peaJn3aliui AJIEMEHTOB KBAaHTOBOU
MaMsTH, aKyCTUYECKOM KapTorpapuu.

[InenapHoe 3acemaHue KOH(epeHLUU
[MIPO®XC-2016 1O3BOAMIO  y4acTHHUKaM
O3HAKOMUTBCSI C TEMAaTUKON paboT, KOTOphIE
MIPOBOJATCS OOLIENPU3HAHHBIMU HAyYHBIMU
KOJUIEKTUBAaMM, C T[EPCIEKTUBHBIMHU pa3pa-
00TKamMu B 00JaCTH MHKPOBOJHOBBIX, OITH-
YEeCKMX M KBAHTOBBIX TE€XHOJIOTHUM, UX MpUMe-
HEHUSIMHU B TEXHUYECKUX U )KUBBIX CUCTEMAX.

Puc. 1. Omxpoimue xonghepenyuu: oupexmop UPIT ookmop gus.-mam. nayx, npogh. A.@. Hadees, dupexmop
HUU T[TPDDKC ooxmop mexn. nayx, npog. O.I. Mopozos, oupexmop OHUJI MPIT u HUIL] [IP3 doxmop
mexH. Hayk, npogh. I.A. Mopo3zoé
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MHKpOBOJTHOBBIMHA M KBAaHTOBBIMH METO-
JTaMH aJlanTalnyuyd 1 Moau(dukanum Ouojioruye-
CKMX OpPraHU3MOB IUIOJIOTBOPHO 3aHUMAIOTCS
corpymankn HUN TTPO®KC npu akTHBHOM
y4acTUM OpraHu3aTopa U HJIEHHOTO BJOXHO-
BUTeINs Hanpasienus — nmpod. I'. A. Mopo3zosa.
B cBOéM 1uieHapHOM JIOKJIa/Ie OH MOJYEPKHYII
0COOEHHOCTU BO3AEHCTBUS HU3KOMHTEHCHUBHO-
ro KBU-u3nydeHus: Ha ceMeHa CelIbCKOX035ii-
CTBEHHBIX U JIECHBIX KYJIBTYp, B TOM YHUCIIE
npu npeanoceBHoi mnoaroroske [4]. IIposo-
JMble HayyHou rpymmo# I'. A. Mopo3osa nc-
CJICIOBAHUS SIBJIIIOTCSI OCOOEHHO aKTyaJlbHbI-
MU B TEKYIIIEM o1y — rojty 3epHOO000BBIX.

Pa3BuTHE COBpEMEHHBIX TEIEKOMMYHHKA-
Ml B KBAaHTOBO-MEXaHWYECKOM acCIIEKTE B
CBOEM IUIEHAPHOM JOKJIaZe OTpasui Mpod.
B. X. barmanoB (YI'ATY). Um Opumm  pac-
CMOTpEHbl HECKOJIbKO AacIeKTOB, CBSI3bIBAIO-
IIMX COBPEMEHHBIE TEIEKOMMYHUKAIIIOHHbIE
TEXHOJIOTUM C KBAHTOBOW MEXaHUKOW W 3JIEK-
TPOAMHAMUKOHN [5], OCKOJIbKY COBpPEMEHHAas
aneMeHTHas 0a3a B 00J1acTHU TEIEKOMMYHHUKa-
LMl OCHOBBIBACTCSI Ha KBAaHTOBO-MEXaHU-
YECKUX 3aKOHAX U OCYILIECTBIISIETCSI B KBAHTO-
BOM pexxume. Tarke HeoOXOAUMO OTMETHUTb,
YTO B TPEHJIE COBPEMEHHBIX U MEPCHEKTUBHBIX
TEJIEKOMMYHUKAIIUOHHBIX CHUCTEM JIEXKHT SIB-
JIeHWEe KBaHTOBOW Tenenopraimu. OnHOW u3
3a7a4y Ipu peam3aluy 1MoJ00HOro poja rnep-
CIIEKTUBHBIX TEJIEKOMMYHUKAIIMOHHBIX CUCTEM
SIBJISIETCS] CO3/JaHUE SIYEEK KBAHTOBOM IaMSATH.
Pa3zpaGoTkoii 37€MEHTOB sYeeK KBAaHTOBOM
MaMSITH, UCTIOJIB3YIOUINX MPUHIMIT (OTOHHOTO
9Xa B TBEPJOM Tejle, aKTUBHO 3aHUMAIOTCSI CO-
TpyaHUKH Ka3aHCKOro KBAaHTOBOIO LEHTpa
KHUTY-KAU (C. A. Moucees, K. U. I'epa-
CHMOB U Jip.). B HacTos11ee BpeMsi KBaHTOBYIO
aMsITh MOYKHO paccMaTpuBaTh KaK OCHOBY
IUTsL pa3BUTHUSI KBAaHTOBBIX TEXHOJIOTHM, TaKUX
KaKk KBAaHTOBbIE KOMIIBIOTEPHBIE CHCTEMBI,
CBEpPXVIMHHbIE KBAHTOBBIC JIMHUU MEPeAayu
uHpopmarmu U np. Mcnosib3oBaHHe B 3THX
nensax (OTOHHOTO 3Xa OOEIIaeT BO3MOXHOCTh
AKCTIEPUMEHTAIILHOW pean3aluy 10 100HOro
pona ycrpouctB. K Hacrosmiemy BpeMeHH
yu€HbIM ynanoch aoouthbest 87 % sddexTus-
HOCTH BOCCTaHOBJIEHMSI 3allCaHHON HHQOp-
MallMy, OJJHAKO, VIS MPAKTUYECKOTO HCIOJb-

30BaHMA 3Ta BEJIMYMHA OCTAETCsl HEeJI0CTaTouy-
Hol. [Ipemnaraercss paccMaTpuBaTh IPOTOKO-
Jbl OpraHM3ali KBaHTOBOM MaMsITH B CXeMe
HEPE30HAaHCHOTO PaMaHOBCKOTO ()OTOHHOIO
sxa. [Ipu sTOM B KauecTBe HOCUTENEH HHDOP-
MallM{ BBICTYNAIOT PEIKO3eMEJIbHbIE HOHBI B
Heoprannyeckux kpucramwiax. [Ipu stom wuc-
M0JIb30BaHUE (PA30BOM CHHXPOHM3ALUHU IPH
CUMTHIBAHWU 3alMCAaHHON HH(OpMAalUU CIIo-
COOCTBYET  CYIIECTBEHHOMY  IOJABJICHUIO
KBAaHTOBBIX IIYMOB [6], MCHOJB30BaHUE KOH-
TPOJIUPYEMOTO JIA3EPHOTO U3TYYEHHUS B 3HAUU-
TEJIbHOW CTENEHU OMNpeJeNsieT MapaMeTpbl
SIYEMKHA KBAaHTOBOW MaMSTH.

3amaun cTaOWIM3aIuu JIa3EPHOTO M3IIY-
YeHUs, B TOM YHCJI€ B aBTOMAaTU4YECKOM pe-
KHUME SIBJISIIOTCSA KpaliHe aKTyaJbHbIMU Ha ce-
TOMHAIIHUN JieHb. Cpei OCHOBHBIX NMPUYNH
MOJKHO BBIJICIUTh KaK MUHUMYM TpPH: COBEp-
IICHCTBOBAaHUE HM3MEPUTENILHBIX CHUCTEM Ha
OCHOBE JIa36pHOM TEXHUKH, PA3BUTHE PaaUO-
(OTOHMKM U CO3JaHHE HOBBIX IPHUHIIMIIOB
(dbopmupoBanusl, npuéma U o0pabOTKU CUTHa-
noB [7]. B 4acTOTHO-CTAOMIIM3MPOBAHHBIX
Ja3epax OOIIMMU JJISt BCEX CUCTEM SIBJISIOTCS:
YaCTOTHBIM JUCKPUMHHATOP, OTCJIECKUBAIO-
masi CUCTEMa M YIPaBISIOWIMKA 31eMeHT. [Ipu
3TOM JOJTrOBpEMEHHas CTaOUJILHOCTh 4acTo-
ThI JIA3EPHOTO K3IYy4YEHHs B MOJOOHOrO pojia
cUCTeMax He JIy4llle, YeM CTaOUIbHOCTh HYJIS
ONTUYECKOI0 JMCKPUMHHATOpPA, B KauyecTBE
KOTOPOI'O MCIOJIb3YIOTCSI aTOMHBIE U MOJIEKY-
JISIpHbIE PE30HAHCHI WM, B pAIE CIIy4yaeB —
MaKCUMyMbI TPONYCKAaHUS HHTEpPEepOMET-
poB. HekoTopeie acnekTsl cTabWiIM3anuy ya-
CTOTBI OBLJIM PACCMOTPEHBI B IUIEHAPHOM JIO-
knaze npod. I'. Y. nbuna.

B Hacrosiee Bpemsi IUPOKOE MpUMEHE-
HUE B IIOCTPOEHUU pacIpeeiEHHbIX CEHCOp-
HBIX CHCTEM HaXOJAT BOJIOKOHHBIE PEILETKH
Bbparra, peanuzoBaHHble, KaK MPaBUJIO, Ha OJI-
HOMOJIOBOM ONTHYECKOM BOJIOKHE, MOCKOJIb-
Ky Moj0o0HbIM Meron (opmMupoBaHus Opor-
TOBCKHX CTPYKTYp XOpolo u3ydeH. Bmecre ¢
3THM aKTHUBHO BeIyTCs pabOThl HaJ| peaynza-
nuer moJg0OHBIX CUCTEM, pabOTaONIUX B Ma-
JIOMOJIOBOM PEXUME [8], KOTOPBIi 100aBIsieT
B IIPOCTPAHCTBO MapaMETPOB HOBOE H3MeEpe-
HUE — HampaBJsieMble MOJbl ONPEAEIEHHOTO
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nopsinka. OCOOEHHOCTH 30HIMPOBAHUSA JIAT-
YHKOB Ha OCHOBE pelérok bparra B manomo-
JIOBOM BOJIOKHE OBLJIM PAaCCMOTPEHBI B JIOKJIA-
ne npod. A.B. bypauna (III'YTN).

WuTepec BbI3BaN MJICHAPHBIN JOKJIA] Ha
Temy «OnTuyeckas perucrpanusi OBICTPBIX
KaJIBL[UEBbIX CUTHAJIOB B HEPBHBIX OKOHYAHU-
X TEIUIOKPOBHBIX M XOJIOJHOKPOBHBIX KH-
BOTHBIX». ABTOpaMHU Mpeylaraercst MeTouKa
OLIEHKU TPECUHANITUYECKOTO YPOBHS KaJIbIHs
B nepudepuiiHpIX CHHAICaX MpU pa3IHMyHbIX
(YHKIIMOHAJIBHBIX ~ COCTOSHUSIX ~ HEPBHOTO
OKOHYaHHUS C MCIIOJIb30BAaHUEM ONTHYECKOrO
WCTOYHUKA JUIMHOW BONHBI 488 HM [9].
PaGora BbINONIHEHA, B TOM YHUCIIE U B paMKax
corpynanuectea HUU TIPODXKC ¢ KUBb
KasHIL[ PAH B coBmecTHO#l naGopaTopuu
«MexaHu3Mbl nepefadyu MHGOPMaLUU B KH-
BBIX CUCTEMAaX.

UYeTblpe mocieqHUX IUIEHAPHBIX JOKJIaja
MPEACTaBISUIM  MaTepuabl  HCCIIEI0BaHUM,
MIPOBOJMMBIX B paMKax IMOJTOTOBKH JOKTOp-
CKMX JUCCepTallvi, IJIAaHUPYEMBIX K 3alluTe
corpynaukamu KHUTY-KAU B 20162017 rr.

Meto1aM UHTEppOTrany KOMILIEKCUPO-
BAaHHBIX BOJIOKOHHO-ONITUYECKUX JaTUYUKOB B
HACTOSIIIEE BpPEMsI TAKXKE YIESeTCsl MOBbI-
neHHoe BHUMaHue. CaMH TaTYMKH HAa OCHO-
Be BPb komMruiekcupoBaHsl 10 CBOEW MpUpO-
Jie, OHM CIIOCOOHBI pearupoBaTh Ha U3MEHe-
HUE IIHPOKOro CHEKTpa MapaMeTpoB: TeMIle-
paTypy, JaBJieHHE, HATSHKEHUE U IIp., YTO OC-
HOBAaHO Ha MYJbTUIUIMKAaTUBHOM YYyBCTBHU-
TeIbHOCTU pemérok. Onupasich Ha 3TU CBOU-
CTBA, CTAHOBHUTCS BO3MO>KHBIM PEaU30BbI-
BaTh JAaTYMKHU, U3MEPSIOIINE OJTHOBPEMEHHO
10 Tpéx mapameTpoB. Takum oOpas3om, Iis
IIOCTPOCHHUSI ~ COBPEMEHHBIX  BOJIOKOHHO-
ONTUYECKUX HH(POPMALIMOHHO-U3MEPUTEIb-
HBIX CHUCTEM HEO0OXOJIMMO NOCTPOEHUE HH-
TEPPOraTopoB C BBICOKON CKOPOCTBIO OIPO-
ca, pa3pellieHHeM M BO3MOXHOCTBIO pasfe-
JeHusT UHQOpMAIUU 10 Pa3IMYHbBIM Hapa-
MeTrpaM. Ocob0o mnomuépkHyTa HE0OXO0U-
MOCTb pa3paboTKH paauo(OTOHHBIX METOIOB
omnpoca JaTYMKOB, KOTOPbIE IO3BOJIST JIO-
CTHYb cKopocTH ornpoca B 50 MI' [10, 11].

B o6nactu pa3BuTHS MHMKPOBOJHOBBIX
TEXHOJIOTUH paccMaTpUBAIOTCS aJalTUBHbBIC

MUKPOBOJIHOBBIE TEXHOJIOTHYECKNE KOMILIEK-
Cbl, UMEIOIIIME B CBOEH CTPYKType pe30HaHC-
gHele CBU-maTunky Ha OCHOBE KOAKCHAJIBHBIX
ka0esell U KOMIUIAaHApHBIX CTPYKTYp C HEOJl-
HopoHOcTsMU. KoHTYyp aganTuBHOrO yrpas-
JICHUSI TEXHOJIOTMYECKUM IPOLECCOM IO03BO-
JISieT CYIIECTBEHHO MOBBICUTH KauyecTBO IPO-
U3BOJAMMOIO MpPOAYKTa HyTEM aBTOMaTHue-
CKOTO pEeryaupoBaHMs IapaMeTpoB BO3Jeil-
ctBusl. Pesonancupie CBY-maTtunku Ha OCHO-
BE KOAKCUAIbHBIX Kalesiell U KOMILIaHApHBIX
CTPYKTYp C HEOAHOPOJHOCTAMHU CTPOATCA U
IIPOEKTUPYIOTCS. Ha OCHOBE TpaHc(epTa Tex-
HOJIOTHI oNTUYeCKUX (POTOHHBIX KPUCTAJIOB
l-ro poga B MMKPOBOJIHOBBIM JUana3oH
[12, 13]. Kpome Toro, ObUIM OCBEIIEHBI BO-
MIPOCHI NPOEKTUPOBAHUSI AHTEHHBIX CTPYKTYP
C YAYyYIIEHHbIMU XapaKTEpPUCTHUKAMH IO KO-
3¢pbuULIMEHTY  yCWJIEHUsT U Juarpamme
HaIpaBJIEHHOCTH, TOCTPOCHHBIM Ha OCHOBE
Tpancdepta TexHosoruit DFB-nazepos.
CyliiecTBEHHbIE JTOCTH)KEHHS B IOBbI-
LIEHUH MOTEHIIMAaja YCTPONCTB paloCBsI3y,
MUKpPOBOJIHOBBIX TEXHOJIOTUH M TeXHUYe-
CKOM JMarHOCTUKHM OO€IIaeT MCIOIb30BaHHUE
c(OKYCHPOBaHHBIX IO IIMPOKONOJIOCHOMY
CUTHAJy aHTEHH M aHTEHHBIX pemérok. [lo-
CTOMHCTBA KOT€pEHTHOW (HOKYCHUPOBKU B
HACTOSIIIEe BPEMSI XOpOILO W3BECTHHI U YK€
HaxoJsT NPUMEHEHUE B COBPEMEHHOU pa-
JUOTEXHUKE M MHUKPOBOJHOBBIX TE€XHOJOTH-
ax. IlpakTuueckue BapuaHTbl NPUMEHEHUS
LIMPOKOMOJIOCHBIX C(HOKYCUPOBAaHHBIX aH-
TEHHBIX CHCTEM BeCbMa pPa3HOOOpa3HbI U
BKJIIOYAIOT B ce0sl 3a/1a4l TOCTAaHOBKHU TIOMEX
IYHKTaM pPaJuOCBs3H, OpraHu3aluu Iep-
CHEKTUBHBIX JIO)KHBIX aBUAI[MOHHBIX LIEJeEH,
MIPOBEJICHUS! OJIMKHETOIbHBIX aHTEHHBIX W3-
MEpeHHH, TOBbIIIEHUS  3(P(PEKTUBHOCTU
(GYHKIIMOHMPOBAHUSI MUKPOBOJIHOBBIX Te€X-
HOJIOTHYECKUX KOMILJIEKCOB U T. 1. [ 14-20].
CoBpeMeHHBIN 3Tan pa3BUTUSL Ta30Typ-
ounnbix aeurareneit (I'T1) xapakrepusyercs
TE€M, YTO HapsALy C TpeOOBaHHUSIMHU K YiIyd-
IICHUIO MX YIEJbHBIX XapaKTePUCTHK Ipo-
JOJDKAIOT pacTu TpeOoBaHUA K Oe30macHo-
cTH, O€30TKa3HOCTH M JOJTOBEYHOCTU WX
paboTel. B Hacrosiee Bpems B IpPakTUKY
skcruryatanuu I'T/] Hapsaxy ¢ cucTeMon JKc-
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IIyatanud 10 (PUKCUPOBAHHOMY peCcypcy
BHEJpsIETCS HOBasi CUCTEMa OHKCIUTyaTalluu
[0 TEXHUYECKOMY COCTOSIHUIO, I103BOJISIO-
11asi OJIHee UCIOIb30BaTh UHANBUIYaJIbHbIE
TEXHUYECKHE BOBMOKHOCTU Ka)XJ0r0  KOH-
KpeTHoro pnsuratens. lcmonb3oBaHue aky-
CTHYECKOIO0 U Ta30/JMHaMUYECKOr0 METOo/a
KOHTpPOJISL TI0 MapaMeTrpaM, U3MEpPEeHHbIM Ha
IJIOMIAM Cpe3a Coruia, Mo3BoJsieT A dek-
THBHO KOHTPOJIHMPOBATh TEXHUYECKOE COCTO-
SHUE © paboTOCMOCOOHOCTHh JIBHTATEJIS.
[IpoBenenne 3HAYUTENBHOTO 00BEMA Hayd-
HBIX HCCJEOBAaHUN 3JIEMEHTOB AaBHAlOH-
Hbix [T/l Ha cnenuanbHBIX UATHOCTHYE-
CKUX YCTAHOBKaX IKOHOMHUYECKHU BBITOIHO,
TaK KaK Ha OJHOW M TOM K€ YCTAaHOBKE MOX-
HO OJHOBPEMEHHO H3ydaTh (PU3HUECKYIO
CYLIHOCTb IPOLIECCOB U pa3palaThiBaTh Jua-
THOCTUYECKHE METOJUKH H3MEpeHus mapa-
MeTpoB [21]. OG0CHOBaHO pa3BUTHE YCTaHO-
BOK YKa3aHHOTI'O THUIIA C MCIOJIb30BaHUEM Ce-
TEBBIX CTPYKTYp BOJIOKOHHO-OTITHYECKUX
JaTYNKOB aKyCTHMUECKUX BUOpauuii [22].
[Tomumo storo, mis ydactus B padoTe
CeKIuii ObuM 0TOOpaHbl 146 MOKIAaIOB HAYyd-
HBIX COTPYIHHKOB, npodeccopcko-
MIPENoJIaBaTeIbCKOI0 COCTaBa, ACHUPAHTOB,
MaruCTpaHTOB M CTYJEHTOB W3 JIBCHAIIIATH
BY30B. Ha puc. 2 npuBoasATCS JTaHHBIE TIO YHMC-
JIy TIOJIAaHHBIX JIOKJIAJ0B U JUarpamma ux pac-
MIpeJeNICHNs TI0 HarlpaBJIeHUAM KOH(EPEHLIUH.

» MUKPOBONHOBbLIE NPOUECCHI, TEXHONOMMKM M KOMNASKCHI

» TpeHuHr u 06pasoBanme B 06nacTv paguodnsnky, GOTOHMKM M XKUBbIX CUCTEM

* QOTOHMKA
KBaHTOBaA ONTUKA ¥ KOMMYHUKALMK

s TeXHU4YECKAA INEKTPOAMHAMMKA, POTOHNKA ¥ MHOOPMATUKA XKMBBIX CUCTEM

Puc. 2. Juacpamma pacnpedenenus 00kiados
no cexyusim Il-u MHTK «Ilpuxiaonas snexmpoou-
Hamuxa, pomonura u dxncusvle cucmemovt — 2016

WuTepec K KOH(MEPEHIIMU CO CTOPOHBI
CTICMAIMCTOB, TPEICTABISIONINX HAyYHbIE
IIKOJIBI B 00JIACTH MHKPOBOJIHOBBIX TEXHO-
JoTui, (OTOHWKH, KBAHTOBBIX KOMMYHHKA-
[IUH W JKUBBIX CHCTEM, JEMOHCTPUPYET CTa-
ombHBIN pocT (150 % mo cpaBHEHHIO ¢ TIEp-
BOM KOH(EpPEHIHEH), MOCKOIbKY BCE 00JIb-
[Iee YUCIIO CTYIEHTOB M MOJIOJBIX YYEHBIX
aKTHBHO 3aHUMAIOTCS HAYYHOW [esITeIhHO-
CTBIO B YKa3aHHBIX U CMEKHBIX 00JIaCTsX.

YdaacTHUKaMH KOH(EpEeHIIMU Tpaauiu-
OHHO CTAHOBSITCSI MOJIOJIbIC YUEHBIE M CTY-
JICHTBI CO CBOMMH HAaYYHBIMH PYKOBOIUTE-
M. BO3MOXKHOCTH y3HATh O TEPCIIEKTHB-
HBIX HAYYHBIX HUCCIICIOBAHUAX, TIPOBOIMMBIX
BEIyIIUMHU YYEHBIMH CTpaHbl, OOMEH OIIbI-
TOM, CO3JIaHHE MPE3CHTAIH CTUMYIUPYIOT
JUYHOCTHBIA POCT KaXJoro ydacTHHKa. [lo
JAHHBIM IIPOBEAEHHOIO OIIPOCa, y4acTHE B
KOH(EPEHIINH TO03BOJISIET CTYJIEHTaM YyB-
CTBOBATh ceOsi 0o0Jiee YBEPEHHO TP 3aIlUTE
KYPCOBBIX M BBITYCKHBIX KBaJU(UKAIINOH-
HBIX padoT.

Puc. 3. 3acedanue cexyuii « Muxkposonoswvie
npoYeccyl, MEXHON02UU U KOMNIEKCHLY)
u « @omonukay
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[To tpaguuum QoToHHAS CEKIUs KOH-
¢depeHunu OblIa IPOBEAECHA MPU IOIEPK-
ke Onruueckoro oOmecTBa AMEpUKU
(OSA) u Poccuiickoro ontuyeckoro oOrie-
crBa uMm. JI.C. PoxnecrBenckoro (ROS).
Crynenueckass ontuueckas saeitka KHU-
TVY-KAMW aktuBHO y4yacTByeT B paboTe Bcex
KOH(EpEeHIMH, KOTOpble MPOBOIAT (HOTOH-

HbII KOHcOpuuyM By30B [loBomxbs: Y hum-
CKUI aBHALlHOHHBIM IOCYAapCTBEHHBIN TEX-
HUYEeCKH yHuBepcurer, [loBoipKckuii ro-
CyIapCTBEHHBI YHUBEPCUTET TEIEKOMMY-
Hukanuid u  uHbopmatuku, KazaHckuii
HAIlMOHAJIBHBIA MCCJIENOBATEIIbCKUI TEXHHU-
yeckuii ynusepcuter uM. A.H. Tynonesa-
KAWU [23].

Pabora BbhImOTHeHA NMpU (PMHAHCOBOIH moaaep:kke MuHHcTepcTBa o0pa3oBaHuss M Hayku Poccuii-
ckoii Menepanyu B paMmkax npoexkTHoii yactu I'ocyaapcTBennoro 3aganus 3.1962.2014/K.
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ABSTRACT
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NHO®OPMAIUA AJ151 ABTOPOB

Penaxuus xypnana «BectHuk IToBomkcKkoro rocyJapcTBeHHOT0 TeXHONOrn4eckoro yausepeuteT. Cepust: «PaguoTeXHudeckue u
MH(POKOMMYHHKAIIMOHHbBIE CHCTEMBD) TIPUHUMAET K ITyOIMKALUK CTaTbH, COOTBETCTBYIOIINE MPOGUITIO U3JIAHUS IO PyOpHUKaM:

«TeneKOMMYHHKALMH U PAJMOTEXHHKA» — IyOIMKYIOTCS OpUI'MHAJIbHBIE PE3YJIbTAaThl MCCIIEAOBAaHHM, HAIPABICHHBIX Ha
co3iaHue U obecredyeHne QyHKIMOHUPOBAHUS YCTPOHCTB U CUCTEM, OCHOBAHHBIX Ha MCIIOJIb30BAHHU IEKTPOMArHUTHBIX Kojeba-
HUW ¥ BOJIH M IIPEJHa3HAYCHHBIX Ul Hepenadd, mpuemMa U oopaboTku MH(GOpMAIMH, MONy4eHuss HHGOopMaun 00 OKpy)KaromieH
cpelie, IPUPOIHBIX M TEXHHMYECKHX o0bekTax. Kpome Toro, pesynbTaThl MCCIIEIOBAaHUI 10 aBTOMATH3UPOBAHHBIM CUCTEMaM pac-
npezeneHHoi 00padoTku HHGOPMaLUH, TEOPETHYECKUM OCHOBAM MOCTPOCHHUS, (PyHKIIMOHUPOBAHUS M UCIIOIb30BAHUS KOMIIBIOTEP-
HBIX CeTeH pas3an4yHoro MaCLLITa6a, BO3MOXHOCTAM HX pe€aJin3allui Ha OCHOBE 6a30BbIX TEXHOJIOTHH U CTaHAapTOB.

«BbIMHCINTEIbHASI TEXHHKA H HH(POPMATHKA» — ITyOJIMKYIOTCSl OpUTHHAJIBHBIE Pe3yJIbTaThl UCCIIeIOBAaHUH, HAMPABICHHBIX HA CO-
371aHHE IEKTPOHHO-BBIYMCIUTENBHBIX YCTPOHCTB, CUCTEM M CeTel, aBTOMaTH3HUPOBAHHBIX CUCTEM 00pabOTKU MH(MOPMALIUM U YHPABICHHU,
CHUCTEM aBTOMATHU3UPOBAHHOI'O IIPOCKTUPOBAHUSA, IIPOrPAMMHOI0O 066Cl'le‘leHl/I$[ BBIYHCITUTEIBHON TEXHUKH U ABTOMATU3HMPOBAHHBIX CUCTEM.

«JIEKTPOHMKA» — IMYOIUKYIOTCS OpUTHHAJbHBIE PE3YJbTAThl MCCIEIOBAHUN MO (DU3MYECKUM OCHOBAM PA3IMYHBIX THIIOB
pHOOPOB, 10 YIYUIISHHIO UX MOJENEH, XapaKTepUCTHK, IAPaMETPOB M PEKUMOB PadOThl B PAJMOTEXHHUYECKHX YyCTPOHCTBAX pas-
JIMYHOI'O HA3HA4YCHUA. Kpome TOro, N0 Hay4YHOMY 060CHOBaHI/I}O HOBBIX TEXHOJIOTUI IIPOMU3BOACTBA MUKPO- U HAaHOJJIEKTPOHHBIX
1/13z[en14171, IPUHIOUIIOB ITOCTPOCHHUS UHTErPAJIbHBIX CXEM, 110 UCCICAOBAHUIO MEXaHU3MOB BJIUSHUS yCJ'[OBI/lﬁ OKCIUTyaTalluul Ha pa6o-
Ty aKTHBHBIX IPUOOPOB, MUKPO- U HAHONIEKTPOHHBIX U3/IEJIHH.

«HoBuHKH TexHHUKHU H TexHouoruii. O630pbl. Kondepenuuu. BaxHbie 1aThD» — MyOJIHKYIOTCS CTaThi, 0030pHas UHOp-
Malys 110 OT/JeJIbHBIM IPOOIEMHBIM BOIPOCAM TEXHUKH M TEXHOJIOTHH, KpaTkast HHPOPMAIHs O JaTaX, COOBITUAX, KOH(EpeHIUsX, a
TaKOKe PELleH3MH Ha Hay4YHbIE PA0OTHI 110 TEMATHKE CEPUU.

CraTbs JOJDKHA COACPIKATh TOJIBKO OpI/IFI/IHaJ'IbeIl‘/II MaTepuai, 0Tpa>1<a}0Lum71 PE3yIbTAaThI 3aBEPUICHHBIX ]/ICCJ'leL[OBaHI/II\/’I aBTO-
poB, 00bEMOM 6—15 cTpaHuL, BKIIOYAst PUCYHKH.

K meuaty npyHMMAIOTCS MaTepUabl, KOTOPBIE HE OIyOJIMKOBAHBI U HE IIepe/laHbl B IPyrHue Pelakiuu. Pykonucu npoxonsr oos-
3aTeNbHOE peLieH3UpoBaHue. B «BecTHUKE ...» 1eYaTaloTCcst TOIbKO CTAaThU, IOMYyYHBILIHNE HOIOKHUTEIbHBIC PELCH3HN.

OTKJIOHEHHBIE B Pe3yJIbTaTe PELCH3NPOBAHHS MATEPUAIbl BO3BPALIAIOTCS B OJHOM JK3EMILIIPE (C MPUIIOKEHUEM KOIUH PELICH3UH).

TpeGoBaHusi K OPUTHHAJIAM IPe0CTABJIsIEMBIX padoT

Cmpykmypa HayuHou cmamovu

1. Annoranus (3—4 npeuioxKeHus).

2. KiroueBslie cioBa Wi cioBocoderanus (He 6onee 10) oTaenstoTest APYT OT Apyra TOYKOM € 3armsToil.

3. BBenenue (OLEHKa COCTOSHHSI BOIPOCA, OCHOBaHHAs Ha 0030pe JIMTEepaTypbl C MOTHUBALUEH aKTYaJbHOCTH; BBISBICHHOE
IPOTHBOpEYNE, TO3BOJIsIoNIee CHOPMYITUPOBATH TPOOJIEMHYIO CUTYALUIO).

4. Ilesnb paboThl, HANIpaBJICHHAS Ha IIPEOJI0JIEHUE TPOOIeMHOM cuTyauuy (1-2 npeayoxenus).

. Permaemble 3a1aun, HanpaBJIeHHbIE HA JOCTH)KEHHUE LIENH.

. MaremaTnueckoe, aHAIUTUYECKOE HIIM HHOE MOJSIIMPOBAHHE.

. TexHuka OKCIIEPUMCHTA U METOANKa 06pa60T1<1/1 WJIM U3JI0KCHUE UHBIX ITOJYYCHHBIX PE3YJIbTATOB.

. Wntepnperaiys pe3ynbTaToB WM UX aHAJIU3.

. BbIBOI[bI, OTpakarore HOBU3HY IOJIYYCHHBIX PE3YyJIbTATOB, ITOKa3bIBAIOIIUX, YTO 11€JIb, [IOCTABJICHHAS B pa60Te, JAOCTUTHYTA.

Tpebosanus k opopmueruro cmamou

CraTbs JOIDKHA OBITH MPEIOCTABIICHA B AJICKTPOHHOM BHUJIC M KOMITBIOTEPHOMH pacnedatke (2 9k3.) Ha Oymare ¢popmata A4. Ilpudr
Times New Roman, pasmep mpudra 12 nt, MeXCTpOUHBIH MHTEpBaI OAMHAPHBIN. [lomst: BHYTpH — 2 cM, BepXHee, HHXKHEe, CHApyXH — 3
CM (3epKaJIbHBIE 110J151), a03aLHbI OTCTYII epBOi cTpoku Ha 0,75 cm.

Ha niepBoii crpanmie cratbu cieBa nedaraercs ¥ K (pasmep mpudta 10 nr, npsmoii, cBetsslii) 6e3 or-cryna. HasBanue cratbu
niedaTaercs 10 LeHTpy (pasmep mpudra 14 nt, npsmo, oIy KUPHLIH, ponucHoi). Huke, o LeHTpy — HHUIMANb], paMums aBTopa
(pa3mep mwpudTa 12 nt, Kypcus, noiyxupusiii). ITocne Gpamu-nuii aBTOpoB yKkas3pIBaloTCs MecTa paboThI: MepBasi CTPOKAa — Ha3BaHHUE
OpraHM3alliy, BTOpasi CTPOKa — MOUYTOBBIH anpec (pa3mep mpudta 10 nr, npsmoit). ITocne anpecoB ykasbiBaeTcsl HIEKTPOHHBIN apec
KOHTaKTHOT'O aBTOPA.

Jlanee pa3Meruaercst aHHOTal¥s (BbIpABHUBAHUE 110 IIUPUHE, pa3Mep mpudTa 10 1T, Kypcus, OTCTYI cieBa U crpasa 1 cM). AHa-
JIOTHYHO OOPMIISIOTCS KIIIOUEBble cioBa. KioueBble cloBa CTAaThbH IPENOCTABISIOTCS HA PYCCKOM U aHIIIMHCKOM s3blkax.Taioke
HE0OXOAMMO NPEAOCTaBUTH ABTOPCKOE Pe3l0Me CTaThH Ha PYCCKOM U aHTJIMHCKOM SI3bIKAX.

ABTOpCKOE pe3toMe JTOJDKHO M3JIaraTh CyIIeCTBEHHbIC (DaKkThl pabOThI, M HE OJDKHO MPEyBEINYMBATh MM COIEpKaTh Mate-
pHa, KOTOPBI OTCYTCTBYET B OCHOBHOH yacT myOnukanuu. CTPYKTypa pe3loMe J0JKHA BKJIIOYATh BBe/leHHUe, LeJIH U 3a1a4H,
METO/IbI, Pe3yJIbTAaThl, 3aK/JII0YeHHe (BBIBOAbI H NPAKTHYECKAsl 3HAYUMOCTE). O0beM TeKCTa aBTOPCKOIo pe3loMe He MeHee
250-300 cios.

Cnucok aurepaTypbl 0hOpMIISIETCs] COTJIACHO TTOPS/IKY CCBUIOK B TEKCTE (TJ/Ie OHM YKa3bIBAIOTCSl B KBAJPATHBIX CKOOKAxX) W
obs3atensHo B coorBerctBuu ¢ 'OCT 7.0.5-2008.

CchblIKH Ha Heony0JIMKOBaHHbIE Pa00OThI He J0NMYCKAIOTCS.

Cratbs 10oJDKHA OBITH TOANMCaHa aBTopoM(ami). ITocne moanucu aBTopa U IaThl YKa3bIBAIOTCS €ro (haMiius, UMs, OTYECTBO
(TIOJIHOCTBIO), y4eHasi CTENeHb, JOJDKHOCTb, MECTO PadoThl, 00JaCTh HAYYHBIX MHTEPECOB, KOJIMYECTBO ONYOJIMKOBAHHBIX padoT,
TenedoH, e-mail, JomanHui agpec.

K cratbe mpuiiaraiorcs clieayionye J0KyMeHTbI: aBTOPCKOE 3asBJICHUE C YKa3aHUEM PYOPUKH JKypHaja; SKCIEePTHOE 3aKIIIOo-
YEeHHE O BO3MOXKHOCTH OIYOJIMKOBaHUS;

MarepuaJibl, He COOTBETCTBYIOIIHE BbIIIEYKa3aHHBIM TPeOOBAHUAM, He PACCMATPUBAIOTCS.

Anpec s nepenucku: 424000 1710Lm<ap-0na, . Jlennna 3, I[IT'TY,

penakuys xxypHana «Bectauk II'TY», e-mail: vestnik @volgatech.net

[Tnata 3a myGIUKanuIo pyKonuce He B3UMAETCS.

Iloopobuee — na caiime III'TY: hitp://www.volgatech.net
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IMonnucka Ha )xypHau ocyniecTBisiercs o «O0beanHeHHOMY Katajory. [Ipecca Poccun. 'azetst u XKypHanb» (momuc-
HO# uHaexc 42916, temaTuueckuii ykasarens: Hayuno-rexuuueckue nznanus. Mssectus PAH. U3Bectus By3oB).



