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UHCTUTYTY PAJUOBJIEKTPOHUKU, ®OTOHUKU U LIUDPOBbIX
TEXHOJIOT UM - 70 JIET
A.®. Haoees, /1.11. lanunaes, O.1" Moposzoe, A.P. Haceibyninun, P.P. @atizyniun,
.B. Hlaxmypun

AHHOTALMSL. Buenpenne PanHuOdIEKTPOHUKY, (doroHuKwY,
WH(POKOMMYHHKAIIMOHHBIX ~ TEXHOJIOTMH BO Bce Ccdephl  YeIOBEUYECKOU
JeSTEILHOCTH 00ECIeumIo CTpeMUTENbHbIE M3MEHEHHs Hallero oOImecTBa 3a
MOCIEHNE JIECATUIIECTHS. YMHBIE DIIEKTPOHHBIE YCTPONCTBA, MOOWIIbHASI CBSI3b,
BBICOKOCKOPOCTHOM HMHTEPHET CTaJIM HEOTHEMJIEMOW YacThi0 ITOBCEIHEBHOU
YKU3HU U KITI04YEBBIM (pakTopom pa3Butusi. CyliecTBEeHHBIN BKIIAJl B UX Pa3BUTHE, C
MOMEHTa OcCHOBaHUA B 1952 romy, BHOCHT HWHCTHTYT pPaIrdOdJICKTPOHUKH,
(OTOHUKH ¥ TUPPOBBIX TEXHOIOTHH.

KuaroueBbie cioBa: Pagnosnexkrponnka, ¢GoTOHUKA, WH(HOKOMMYHHKAIIMOHHBIE
TEXHOIIOTUH, IIU(PPOBBIE TEXHOIOTHH.

INSTITUTE OF RADIOELECTRONICS, PHOTONICS AND DIGITAL
TECHNOLOGIES - 70 th ANNIVERSARY
A.F.Nadeev, D.P. Danilaev, O.G.Morozov, Nasybullin A.R., Faizullin R.R.,
Shakhturin D.V.

Abstract. The implementation of radio electronics, photonics, info-
communication technologies in all spheres of human activity has provided
rapid changes in our society over the past decades. Smart electronic devices,
mobile communications, high-speed Internet have become an integral part of
everyday life and a key factor in development. A significant contribution to the
solution of these problems, since its foundation in 1952, has been A significant
contribution to their development, since its foundation in 1952, has been made
by the Institute of Radio Electronics, Photonics and Digital Technologies.
Keywords: Radio electronics, photonics, infocommunication technologies,
digital technologies.

KADEJIPE PAIMOSJIEKTPOHHBIX U TEJJEKOMMYHUKAIIMOHHBIX
CUCTEM KHUTVY-KAU — 70 ner
A.®. Haoees, I'U. ll]epbaxos, FO.E. CedenvHuxos

AnHoranus. Jlana oOmiasi XxapakTepucThKa y4eOHO-TIeNarornuecKoil U HAyIHOM
JeATeIbHOCTH Ka(eapsl pagrodIeKTPOHHBIX U TEIEKOMMYHUKAIIMOHHBIX CHCTEM
CO BpEeMEHHU ee 00pa30BaHMs U 0 CEroAHAMHUX qHEH. [IpencraBinensl HEKOTOphIe
pe3yabTaThl Hay4YHBIX HCCIEAOBAHMM, BBIIOIHSBLIMXCS COBMECTHO C JAPYTUMH
cTpykrypHbiMu niofpasneneHusMun KHUTVY-KAW no 3aka3y HpOMBIIIIIEHHBIX
HOPENNpUATUNR  PaJUO3IEKTPOHHOM, KOCMHUYECKOM M aBHALMOHHOM OTpacieil.
KioueBble ciioBa:  paguodNeKTpPOHUKA, TEIEKOMMYHHKALlMHM, AHTEHHBI,
“H(OpMAIOHHBIE CHCTEMBI, 00pa0O0TKa CUTHAJIOB.

DEPARTMENT OF RADIO-ELECTRONIC AND
TELECOMMUNICATION SYSTEMS KNRTU-KAI — 70th
ANNIVERSARY
A.F. Nadeev, G.I. Shcherbakov, Yu.E. Sedelnikov

Annotation. A general description of the educational, pedagogical and
scientific  activities of the Department of Radioelectronic and
Telecommunication Systems from the time of its formation to the present day
is given. Some results of scientific research carried out jointly with other
structural subdivisions of KNITU-KAI by order of industrial enterprises of the
radio-electronic, space and aviation industries are presented.

Key words: radio electronics, telecommunications, antennas, information
systems, signal processing.




OT MUHUMAIJIN3MA KA®E/PbI TEJIEBUJIEHWS Y MVYJIBTU-
MEJIUNHBIX CUCTEM K DKOCUCTEME KA®E/IPbI PAITUODPOTOHUKU
1 MUKPOBOJIHOBBIX TEXHOJIOI' IA:

2022 —- CMEHA TTOKOJIEHUI
O.I" Mopo3os

AnHoranus. [laHa oOIiasi XxapakTepuCTUKa Y4eOHO-TIeNarornyecKol U Hay4HOM
JeITeIbHOCTH Kadenpsl PajuoPOTOHUKA W MHUKPOBOIHOBBIX TEXHOJOTMHA B
OT/AEIbHBIE TEpHOAbl ee pa3BUTHA. IIpencTaBieHbl HEKOTOpPBIE PE3YIBTATHI
MIPOBOSIIIUXCS W TIOCTAHOBKH 3a]1a4 MEPCIEKTUBHBIX HAYYHBIX HCCIICTOBAHUH,
BBITIOJTHSAIONIUXCS B KOOMEPAlUA C APYTUMHU CTPYKTYPHBIMH TOApPAa3ICICHUSIMHU
KHUTY-KAW, o00pa3oBaBIIMMH  3KOCHCTEMY  KadeIpbl: TPEXypOBHEBOE
oOpa3oBanue — (QyHAZaMeHTaNbHAas W TpUKIAAHAs Hayka — HAyIHO-
MIPOMBITIICHHBIN B 00pa30BaTEIbHBIA KOHCOPIIMYM OpTaHU3aIliii TapTHEPOB.
KaloueBble ci1oBa: TeneBUaeHNE, MYITHUMEINHHBIE CHUCTEMBI, pantno(oToHHKa,
MUKpPOBOITHOBBIE =~ TEXHOJIOTHH, BOJIOKOHHas ceHcopuka, CBY-cencopuxka,
KBaHTOBBIE TEXHOJIOTHH.

FROM THE MINIMALISM OF THE DEPARTMENT
OF TELEVISION AND MULTIMEDIA SYSTEMS
TO THE ECOSYSTEM OF THE DEPARTMENT
OF RADIO-PHOTONICS AND MICROWAVE TECHNOLOGIES:
2022 - GENERATION CHANGE
0.G. Morozov

Annotation. A general description of the educational, pedagogical and
scientific activities of the Department of Radiophotonics and Microwave
Technologies in certain periods of its development is given. Some results of
the ongoing and setting of tasks for promising scientific research are presented,
carried out in cooperation with other structural divisions of KNRTU-KAI,
which formed the ecosystem of the department: three-level education -
fundamental and applied science - scientific, industrial and educational
consortium of partner organizations.

Keywords: television, multimedia systems, radio photonics, microwave
technologies, fiber sensing, microwave sensing, quantum technologies.

KADEJIPA «<HAHOTEXHOJIOT U B DJIEKTPOHUKE»
P.P. @aiizynnun, A.A. Manvyes, 3.P. Houamynnog

AHHoTanus. B crarbe maercs o0mas xapakTepruCcTHKa yaeOHO-TIeNarornieckoi
Hay9YHO-HCCIIEIOBATEIbCKOW  AedaTenbHOCTH  Kadenpsl «HaHorexHOmormu B
ANIEKTPOHUKE», MPOCIESKUBAIOTCS KITIOUEBBIE MOMEHTHI Pa3BUTHS Kadeaphl.
OTMedeHbl OCHOBHBIE HAIPaBIICHHS HAYyYHO-HCCIIEIOBATENHCKON JEATEIbHOCTH.
[IpencraBnensr Hanbonee 3HAYUMBIE PE3yTBTATHl HAYYHBIX UCCIEIOBAHUN.
KiroueBble cji0Ba: MUKPOAJIEKTPOHUKA, PATHOTEXHIUKA, HAHOTEXHOIOTHH.

"NANOTECHNOLOGIES IN ELECTRONICS" DEPARTMENT
R.R. Faizullin, A.A. Maltsev, Z.R. Idiatullov

Annotation. The article gives a general description of the educational,
pedagogical and science research activities of the Department of
Nanotechnology in Electronics, traces the key points in the department
development. The main directions of science research activity are marked. The
most significant scientific research results are presented.

Keywords: microelectronics, radio engineering, nanotechnologies.

LII/IQ)POBOfl I[BOﬁHHK JATUNKA ®ABPU-IIEPO
JUIS1 KOHTPOJIA KOHLEHTPALIMY ITAPHUKOBBIX TA3OB
A K. Caxabymounos, B.A. Augpunocenmos, O.1. Moposos, 10.A. Tynaxosa,
M1 Hanunaes, U.U. Hypees, A.A. Ky3neyos, K.A. Jlunamnuxos,
A.P. Hlazuoynaun, K1 Kapumos, C.M.PX. Xycceuin, b.U. Banees

AHHOTaIII/Iﬂ. B pa60Te npeacraBjiCeHa MATEMAaTHYICCKaA MOACIIb OIITOBOJIOKOHHOT'O
JaTdyuKa (I)a6pH—Hep0, PCATN30BAHHOTO Ha TOPLEC OINTHYCCKOI'O BOJIOKHA ITYTEM
HaHECCHUS TOHKOU HOJIPIMepHOfI TJICHKW C YYBCTBUTCIIBHOCTBKO K KOHICHTPpAIN

DIGITAL TWIN OF THE FABRY-PEROT SENSOR
FOR GREENHOUSE GAS CONCENTRATION MONITORING
A.Zh. Sakhabutdinov, V.A. Anfinogentov, O.G. Morozov, Yu.A. Tunakova,
M.P. Danilaev, L.I. Nureev, A.A. Kuznetsov, K.A. Lipatnikov,
A.R. Shagidullin, K.G. Karimov, S.M.R.H. Hussein, B.1.Valeev

Annotation. The paper presents a mathematical model of a Fabry-Perot fiber-
optic sensor implemented at the end of an optical fiber by depositing a thin
polymer film sensitive to the concentration of greenhouse gases. Verification




MapHUKOBBIX Ta30B. [IpoBeneHa Bepu(UKalUs MaTeMaTHYSCKONH MOACTH C
pe3yapraTaMi HaTYpPHBIX SKCIIEPUMEHTOB M JAHHBIMH APYTUX aBTOPOB C IIEIBIO
KCIIOB30BaHUS €€ B KaYeCTBE IIU(PPOBOro JBOWHUKA YyBCTBUTEILHOTO 3JIEMEHTA
natauka. [IpoBeneHHBIC YWCICHHBIE W HATYPHBIE SKCIIEPUMEHTHI IO3BOIUIIH
c/IeaTh BBIBOJ O MEPCIICKTUBAX MPUMEHEHHUS ONTOBOJIOKOHHBIX AaTYUKOB Dadpu-
ITepo nnst KOHTPOJIS M aHATU3a KOHIEHTPAIMHA TMAPHUKOBBIX Ta30B (YTJICKUCIIBIMA
ras, METaH W 3aKUCh a30Ta), B aTMocepe NPU COOTBETCTBYIOIIEM BBIOOpE
TIOTJIOIIAIOIIETO MaTepralia YyBCTBUTEIBHOTO 1eMenTa. [lokazano, 4To pearbHO
JOCTIDKMMBIA TIpENed pa3peliaromield CIOCOOHOCTH IO3BOJISET OMPEIeisTh
W3MEHEHHE TUAICKTPUIECKON TPOHUIIAEMOCTH TTOTMMEPHOM TJICHKH B YETBEPTOM
3HaKe MOCJIE 3aMsATOM.

KuaroueBble cj10Ba: ONTOBOJIOKOHHAS CEHCOpPHAs cucreMa, HHTepdepoMerp
®abpu-Ilepo; aHanM3 KOHIEHTPAIMM TAPHUKOBBEIX Ta30B; MaTeMaTHUCCKas
MOJIEITb; ITU(POBOM JIBOMHUK.

of the mathematical model with the results of full-scale experiments and data
of other authors was carried out in order to use it as a digital twin of the
sensitive element of the sensor. The numerical and natural experiments carried
out made it possible to draw a conclusion about the prospects for the use of
fiber-optic Fabry-Perot sensors for monitoring and analyzing the concentration
of greenhouse gases (carbon dioxide, methane and nitrous oxide) in the
atmosphere with an appropriate choice of the absorbing material of the
sensitive element. It is shown that the really achievable limit of resolution
makes it possible to determine the change in the dielectric constant of a
polymer film in the fourth decimal place.

Key words: fiber optic sensor system; Fabry-Perot interferometer; greenhouse
gas concentration analysis; mathematical model; digital twin.

OIITUYECKUK METO/I OIIPEJIEJIEHU S TNIOTHOCTU
HAHOYACTUI] T10 TIOCTOSTHHOM BPEMEHM CEJMUMEHTAIHA
Xyccenin Capaa Moxammeo Puoxa Xyccevin, K.I. Kapumos, b.H1. Banees,

Moxammeo P. T. M. Kauo, M.IlI. Caraxymounos, A.7K. Caxabymounos

AHHOTauMsl. B crarbe mpemmokeHa MareMaTHUecKas MOACTb H3MEPEHHS
IJIOTHOCTH TIOTUMEPHBIX YACTHIl, WCIONB3YEMBIX B Ka4eCTBE HAIONHUTENS B
KOMITO3UTHBIX MaTepuanax. Maremarndeckas MOIENb OMUCHIBAET CBSI3b MEXKIY
IIOCTOSSHHOM BpEMEHH CEAMMEHTAIINH, TUIOTHOCTBIO W BS3KOCTBIO JKHIKOCTH,
IJIOTHOCTBIO M pa3MepaM{d dYacTHI[ B TIPOIleCC€ WX CENUMEHTAIuu. Momenb
VYUTHIBAECT BIHUSHUE CHII TSDKECTH, THAPOCTATHYECKOW MOABEMHOW CHIIBI, CHJI
COIPOTHBIIEHUS JABIDKEHHIO. KOHIIEHTpamus dYacTWIl OIEHHBAETCSd Ha OCHOBE
MOJENUPOBAHUS  PAJIEEBCKOTO  paccesHus.  [lomydeHBl — aHANMUTHYECKHE
3aBUCHMOCTH, TIO3BOJISIIOIIME OIEHUTh IUIOTHOCTh YAaCTHI[ TPH HM3BECTHBIX
pasMepax J4acTHUI] WIH pa3Mepbl YacTHUIl IPH U3BECTHON WX TUIOTHOCTHA Ha OCHOBE
AKCIEPUMEHTAIIEHO OMPEAEsIeMOi TTOCTOSHHOW BPEMEHH CETUMEHTAITHH.
KaroueBble cjioBa: cequMEHTANNS, OCAKJCHNUE YACTHIl B XKUIKOCTH, U3MEpPEHNE
MOJIEKYISIPHOW MacChl, W3MepeHHe HaHOYACTHUI], W3MEpPEHHE KOHIICHTPAIlUH,
PAJIeeBCKOE paccesHue.

OPTICAL METHOD FOR NANOPARTICLES DENSITY
DETERMINATION BY SEDIMENTATION TIME CONSTANT
Hussein Safaa Mohammed Ridha Hussein, K.G. Karimov, B.1. Valeev,
Mohammed R.T M. Kaid, M.Sh. Salakhutdinov, A.Zh. Sakhabutdinov

Annotation. The article proposes a mathematical model for measuring the
density of polymer particles used as a filler in composite materials. The
mathematical model describes the relationship between the sedimentation time
constant, the density and viscosity of the liquid, the density and size of particles
in the process of their sedimentation. The model takes into account the
influence of gravity, hydrostatic lift, and resistance to movement. The particle
concentration is estimated based on the simulation of Rayleigh scattering.
Analytical dependences have been obtained that make it possible to estimate
the density of particles at known particle sizes or particle sizes at a known
density based on the experimentally determined sedimentation time constant.
Key words: sedimentation, sedimentation of particles in liquid, measurement
of molecular weight, measurement of nanoparticles, measurement of
concentration, Rayleigh scattering.




HMHTEI'PAJIBHAS TIPOTUBOOBJIEJJEHUTEJIbHASL CUCTEMA C
HATPEBATEJIbHBIMU 3JIEMEHTAMU HA OCHOBE
OJIMCUIIOKCAHOBOM KOMITO3ULIMH
M1 {anunaes, H.B. [lopoeos, C. A. Kapanoawos, B.A. Kyxaun

KiroueBble  cioBa:  MHTerpaibHasi — MPOTHBOOOIEIACHUTENbHAS
3HEProdHPEeKTUBHOCTD, MOJIMCUIIOKCAHOBAST KOMITO3UIIHSL.
AnHHOTAIM. ITomyuensl XapaKTEePUCTUKU HMHTErpajibHOU
MPOTUBOOONEACHUTEIPHONH  CUCTEMBI € HarpeBaTelibHbIM  JJIEMEHTOM,
BBIIOITHEHHBIM Ha OCHOBE ITOJIMCUIIOKCAHOBOM KOMITIO3UIIUH. HOKa3aHO, 9TO TaKOU
HaI‘peBaTe.HBHBIfI DJIEMEHT II03BOISAET OOECIIEUUTHL BBICOKME MEXAHUYECKHE
XapaKTEPUCTUKHU (CTOMKOCTh K HCTUPAHUIO, AAre3usl K YIIIEIJIACTHKY) B IIMPOKOM
nmuama3zone temmeparyp [-50+100]oC. VnenbHast cpemHss MOIIHOCTh 00OrpeBa
TaKOT0 HArpeBaTeIbHOTO JIEMEHTa COMOCTABUMA C COOTBETCTBYIOIINM 3HAYCHUEM
JUTS HarpeBaTeNbHOTO AJIEMEHTA, BBITOIHEHHOT0 13 (propormacta Mmapku -4 CSC
1.2.

CHCTEMA,

INTEGRAL ANTI-ICE SYSTEM WITH HEATING ELEMENTS BASED
ON POLYSILOXONE COMPOSITION
M.P. Danilaev, N.V. Dorogov, S.A. Karandashov, V.A. Kuklin

Key words: integrated anti-icing system, energy efficiency, polysiloxane
composition.

Abstract. The characteristics of an integral anti-icing system with a heating
element made on the basis of a polysiloxane composition are considered in that
paper. It is shown that the heating element from polysiloxane composition has
the high mechanical properties (abrasion resistance, adhesion to carbon fiber)
in a wide temperature range [-50+100]°C. The experimental results are
showing that the average heating power of such a heating element is
comparable to the corresponding value of the heating element from F-4 CSC
1.2 fluoroplast.

I[TPOLIECC I1OJIY ‘{EHHH METAHOIJIA 13 ITPUPOJJHOI'O T'A3A T10/]
BO3IENCTBUEM JIABEPHOI'O U3JIYUEHUA
JI.I Kecenw, B.A. Munouxun, b.A.Kecenv

AnHoTauusi: B pabore BrITONHEHA OIleHKa JHEProdd(GHEKTUBHOCTH Iporiecca
MOTYYEHHUS] METAHONA M3 TIPUPOIHOTO T'a3a MO JCHCTBUEM Ja3epHOro H3ITydeHUs
U CpaBHEHHE ¢ DHEprodhPEeKTHBHOCTHIO IIPOBEACHHS TOXOOHBIX IIPOIIECCCOB
TPaJUIIMOHHBIMHA METOIAMH.

KawueBble cioBa: TpUPONHBIN Ta3, METAHON, TEPMOXUMHYECKHE DPEaKIUH,
Na3epHOe H3IyYeHUE, KBAHTOBO-XUMHUECKHI peakTop, 3HeprodddexkTuBHOCTH
TEXHOJIOTHYECKOr0 Mporiecca.

PROCESS FOR PRODUCING METHANOL FROM NATURAL GAS
UNDER THE INFLUENCE OF LASER RADIATION
L.G. Kesel 1, V.A. Milochkinl, B.A. Kesel

Abstract: The paper assesses the energy efficiency of the process of obtaining
methanol from natural gas under the action of laser radiation and compares it
with the energy efficiency of carrying out such processes by traditional
methods.

Key words: natural gas, methanol, thermochemical reactions, laser radiation,
quantum-chemical reactor, energy efficiency of the technological process.
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KADEJIPA PAI[I/IO?HEKTPOHI/IKI/I U UHO®OPMAIIMOHHO-
N3MEPUTEJIbBHOU TEXHUKU: BUEPA, CETOJIHS, 3ABTPA
FO.K. Esooxumos

AnHoTanus. B cratse nznoxena ucropus kagenper PUNUT, xoropast co BpemeHH
OCHOBaHHMSl o0OecreyrBaeT IpernojaBaHWe JAUCHMIUIMH,  3aKJIAJbIBAIOLINX
npodeccuoHaNbHbIN (yHAAMEHT MMOATOTOBKY PaAXOUHKEHEPOB, - OCHOBBI TEOPHH
Lenel, pagloTeXHUYEeCKUEe e M CUTHAJIbI, 3JCKTPOHHBIE MPHUOOPBI U OCHOBBI

DEPARTMENT OF RADIO ELECTRONICS AND INFORMATION-
MEASURING EQUIPMENT: YESTERDAY, TODAY, TOMORROW
Yu.K. Evdokimov

Annotation. The article describes the history of the RIT department, which
since its foundation provides teaching of disciplines that lay the professional
foundation for the training of radio engineers - the basics of circuit theory, radio
circuits and signals, electronic devices and the basics of microelectronics,




MUKPO3JEKTPOHUKH, JJIEKTPOHUKA U  PAaJUOVIEKTPOHUKA, METPOIOTHS MU
panuousMmepeHuss W JAp. PaccMmarpuBaroTCs Hay4yHbIE [IOCTHXKEHHS, BBICOKHMM
Hay4HBId M oOpa3oBarenbHbId moTeHIMan kadeapsr PUUT, mosBomsromue ee
KOJUIEKTUBY YBEPEHHO IBUTAThCS BIepel B AMHAMUYHBINA 3aBTpPAIIHUN JIEHb,
CBsI3bIBAsl CBOE JajbHeiillee pa3BUTHE B 00pa3oBaTeNbHOM W HAydHOH
JeATEIbHOCTH C 001acThl0 CO3JaHMs KUOep(HU3NUECKUX U WHTEIUIEKTyalbHBIX
CHCTEM Ha OCHOBE MUKPOBOJTHOBOW M KBAHTOBOW 00paOOTKH CHUTHAIIOB.
KawueBble  coBa: paguioTeXHUKA, PaTUOIIEKTPOHNKA,  WHPOPMAIMOHHO-
M3MepUTENbHAs TEXHUKA.

electronics and radio electronics, metrology and radio measurements, etc.
Scientific achievements are considered. , high scientific and educational
potential of the RIIT department, allowing its team to confidently move
forward into a dynamic tomorrow, linking their further development in
educational and scientific activities with the creation of cyber-physical and
intelligent systems based on microwave and quantum signal processing.

Key words: radio engineering, radio electronics, information-measuring
equipment.

JIMHAMUKA OBPA3ROBATEJIbHBIX TPAEKTOPUI KA®E/IPhI
OJIEKTPOHHBIX 1 KBAHTOBBIX CPEJICTB IIEPEJJAUN
NHOOPMAILINUN
11 Jlanunaes, M.I1. Jlanunaes

AnHotraumusi. Jlama  o0mas  XapakTepucTHKa  y4eOHO-TIeAarormuecKoi
JeSITeTbHOCTH  Kadenphl DIIEKTPOHHBIX M KBAaHTOBBIX CPEACTB Iepeaadu
vH(OpMaIUK C Y4E€TOM TEHACHIWH Pa3BUTHS PaJUOIIEKTPOHHUKH, (OTOHUKH,
KBaHTOBBIX W IUGPOBBIX TeXHONOTHH. [IpencraBieHbl HEKOTOPHIC PE3yIbTaTh
TpaHcopManuu 0O0pa3oBaTeIbHON NEATENFHOCTH M OMMCAaHBI 3aJjaud, pelieHue
KOTOPBIX MPEACTONT HAYTHO-TIEATOTHIECKOMY KOJDIEKTUBY Ka(eapbl, COBMECTHO
CO CTyIOEHTaMH, OOYJaroIIMMHUCS IO 00pa30BaTENbHBIM MpOrpamMMmaM Kadenpsl.
Hameuensl nepcrekTUBBI TaIbHEUIIIEr0 pa3BUTHSL.

KuaoueBble cioBa: mudpoBas OMOHMKA, OMOTEXHUYECKHE YCTPOWCTBA, YMHBIE
ycTpoiicTBa, G poBas U aHAIOTOBasi CXEMOTEXHHUKA.

THE DEPARTMENT OF ELECTRONIC AND QUANTUM DEVICES
FOR INFORMATION TRANSMISSION: THE EDUCATIONAL
TRAJECTORIES DYNAMICS
D.P. Danilaev, M.P. Danilaev

Annotation. A the educational and pedagogical activities general description
of the department of electronic and quantum devices for information
transmission is given, taking into account the development trends of radio
electronics, photonics, quantum and digital technologies. Some results of the
educational activities transformation are presented and tasks are described that
will be solved by the scientific and pedagogical staff of the department,
together with students enrolled in the educational programs of the department.
Prospects for further development are outlined.

Keywords: digital bionics, biotechnical devices, smart devices, digital and
analog circuitry.

KA®EJIPA «KKOHCTPYNPOBAHUE 1 TEXHOJIOI'MA
ITPOU3BOACTBA DJIEKTPOHHBIX CPEACTB»
M.FO. 3acmena, A.A. Manvyes

AHHoTanus. B craThe mpocnexuBaercs HCTOPHs NPEEMCTBEHHOCTH HAayYHBIX
ucciuenoBaHui  Kadenpbl KOHCTPYHMPOBAaHMSI U TEXHOJOTMH IPOHM3BOACTBA
3JIEKTPOHHBIX CPEIICTB, OTMEUEHB! OCHOBHBIE MOMEHTHI Pa3BUTHUS HAYUHBIX LIKOI,
HanpasieHuid. OnucaH BKiaZ OOJNBLIOrO KOJMYECTBA COTPYIHHKOB HMHCTUTYTA,
BHECIIMX OIPOMHBIM BKJaJ B pa3BUTHE HAyKu Ha Kadeape, dakynbrere, B

DEPARTMENT "DESIGN AND TECHNOLOGY
PRODUCTION OF ELECTRONIC MEANS»
M.Yu. Zastela, A.A. Maltsev

Annotation. The article traces the history of the continuity of scientific
research of the Department of Design and Production of Electronic Means,
highlights the main points in the development of scientific schools, directions.
The contribution of a large number of employees of the institute, who made a
huge contribution to the development of science at the department, faculty, and




WHCTUTYTE, a TaKXKE COBPEMEHHOE COCTOSHHE OOpa3oBaTEIbHOW M Hay4YHO-
HCCIICIOBATEIBCKOM JICATEIIBHOCTH Ka(eIphl.
KuioueBble ¢j10Ba: KOHCTPYUPOBAHUE, IIPOU3BOJICTBO, SICKTPOHHBIC CPEACTBA.

institute, is described. The current state of educational and research activities
of the department.
Key words: design, production, electronic means.

IMPOXOXIAEHUE CMECHU PAJIMOUMITYJIBCA 1 Y3KOITOJIOCHOI'O
[IIYMA YEPE3 ®A30BbII [TPEOBPA3OBATEJIb HA BA3E
DA30BOI'O AETEKTOPA
A.I'. Unoun, A.C. Xagaoowca

AHHoTanus. beicTpoe pasBuTHE cHucTeM mnepenayd nudpoBol uHOpMaNHMU C
HCIIOJIb30BaHUEM pPaaroOCUTHAJIOB IIPUBENIO K HEOOXOJIJMMOCTH
COBCPUICHCTBOBAHUA TIPUEMHBIX CHUCTEM. Oco0eHHo 3TO AKTyaJIbHO IIpH
WCIOJIb30BaHMH METOJIa IPHMEMa CUTHAJIA B paifOHAX, y/IAJIEHHBIX OT TOPOJIOB U HE
WMEIOIIMX Pa3BUTOM CTPYKTYpbl HWHTepHeT-coenuHeHus. OpHako 3amaya
nupoBoil mepeauu BechMa clokHA. Korja OTHOIIEHHE CHTHA/IIYM HU3KOE,
aKTyaJIeH [TOMCK HOBBIX METO/IOB [UIsl peLlIeHUs JaHHOH [po0ieMsl. 3BecTHO, UTO
CyTh 3a/1aud OOHApYKEHHS 3aKII0YAeTCsl B TOM, YTOOBI IPUHATH PEIICHHE O
HaJIM4YMU WIA OTCYTCTBMM IIOJIE3HOI'O CHTHaja Ha (OHE IOMEX U IIyMOB,
n30aBUTHCSI OT KOTOPBIX NPUHLHUIINAIBLHO HEBO3MOXHO. JloKa3aHO, YTO 3a cyer
UCIOJIB30BaHUS CTPYKTYPHBIX OTJIMYUII CMECH IOJIE3HOI'O CUTHAla W IyMa U
IIPOCTO Y3KOIOJIOCHOTO IIyMa, MOXHO CYIIECTBEHHO YBEIUYUThH JOCTOBEPHOCTD
npreMa nu(poBOro CUrHaja B 001aCTH MaJbIX OTHOIIIEHHH CUTHAI/TIyM. B pabote
paccMOTpEeHbl BapHaHThl IIOCTPOEHUS JETEKTOPOB Ha 0a3e (pa30BOro AETEKTOpa, a
TaKXe IPUBEICHbI BPEMEHHbIE JruarpaMMbl QyHKIIMOHUpOBaHUsL. B naHHOII cTaThe
[IPEACTABJICHBl PE3YJIBTAaThl MAaTEMAaTHYECKTOIO0 MOACIUPOBAHUS IPOXOXKICHUS
CMECH PaAvOMMITYJIbCA M Y3KOMOIOCHOI O IIyMa uepe3 Ga3oBblii AETEKTOP.
KuaroueBrblie ciioBa: $pa3oBbIii IETEKTOpP, MOMEXOYCTOWYMBOCTD, PaTUOUMITYIIBC,
Y3KOIOJOCHBIH IIyM.

PASSAGE OF A MIXTURE OF RADIO PULSES AND NARROW-BAND
NOISE THROUGH A PHASE CONVERTER BASED ON A PHASE
DETECTOR
A.G. Ilyin, A.S. Khafaga

Abstract: The rapid development of digital information transmission systems
using radio signals has led to the need to improve receiving systems. Especially
when using the signal reception method in areas remote from cities that do not
have a developed Internet connection structure. However, the task of digital
transmission is very difficult. When the signal-to-noise ratio is low, the search
for new methods to solve this problem is relevant. It is known that the essence
of the detection problem is to make a decision about the presence or absence
of a useful signal against the background of interference and noise, which is
fundamentally impossible to get rid of. It is shown that due to the use of
structural differences between the mixture of useful signal and noise and just
narrow-band noise, it is possible to significantly increase the reliability of
digital signal reception in the region of low signal-to-noise ratios. This paper
considers options for constructing detectors based on a phase detector are
considered, and time diagrams of operation are given. This article discusses the
results of mathematical modeling the passage of a mixture of a radio pulse and
narrow-band noise through a phase detector.

Keywords: Phase detector, noise immunity, radio pulse, narrowband noise.

KOMBHHHWPOBAHHBIE METO/1bI OBPABOTKHU ITOYB
O.B. Huxuwuna, I'A.Mopo3os

AHHOTaLII/IH. B cratee npeacTaBJICH 0630p MNIPUMCHCHUS MHUKPOBOIHOBBIX
TEXHOIIOTMil B oOnacTu 3EeMJIICACINA Ui PCEKYJIbTUBAlUKU I10YB. Hpe;momeHa
OITHUMaJIbHas1 4YacCToTa BO3,Z[CI>1CTBI/I$[ Ha cpcay. IlokazaHo BO3):[CI>1CTBH€ CBY-

COMBINED SOIL TREATMENT METHODS
0O.V. Nikishina, G.A. Morozov

Annotation. The article presents an overview of the use of microwave
technologies in the field of agriculture for soil reclamation. The optimal
frequency of impact on the environment is proposed. The impact of the




JIrana3oHa Ha OMosioruueckre o0beKThI U Bo3aeiicTsrue KBY- quamna3ona Ha )KUBbIE
CUCTECMBI. PaCCMOTpeHLI KOM6I/IHI/IpOBaHHI)IC METOObI BOSILGP'ICTBHSI Ha HO‘IBy.
KuaroueBble cj10Ba: MUKPOBOJTHOBBIE TEXHOIOTHUH, PeKyIbTUBaIus moussl, CBY-
nuana3zon, KBY-nmamnasos, KOM6I/IHI/IpOBaHHbIC MUKPOBOJIHOBBIE TEXHOJIOIUH,
a30TUKCUpYIOIIUE OaKTEpUH, CEbCKOE XO35AHCTBO, MHAKTUBAIUS OPTaHWU3MOB,
o0e33apaKuBaHUE, CTHMYIISIIHS.

microwave range on biological objects and the impact of the EHF range on
living systems are shown. The combined methods of impact on the soil are
considered.

Key words: microwave technologies, soil reclamation, microwave range, EHF
range, combined microwave technologies, nitrogen-fixing bacteria,
agriculture, inactivation of organisms, disinfection, stimulation.

HNCCIIEJOBAHUME ITPOLHECCA HAKOITJIEHUA ABOTOBAKTEPA B ITOUB
E HA ITPUMEPE I'OPOJIA MTHHOITOJINC
O.B. Hukuwuna, I'A. Mopo3os

AnHoTanus. B CTaTbe U3JI0KEHBI pe3yJIbTaThl
HCCIIENOBAaHUS MPOCTPAHCTBEHHON HEOTHOPOMHOCTH MOYBHI Topona MHHOMOMIC,
OTIPEICIICHUS €€ MEXaHIMIECKOTO M XMMHIECKOro cocTara. Omucan TpoIrrecc
BBIpAIBAHKS TIOYBEHHBIX 00Pa3II0B, UCCIIEIOBAHIS MUKPOCKOITMIECKUX 00pasil
OB OaKTepuii, BEIIBIICHHS HAKOIIJICHHS TIOTMMEPOB B OAKTEPHUSIX.

KuroueBble cjioBa: a30T00aKTep, MEXaHWUIECKAN W XHMHYECKHI COCTaB IIOYBHI,
MHUKPOCKOITUYECKOE HCCIEN0BaHUE o0pas3mos,
HHUTPATHI, KUCIIOTHOCTH TTOYBKI, TTOJTUMEPHI, KAPOOHATHL.

INVESTIGATION OF THE PROCESS OF ACCUMULATION
OF AZOTOBACTERIN THE SOIL ON
THE EXAMPLE OF THE CITY OF INNOPOLIS
0O.V. Nikishina, G.A. Morozov

Abstract. The study of the spatial heterogeneity of the soil of the city of Innop
olis, its mechanical and chemical compositions weredetermined. Soil samples
were grown. Microscopic samples of bacteria were examined. Detection of
polymer accumulation in bacteria.

Keywords: Azotobacter, mechanical and chemical composition of soil, micro
scopic examination of samples. Nitrates, soil acidity,polymers, carbonates.

KBA3HWPACIIPEAEJIEHHAS BOJIOKOHHO-OIITUYECKAS
CEHCOPHAS CETH J1JIs1 KOHTPOJIA PACITIPEAEJTEHWA
MHTEHCHUBHOCTHU 5MII 1 TEMITIEPATYPbI
B 3AKPBITOM PABOYEN CBY-KAMEPE
MOJIEPHU3MPOBAHHBIM KAJTOPUMETPUYECKWM METOJIOM
H.E. Kyswunos, Pun.Ill. Mucbaxos, Pyc.lll. Mucbaxos,

I''A. Moposos, O.I". Mopo3zos

AHHOTanus. B crarbe BBINONHEH CpPaBHHUTENBHBIA aHAIM3  Pa3lIMYHBIX
TEXHOJIOTUH M3MEpEeHUs pacrlpeereHus] HHTEHCHBHOCTH DJIEKTPOMAarHUTHOTO
noist (OMII) (Ha craguu MPOEKTUPOBaHMS 3aKphITHIX padounx CBY-kamep) u
TeMIIepaTypbl (Ha CTaJuy KOHTPOJIS peanu3aunu tepMuieckoil CBU-o0padoTku
MaTepuaTbHBIX cpen) npu peanm3anuu MOJIEPHH3HPOBAHHOT'O
KaJIODUMETPUUYECKOTO METOZIa C HCIOJb30BAHMEM B KauyecTBE JaTyHKa

QUASI-DISTRIBUTED FIBER-OPTIC
SENSOR NETWORK FOR DISTRIBUTION CONTROL
EMF INTENSITY AND TEMPERATURE
IN A CLOSED WORKING MICROWAVE CHAMBER
MODERNIZED CALORIMETRIC METHOD
N.E. Kuvshinov, Rin.Sh. Misbakhov, Rus.Sh. Misbakhov,
G.A. Morozov, O.G. Morozov

Annotation. The article presents a comparative analysis of various
technologies for measuring the distribution of electromagnetic field (EMF)
intensity (at the stage of designing closed working microwave chambers) and
temperature (at the stage of monitoring the implementation of thermal
microwave processing of material media) when implementing a modernized
calorimetric method using as temperature sensor of fiber Bragg structures in




TEMIIepaTypbl BOJIOKOHHBIX OPITTOBCKUX CTPYKTYP B UX Pa3HBIX BapHALUIX, UTO
omnpezensiercss Kak KOHKPETHOM MOCTaHOBKOHM 3aJaull HayYHOTO DKCIIEPUMEHTa
M0 MUKPOBOJHOBOW 00paboTKe MaTepHalbHBIX Cpell, TaK U TpeOOBaHUSMH 10
TOYHOCTH HW3MEPEHHS TEeMIIepaTypbl, CTOMMOCTH W JKCILTyaTallMOHHBIM
napaMerpam ee peaaus3anuy. s 3Toro B CTaThlo BKIIOYEH YIiTyOJIeHHBIN aHau3
BOJIOKOHHBIX OpATTOBCKHX CTPYKTYp C MEJIbI0 TIOJHOM OIEHKH Hauboiee
WH(POPMAITMOHHON TOIMOJOTMH WX BKIIOYEHHS W TOHMCKa Hauboiee TOYHOro,
OBICTPOJCHCTBYIONIErO0 M JEHIEBOrO0 HHTepporaropa Il ux ompoca. B
3aKITIOYEHHE MPOU3BOJIUTCS aHAIN3 TPUMEHHUMOCTH PACCMOTPEHHBIX BAPUAHTOB
JUIA pelleHys pa3IuyYHbIX 3a7ad MoHuUTopuHra CBY-mporeccoB TepmMuueckoit
00paboOTKM MaTepUaNbHBIX CpPell U MOCTPOSHHUsS Ui HUX 3aKPHITHIX PabOvuHx
Kamep.

KaroueBblie CJIOBA: BOJIOKOHHO-ONTHYECKAs CEHCOpHas CEeTb,
3JIEKTPOMArHUTHOE T0JIe, KBa3upacupeeieHHbIe 0e3aipecHble, KBa3HapecHbIe
W aJIpeCHbIE BOJIOKOHHBIE OPATTOBCKUE CTPYKTYPHI.

their different variations, which is determined both by the specific
formulation of the problem of a scientific experiment on microwave
processing of material media, and by the requirements for temperature
measurement accuracy, cost and operational parameters of its
implementation. For this purpose, the article includes an in-depth analysis of
fiber Bragg structures in order to fully evaluate the most informational
topology of their inclusion and search for the most accurate, fast and cheap
interrogator for their interrogation. In conclusion, an analysis is made of the
applicability of the considered options for solving various problems of
monitoring microwave processes of heat treatment of material media and
building closed working chambers for them.

Keywords: fiber-optic sensor network, electromagnetic field, quasi-
distributed non-addressed, quasi-addressed and addressable fiber Bragg
structures.

KBAHTOBAJS I'OJIOT'PA®NU A U EE ITPUJIOXKEHM . OB30P
H.K. Ilagnviuesa, 2.P. Myciumos, H.A. [lempanosckuii,
A.P. Hacwibynnun, U H. Hypees, O.I. Mopo3oe

AHHoTanms. ['onorpaduio onpenenstoT Kak METOX 3alllCH M BOCCTAHOBJICHUS
BOJHOBBIX  IOJEH, OCHOBaHHBIM HAa PETHCTpAlMM U BOCCTAHOBIICHUU
UHTePPEPEHIIMOHHON KapTuHBL, (OPMHUPYEMOH BOJHAMH, MCXOAAIIMMHU OT
00BEKTa M OMOPHOTO JIyda. 3aperucTpUpOBaHHYIO HHTEP(EPEHIINOHHYIO0 KapTHHY
Ha3pIBAIOT ToOJNIOTpaMMoOii. KiIrodeBBIM  CBOWCTBOM Tojorpadvud  sSBISETCS
KOTepEHTHOCTh, KOTOpas TpeOyercs s W3BIedeHuss uHpopMmanuu o (ase
MIOCPEACTBOM HHTEpQEpPEeHLUH C OHOpHbIM Jy4doM. be3 KorepeHTHOCTH
roigorpaduss  HeBo3MOKHA. KBaHTOBas romorpadus  obOimamaer  BCeMH
MpEerMYIIecCTBaMH Tolorpaduu, OJHAKO B HEH NPUCYTCTBYIOT U IPQEKTHI,
MO3BOJIIIOLIME CO3/4aBaTh TOJIOTPAMMBI NPUHLUUINMATGHO HOBBIMU METOIAMH.
KBanToByto romorpaduio MOXXHO HCIONB30BaTh HE TONBKO IJISI ITOCTPOCHUS
n300pakeHnd, HO M JAJsl HONYyYEHHS XapaKTEPUCTHK KBAHTOBBIX COCTOSHHIM.
KBanToBass 3amyraHHOCTh (a HE KOI'€PEHTHOCTH) SIBISIETCS HCTOYHUKOM
KBaHTOBOrO rosorpaduyeckoro mpocrpaHctBa. Llenp HacTosimed craTbu
3aKJII0YaeTcss B IONBITKE OTPa3uTh pa3BUTHE KBAaHTOBOW ronorpadguu 3a
MOCNEAHKE IBAALATH JIET M OHSTh, KAK KBAaHTOBAsI Trosiorpadusi U ee NPHII0KEeHUs

QUANTUM HOLOGRAPHY AND ITS APPLICATIONS. REVIEW

N.K. Pavlycheva, E.R. Muslimov, N.A. Petranovsky,
A.R. Nasybullin, I.I Nureev, O.G. Morozov

Annotation. Holography is defined as a method of recording and restoring
wave fields based on the registration and restoration of an interference pattern
formed by waves emanating from an object and a reference beam. The
registered interference pattern is called a hologram. A key property of
holography is coherence, which is required to extract phase information
through interference with the reference beam. Holography is impossible
without coherence. Quantum holography has all the advantages of
holography, but it also contains effects that make it possible to create
holograms using fundamentally new methods. Quantum holography can be
used not only to construct images, but also to characterize quantum states.
Quantum entanglement, not coherence is the source of the quantum
holographic space. The purpose of this article is to try to reflect the
development of quantum holography over the past twenty years and
understand how quantum holography and its applications will solve the
problem of developing new methods and means of quantum cryptography,




MO3BOJIAT PEIIMTh 3a7add pa3pa00TKU HOBBIX METOJIOB M CPEICTB KBaHTOBOM
Kpunrorpadguu, TEICKOMMYHHKAlMA W CEHCOPUKM  JUIA  peasu3alu
MHOT'OCCHCOPHBIX PACIIPEACIICHHBIX KBAHTOBBIX H3MepeHHI7L

KoueBble cjioBa: KBaHTOBas rojorpadusi, KBAaHTOBbIE H300paKeHU s, KBAHTOBAS
namsiTh, romorpaduyeckass — TelenopTanus, KBaHTOBas  creraHorpadus
n300pakeHni, KBAHTOBAas METPOJIOTHS, KBAaHTOBBIC TOJNOTPaMMBbI, TpaHcdepT
TEXHOJIOTUH.

telecommunications and sensorics for the implementation of multisensor
distributed measurements.

Keywords: quantum holography, quantum images, quantum memory,
holographic teleportation, quantum image steganography, quantum
metrology, quantum holograms, technology transfer

TBOPYECKUU U )KU3HEHHBIN [TYTh VUEHOTI' O,
PEKTOPA, YEJIOBEKA
U A. llpyscununa

AHHoTaums. B crathe ocBsijaeTcs TBOPYECKUH IyTh HM3BECTHOTO Y4YEHOIO,
pekropa KAW — Hurmarymmna Pammpna [llakupoBuda. [TyOomukyrorcest cBeneHus
W3 apXMBHBIX JTOKyMeHTOB My3est KA.

CREATIVE AND LIFE WAY OF A SCIENTIST, RECTOR, PERSON
I.A. Druzhinina

Annotation. The article consecrates the creative path of the famous scientist,
rector of KAI - Nigmatullin Rashid Shakirovich. Archival documents of the
KAI Museum are published.

KiawueBble  clioBa: yueHBI, pekrop, moasporpadus, Teopermueckas | Keywords: scientist, rector, polarography, theoretical radio engineering,
pagnoTEeXHHKA, JIEKTPOHUKA. electronics.
2022. T.2. Ne3

BAPUAHT CO3JAHMS BECIIPOBOIHOU JIMHUU CBS3U
CYBTEPAT'EPLIOBOI'O HACTOTHOI'O IMAITIASOHA
M.B. Anopesnos, B.B. bupioxos, B.JI. Baxc, A.Il. Jluckosuu, B.A. Manaxos,
A.H. Hanun, C.U. Ilpunonszun, A.C. Paesckuil, B.B. Il{epbakos, A.M. Il[umos

AnHoTanus. B pabore onrican MakeT rpremMoriepenatomiero ycrpoiicraa (200220
ITog) Ha  OCHOBE  COBPEMEHHBIX  IOJYIPOBOAHHUKOBBIX  HPHUOOpOB.
OKCIepUMEHTANBHO TOKa3aHa BO3MOXXHOCTh Iepenadd HU(POBBIX CUTHAJIOB CO
ckopoctsio 70 1 ['6ut/c. CormacHo pacdéram, MOIIHOCTH Ha BBIXOMIE TIepenaTInKa
B HECKOJIBKO COTEH MUKPOBATT AOCTATOYHO ISl IEpENayd AaHHBIX Ha PACCTOSHUE
mo 1,5 kM npu xoaddunuente ycunenus aHTeHHb He MeHee 50 nb. Ocoboe
BHUMAaHUE YJEJIEHO OpTraHU3alMM IIpHeMa-IIepenadd JaHHBIX C MCIIONb30BaHUEM
uupoBOro Momyis, paboTaroIIEero COBMECTHO CO CIIEUMATIbHBIM MTPOrPaMMHBIM
obecriedeHneM.

KiroueBble cioBa: cyOTeparepuoBblii auana3oH, OecrpoBOxHAs JHMHUS CBSI3H,
porpaMMupyemast Jorndeckas HHTerpajibHas cxema, nupoBast CBI3b.

OPTION FOR CREATING A WIRELESS COMMUNICATION LINE
IN THE SUBTERAHERTZ FREQUENCY BAND
M.V. Andreyanov, V.V. Biryukov, V.L. Vaks, A.P. Liskovich, V.A. Malakhov,
A.N. Panin, S.I. Pripolzin, A.S. Raevsky, V.V. Shcherbakov, A.M. Shitov

Annotation. The paper describes a model of a transceiver device (200-220
GHz) based on modern semiconductor devices. The possibility of transmitting
digital signals at speeds up to 1 Gbit/s has been experimentally shown.
According to calculations, the output power of the transmitter of several
hundred microwatts is sufficient to transmit data over a distance of up to 1.5
km with an antenna gain of at least 50 dB. Special attention is paid to the
organization of data transmission reception using a digital module working in
conjunction with special software.

Keywords: sub-terahertz band, wireless communication line, programmable
logic integrated circuit,




COCTOSIHUE DJIEKTPOHHOM INOJACHUCTEMBI B METAJIJIAX C
YUETOM CUJIbI PEAKIIMU U3JIYUEHU S
M.II. Janunaes, C.A. Kapanoawos, A.B. Kyknun, B.A. Kyxnun

Annoranus: [TokazaHo, 4TO CKOPOCTh MMOCTYMATENBHOTO ABUKECHUS JIIEKTPOHOB,
Mo KpaifHeill Mepe, BaJICHTHBIX, [IPU MEPExXoJie B OCHOBHOE COCTOSIHUE, B aToMax
MeTaluioB ¢ Kpuctajuimueckoi pemerkoir ['IK  (rpaneneHTpmpoBaHHOTO
kyoudeckoro) u OLK (00beMHO-IIEHTPUPOBAHHOTO KyOWYeCKOro) THIIOB,
MPHOJIMKAETCSL K CKOPOCTH CBETA 33 CUET KOHKYPEHIIMY CHIIBI IPUTSKEHUS K SIPY
C CUJION peaKIuy U3Iy4eHus. B mpoBOAMMOCTH METaJIOB y4acTBYeT TOJIbKO YacTh
BaJICHTHBIX DJIEKTPOHOB, CKOPOCTh KOTODPBIX IPEBBIIIAET HEKOTOPBIA MOPOT.
duznueckuit CMbICT JTAHHOTO TIOPOTOBOT'O 3HAUYEHHsSI CKOPOCTH aHAIIOTHYCH
MOHSATHSIM XHMUYECKOro ToTeHIana wim sHeprun @epmu. Benwuuna mopora B
a7MabaTU4IecKoM TNPUOIMKEHUH HE 3aBUCHT OT TEMIIEPATyphl U OIPEAEIsIeTCs
TOJILKO TapamMeTpaMu KPHUCTAIUIMYECKOW PEIIeTKH W BAJICHTHBIM COCTOSTHUEM
aTOMOB.

KiaroueBble  ci10Ba:  CKOpOCTh  JBM)KGHHMS  OJJIEKTPOHA,  KIACCHUYECKas
AIICKTPOAMHAMUKA, Heprusi PepMu, peakuus H3IydeHUs, CAMOYCKOPEHHE.

ELECTRONIC SUBSYSTEM STATE IN METALS WITH RADIATION
REACTION FORCE TAKING INTO ACCOUNT
M.P. Danilaev, S.A. Karandashov, A.V. Kuklin, V.A. Kuklin

Abstract. It is shown that the electrons translational motion rate during the
transition to the ground state is maintained to the light rate due to the
competition between the nucleus attraction force and the reaction radiation
force in atoms in metals with face-centered cubic and body-centered cubic
lattice. The metal conductivity is determined by valence electrons, which rate
is exceeds a certain threshold. The physical meaning of this threshold rate is
similar to the chemical potential or Fermi energy. The threshold rate in the
adiabatic approximation is depending on the metal crystal lattice parameters
and atoms valence state.

KmoueBbie cioBa: electron velocity, classical electrodynamics, Fermi
energy, radiation reaction, self-acceleration.

JED®EKTBI HAHOTPYBOK JIJIS1 HAHODJIEKTPOHUKHM: CPOCTKHA
3.4 Xanumos, P.P. @aiizynnun, /1. H. Baneesa, B.JI. Oounyos, B.A. Bopoununa

AnHoTauus. Paccmorpena 3amada 0 BEICOKOYACTOTHBIX OCIHJUIAIUAX TTpodruteit
WHTEHCUBHOCTH  Pe(IeKcoB  MHUKPOAU(PAKIMOHHBIX  KAPTUH  OTHEIBHBIX
HAHOTPYOOK BIONb CJIOEBBIX JIMHUH. Paccmorpensl BO3SMOXKHBIE CTPYKTYPBI
MIPOIOIBHBIX CPOCTKOB HAHOTPYOOK C Pas3IMYHBIMU BHEIIHHUMH M BHYTPEHHHMH
paamycamu, UAeHTHU(UKAIIS KOTOPBIX HE00X0IuMa IpH BEIOOpKE HAHOTPYOOK JIIst
W3IENUM HAaHOANIEKTPOHUKU. [IpoBeieH cpaBHUTENbHBIM MAaTEMATUYECKUI aHAIU3
OCLWULIIMKA B CIy4asXx OOBIYHBIX KPUCTAJUIOB (CaTEIUIUTBI) M MHOTOCIOMHBIX
KOAKCHAJIbHBIX HAHOTPYOOK, a TaKkKe JABYX CIIy4aeB LMIMHIAPUYECKUX CPOCTKOB.
Iloka3zano, 4TO, KaKk ¥ B ciIydae OOBIYHBIX KPHCTAJJIOB, OCLMJUISILMU B OONaCTH
KPBUIbEB PE(IIEKCOB OMpENeNsioTCs pa3MepaMHu KpucTaia (TOJMIIMHON CTEHKH
TpyOKH), B TO BpeMsl Kak cliequ(pHuueckue OCHMUILIUN UX ITIABHBIX MaKCHMyMOB
— BHYTPEHHHUM JIMaMETPOM HaHOTPYOKH.

KiroueBble cjioBa: HaHOTPYOKH, MUKPOIU(PPAKIMOHHbIE KAPTUHBI, OCLMILISLNS
0a3aNbHBIX pedIeKcoB.

DEFECTS OF NANOTUBES FOR NANOELECTRONICS: SPLICES
Z.Ya. Khalitov, R.R. Fayzullin, D.N. Valeeva, V.L. Odintsov, V.A. Voronina

Annotation. The problem of high-frequency oscillations of reflex
intensity profiles of microdiffraction patterns of individual nanotubes
along layer lines is considered. Possible structures of longitudinal splices
of nanotubes with different external and internal radii, the identification
of which is necessary when sampling nanotubes for nanoelectronics
products, are considered. A comparative mathematical analysis of the
oscillations in the cases of ordinary crystals (satellites) and multilayer
coaxial nanotubes, as well as two cases of cylindrical accretions was
carried out. It is shown that, as in the case of ordinary crystals, the
oscillations in the region of the wings of the reflexes are determined by
the size of the crystal (the thickness of the tube wall), while the specific
oscillations of their main maxima are determined by the inner diameter
of the nanotube.

Keywords: nanotubes, microdifraction patterns, basal reflex oscillation.




KBAHTOBBI TEPMOMETP C PAJIMO®OTOHHBIM OITPOCOM
O.I" Moposos, A.A. Ky3ueyog

AnHoTauus. KBaHTOBEIN IaT4vK ¢ a30T-3aMeEIIEHHON BakaHcHel B anmasze (NV-
LIEHTP) — NOTEHIMAIbHBIN BBICOKOTOYHBI HAHOPa3MEpPHBI TEPMOMETP Ha OCHOBE
CCHCOPHBIX TGXHOHOFI/IIZ, CBOMCTBa KOTOPbIX OCHOBAaHBI Ha IMPEUMYIICCTBax
KBaHTOBOH (u3WKU. NV-IIeHTpbI 001aJat0T HEMapHBIMH JIEKTPOHHBIMU CITHHAMH
B pelIeTKe ajMa3a, KOTOpble MOTYT ObITh OOHapy)K€Hbl ONTHYECKH, METOIOM
ONTHYECKH JIeTEeKTUpyeMoro MarHuTHoro pe3onanca (OJMP). Yacrora
pacmerienus OIMP D npu HyneBoM MarHMUTHOM IOJIe€ TIPUMEPHO paBHa 2,87
ITu. B Hacrosmeil craTthe 0030PHO PACCMOTPEHBI MPOTOKOIBI H3MEPECHHS
TeMITepaTypsl, NMPUMEHsSEMble TPH aHamu3e cMmereHuss yactorel D OJIMP B
aJIMa3HBIX KPUCTAIAX C a30T-3aMelIeHHON BaKaHCHEH, TOKa3aHbI X JIOCTOMHCTBA
U HCEAOCTATKU, TMPCAJIOKCHbBI BapUaHTBI HUX MOACpHHU3alMKM Ha OCHOBEC
pammoOTOHHBIX TOMXOMOB. Vcmonp3oBaHue paaro(OTOHHBIX ITOAXOIO0B 10
MeronaM MinbuHa-Mopo30oBa U CBEPXY3KOIIOJIOCHOTO MAaKeTa AUCKPETHBIX YaCTOT
MO3BOJIAET 3HAYUTEIBHO YIPOCTUTH CTPYKTYpPY KBAHTOBBIX TEPMOMETPOB U HE
HCIIONB30BaTh gocrarodHo Mormable CBY- u P®-reHepaTopsl, KOTOPBIE MOTYT
CO3/1aBaTh CYIECTBEHHYIO IOMEXOBYIO KapTuHY. V3 NpHBEACHHBIX pPE3YJIBTATOB
0030pHOTO aHa/M3a CleflaH BBIBOM, YTO PaJAnO(OTOHHBIE MOAXOAbt Ha OCHOBE
YKa3aHHBIX METOMOB ISl ()OPMHPOBAHHUS MHUKPOBOIHOBOTO ¥ PaAHOYACTOTHOTO
V3y4deHus U 3oHaupoBanns uMu crekrpa OMP, aBisioTcs mepcrnekKTUBHBIME U
TpeOyIOT MaNbHEHIINX WCCIENOBaHMW, B TOM 4YHCIE, B pPaMKax IPOrPaMMEbI
[Ipuopurer-2030. Kpome TOro, WX NpHUMEHEHHE IOABOAUT Pa3pabOTIMKOB K
BO3MOKHOCTU PELICHUS 3aa4d CO3JaHUS IMOJHOCTBIO ONTHYECKOH CTPYKTYpBI
KBaHTOBOTO  TEpMOMETpa,  HalpuMep, C  HCIOIb30BaHHeM  d(ddekra
3NEKTPOMArHUTHO-UHAYLHUPOBAHHON MTPO3PAYHOCTH.

KuiroueBble €JjI0BA: KBAaHTOBBIM JaTUMK C a30T-3aMELIEHHONM BaKaHCHEW B
anmaze, NV-IeHTp, ONTUYECKH ICTEKTUPYEMbId MAarHUTHBIM PpE30HAHC,
M3MepeHue TeMIepaTypél, panroOTOHHBIH or1poc, ad ekt
3NEKTPOMAarHUTHO-UHAYLUPOBAHHON TPO3PAYHOCTH.

QUANTUM THERMOMETR WITH MICROWAVE PHOTONIC
ACQUISITION
0O.G. Morozov, A.A. Kuznetsov

Abstract. Quantum sensor with a nitrogen-substituted vacancy in diamond
(NV-center) - a potential high-precision nanoscale thermometer based on
sensor technologies, the properties of which are based on the advantages of
quantum physics. NV-centers have unpaired electron spins in the diamond
lattice, which can be detected optically by optically detectable magnetic
resonance (ODMR). The ODMR splitting frequency D at zero magnetic field
is approximately equal to 2.87 GHz. In this article, the temperature
measurement protocols used in the analysis of the frequency shift D ODMR in
diamond crystals with a nitrogen-substituted vacancy are reviewed, their
advantages and disadvantages are shown, and options for their modernization
based on microwave photonics approaches are proposed. The use of
microwave photonics approaches based on the Ilyin-Morozov’s and an ultra-
narrow-band discrete frequency package methods make it possible to
significantly simplify the structure of quantum thermometers and not to use
sufficiently powerful microwave and RF generators, which can create a
significant interference pattern. Based on the results of the review analysis, it
was concluded that microwave photonics approaches based on these methods
for the formation of microwave and radio-frequency radiation and their probing
of the ODMR spectrum are promising and require further research, including
within the framework of the Priority-2030 program. In addition, their
application leads developers to the possibility of solving the problem of
creating a completely optical structure of a quantum thermometer, for example,
using the effect of electromagnetically induced transparency.

Keywords: quantum sensor with a nitrogen-substituted vacancy in
diamond, NV-center, optically detected magnetic resonance,
temperature measurement, microwave photonics acquisition,
electromagnetically induced transparency effect.




MOJEJIMPOBAHUME CIIEKTPA OTPAXKEHUA
BOJIOKOHHBIX BPOITOBCKHMX PEHIETOK
KAK CTPYKTPYHOI'O DJIEMEHTA KOMBMHMPOBAHHbBIX
BOJIOKOHHO-OIITUYECKUX JATUMKOB
T.A. Aenuyanun, B.U. Angpunocenmos, b.1. Banees, A.1U. Caovikosa, A.JK.
Caxabymounos

Aunnortanus. B pabore ncciemyercss U CpaBHUBAIOTCS METOJBI (HOPMHUPOBAHMUS
CleKTpalibHOro orkiuka BBP, ocHOBaHHblE Ha MeETOAE ONpeAcseHus
K03 (PUIIMEHTOB OTpa’keHHsT M MPOXOXKACHUS TJIOCKMX BOJH Yepe3 CIIOMCThIC
CTPYKTYpbI, PE3YJIbTAaTOM KOTOPOH SIBJISIETCA PpEIIEHUE CHUCTEMbl JIMHEWMHBIX
YpaBHEHUH OTHOCUTEIBHO KO3 (DHUIHEHTOB TPOXOXKACHHUS U OTPAKEHUS B KaXKJIOM
CJIoe METOJIOM TPOTroHKHW. MccnenoBaHsl METOAbI, OCHOBAaHHBIE HAa IOCTPOEHUHU
Matpull repenad st BBP B 1iemom, BeIBOI (OPMBI 3amrcy KOTOPOI pa3inyaeTcs
WM HE TOJIOH BO MHOXKECTBE HCTOYHUKOB. J[IsI CpaBHHUTENBHOTO aHaIn3a
BBIOpaHBI JIBE 3aBUCHMOCTH KOA((UIMEHTa OTpakeHHsI OT JUTUHBI BOJHBI JJIS
onHopogHoii BBP, kak 9acto mpuBOAMMEBIC B Pa3NMYHBIX NyOnukanusx. U3
PACCMOTPEHUST UCKIFOYEHBI T€ 3aBUCUMOCTH K03(duimeHToB orpaxenus BBP,
KOTOpbIe (OPMHPYIOTCA HAa OCHOBE MATPHIIBI IE€pelavyd, MMEIOUIed B CBOEH
CTPYKTYype MOMMHOMBI YeObIeBa BTOpOro poaa. BapuaHTel MoaenupoBaHus 1O
PEKYPpPEHTHBIM  COOTHOIICHWSM, BKJIIOYAIOIKME B ce0s HEeoOXOAMMOCTh
BBIYHCIICHUA TOMUHOMOB UYeObIieBa, HAMEpPEHHO OBUIM HWCKIIOYEHBI U3
pPaccCMOTpEHUs, TOCKOIBKY OHHM HE BBIUTPHIBAIOT B TPOWU3BOIAUTEIHHOCTH B
CpaBHEHHH C MeETOAOM KOX(PGHUIIMEHTOB MPOXOXKACHUS H  OTPaKEHWS.
[IpennmokeHa u uccnenoBana MomuduKaIis Meroaa Ko3h(OHUITMEHTOB OTPasKEHUS
U TPOXOXKIEHUS, KOTOpas mpeanonaraer Moxaeiaupoanue BBP  crnoucroit
CTPYKTypOH, npencrasisitonicii BBP kak COBOKYIMHOCTb «CBETJBIX» U «TEMHBIX»
CIIOEB W TIO3BOJISIET PEAYIUPOBATH KOJIMYECTBO CIIOEB MOJESIUPYEMOU CIIOMCTON
CTPYKTYpbl A0 KomuuecTBa mnomynepuogoB BBP, wu  cBogutcs K
MTOCTIEIOBATENNFHOMY TIEPEMHOXEHHIO TIBYMEPHBIX MATPHIL.
KaroueBble ci1oBa: MaTeMaTHYECKOE MOJICIIUPOBAHHE,
OpAOTTOBCKHE CTPYKTYpHI, MaTpHIla T[epeavd, IIIOCKUe
HEOJTHOPOTHOU CpefIe.

BOJIOKOHHBIC
BOJIHBI B

SIMULATION OF THE REFLECTION SPECTRUM
OF FIBER BRAGG GRATINGS AS A STRUCTURAL ELEMENT
OF COMBINED FIBER-OPTIC SENSORS

T.A. Agliullin, V.I. Anfinogentov, B.1. Valeev, A.1. Sadykova, A.Zh.
Sakhabutdinov

Annotation. The paper investigates and compares methods for forming the
spectral response of a fiber Bragg grating (FBG), based on determining the
reflection and transmission coefficients of plane waves through layered
structures, followed by solving a system of linear equations for the
transmission and reflection coefficients in each layer by the sweep method.
Methods based on the construction of transfer matrices for the FBG as a whole,
the output of the recording form of which differs or is not complete in a variety
of sources, are studied. For a comparative analysis, two dependencies of the
reflection coefficient on the wavelength for a homogeneous FBG, as often cited
in various publications, are chosen. The dependencies of the FBG reflection
coefficients, which are formed on the basis of the transmission matrix, which
has Chebyshev polynomials of the second kind in its structure, are excluded
from consideration. Modeling options based on recurrence relations, including
the need to calculate Chebyshev polynomials, were deliberately excluded from
consideration, since they do not benefit in performance compared to the
method of transmission and reflection coefficients. A modification of the
method of reflection and transmission coefficients has been proposed and
studied, which involves modeling FBGs by a layered structure, representing
FBGs as a set of "light" and "dark" layers, allows reducing the number of layers
of the simulated layered structure to the number of FBG half-periods, and is
reduced to successive multiplication of two-dimensional matrices.

Keywords: mathematical modeling, fiber Bragg structures, transfer
matrix, plane waves in an inhomogeneous medium.




AIIITAPATHO-ITPOI' PAMMHBIN IEMOHCTPATOP
CUCTEMBI PACTIPEJEJIEHI S KBAHTOBBIX KJIFOUEN
JUIA FOHOIIECKUX YEMITMOHATOB WORLDSKILLS

U M. I'aboynxaxos, E.A. [ pomos
(nayunvie pykosooumenu.: O.I. Moposos, npogheccop KHUTY-KAU;
U U. Hypees, npogheccop KHUTY-KAU)

AnHoTanms. B cTtaTbe paccMOTpeH anmnapaTHO-POrPaMMHBIN JEMOHCTPATOP IS
HCCIIEIOBAaHUSl XapaKTEPUCTUK CUCTEMBI KBAHTOBOI'O PACIPENEIICHUS KIIOYEH C
YaCTOTHBIM KOIUPOBAHWEM Ha OCHOBE TaHAEMHOIO aMIUIUTYIHO-()a30BOro
MOIYIALIMOHHOTO TPeoOpa30BaHMsI ONTHYECKOM HECymed U  IOATOTOBKU
CHEIUAINCTOB II0 HMX OJKCIUlyarauuu. JleMoHCTparop sBIsSETCS XOpOLIUM
KaHJIAJIATOM JUIsl UMIIOPTO3aMEILEHHS] IIPU UCIIOJIb30BAaHUN B XOJI€ COPEBHOBAHUI
foHomecknx — demnuoHnatoB ~ WorldSkills.  Kpome Toro, mpemioxeHHBIH
JEMOHCTPATOp, BCTPaUBAaEMbli B HACTOJBHBIA KOMIIBIOTEP, MOXET BBINONHIThH
(yHKIMH YCTPOMCTB JOCTyIa, KOTOPHIE MOXKHO MOAKIIOYUTH K TEPMHUHAIY,
COBMEIIICHHOMY C Vy3JI0M KBAaHTOBOW CE€TH, Ul IOMNOJHEHHS XPaHWIUIIA
CEKPETHBIX KIIOYEH, KOTOpOE 3aTeM MOKHO HCIIONb30BaTh sl MIM(POBAHUS
MOBCE/THEBHOM JIESITEIPHOCTH Ha OOBIYHBIX TUIAaT(opMax, Takux kak MHTepHeT.
KuiroueBble ¢ji0Ba: CUCTEMa KBAHTOBOI'O PacHpeNeNICHUs KIIFOUEH ¢ 4aCTOTHBIM

KOJMPOBaHHEM, TaHJEMHOE aMIUTATYIHO-(ha30BoOe MOIYIIAIIIOHHOE
peoOpa3oBaHme ONTHUYECKON HECYyILIEH, anmnapaTHO-IIPOrpaMMHBIN
JEMOHCTPATOP, MMIIOpTO3aMeIleHHe, HAYYHO-HCCIIEI0BATEbCKAS u

oOpazoBarenbHbIe  TIATGOPMBI,  IOoHOmeckuit  demmumonat  WorldSkills,
YCTpOKCTBO AocTyna B UHTEpHET.

HARDWARE AND SOFTWARE DEMONSTRATION
QUANTUM KEY DISTRIBUTION SYSTEMS
FOR YOUTH WORLDSKILLS CHAMPIONSHIPS

ILM. Gabdulkhakov, E.A. Gromov
(Supervisors: O.G. Morozov, professor KNRTU-KAI;
LI Nureev, professor KNRTU-KAI)

Annotation. The article discusses a hardware-software demonstrator for
studying the characteristics of a quantum key distribution system with
frequency coding based on tandem numerical-phase modulation conversion of
an optical carrier and prepared by specialists in their operation. The
demonstrator is a good candidate for import substitution during the WorldSkills
Junior Championships. In addition, the proposed demonstrator, embedded in a
desktop computer, can launch access to a terminal that can be connected to a
terminal co-located with a quantum network node to store a secret key store
that can be used to use the functions of daily activities on common platforms
such as the Internet. .

Keywords: frequency-coded key distribution calculation system, tandem
amplitude-phase modulation conversion of optical initiative, hardware-
software demonstrator, import-substituting, research and educational
platforms, WorldSkills youth championship, Internet access.

[MEPCIIEKTHUBBI UCITOJIB3OBAHUA MAT'HUTHbBIX
U MATHUTOSJIEKTPUYECKNX HAHOYACTMUL]
B BUIOMEIULIMHCKUX UCCJIIEAOBAHUAX
I .B. Camueynnun, A.FO. Apxunos, I'B. Cubzamyniuna

AnnoTtamus. B 0630pe onrcanbl criocoObl UCMOMb30BAHKS MATHUTHBIX HAHOYACTHII
(MHY) m wmarauTosnekrpudecknx Hanodactunm (MOHY) B ¢yHIaMeHTaIpHBIX
OMONOTMYECKNX W MEIWIMHCKUX HcCienoBaHusx. OCHOBHOE BHHMAaHHE YIEIEHO
OCBEILICHUIO METOJIOB HEMHBA3WBHOIO BIMSIHYS HA KJICTOYHYHO aKTHBHOCTb, ITyTEM
AKTUBAIMH HAHOYACTHII C TIOMOIIIBI0 MATHUTHBIX TTOJIEH.

PERSPECTIVES FOR THE USE OF MAGNETIC
AND MAGNETOELECTRIC NANOPARTICLES IN BIOMEDICAL
RESEARCH
D.V. Samigullin, A.Y. Arkhipov, G.V. Sibgatullina

Abstract. The review describes methods of using magnetic nanoparticles
(MNPs) and magnetoelectric nanoparticles (MENPs) in fundamental biological
and medical research. The main attention is paid to the coverage of methods of
non-invasive influence on cellular activity, through the activation of nanoparticles
using magnetic fields.




KiroueBble W) (1): 7Y HaHOYaCTHIIBI, MarHuTHbIE HaHOYACTHIII,
MAarduTONICKTPUICCKUC HAHOYACTUIIBL.

Keywords: nanoparticles, magnetic nanoparticles, magnetoelectric
nanoparticles.

[IPOLIEJIYPbI OBYUEHMSI HEMPOHHOM CETH JIUII [TOUCKA U
PACIIO3HABAHU S I'PY30BbIX KOHTEMHEPOB
PA. Maxapos
(nayunwiti pykosooumens: O.1. Moposos, npogheccop KHUTY-KAU)

Annomayusa. B nanHol craThe onuchIBaeTcs o0yueHue HelipoHHoi cern Faster
Renn Resnet 50 mis mowcka M pacrmo3HaBaHUs TPy30BOTO KOHTEHHepa Ha
n3o0pakeHuu. [l oOydeHuss MOJCIU HEOOXOAMMO COOpaTh JaHHBIC JIIS
o0y4deHus, a TaKXKe pPa3METHTh HX COOTBETCTBYIOIUM oOpa3zom. OOyueHue
HEHPOHHON CETH MPOM3BONMIOCH Ha s3bIKe MporpammupoBanus Python c
rcrnonbp3oBanrneM Oondmuorexn Tensorflow.

Knioueevle  cnoea:  wm3o0OpakeHue, Tpy30BOM  KOHTEHep,  IOWCK,
pacro3HaBaHUEe, HEMPOHHAs CETh.

NEURAL NETWORK TRAINING PROCEDURES FOR SEARCHING
AND RECOGNIZING CARGO CONTAINERS
R.A. Makarov
(Supervisor: G.A. Morozov, professor KNRTU-KAI)

Annotation. This article describes training a Faster Rcnn Resnet 50 neural
network to search and recognize a cargo container in an image. To train the
model, you need to collect training data and label it appropriately. The neural
network was trained in the Python programming language using the
Tensorflow library.

Keywords: image, cargo container, search, recognition, neural network.

COBPEMEHHOE COCTOSAHUE METO10OB MAIIMHHOI'O OBYYEHI B
IMPUJIOKEHMAX OBPABOTKH OTHOMEPHbBIX CUT'HAJIOB

b.W. Banees, A.W. CanpikoBa, A.H. CanaxytamnHosa,
A.A. CaxabytouaoBa, JI.A. CaxaOyTauHOBa
(mayunsiii pykoBoauTenb: ArmuyiominH T.A., morear KHUTY-KAN)

AHHOTauMsl. 3a TIOCNICAHEE NEeCATHIIETHE CBEpTOUHbIe HelponHble ceTH (CNN,
aarn. Convolutional Neural Networks) cramm mo ¢axry crammaprom s
pa3IMYHBIX Olepanuii KommbioTepHoro 3peHms (Computer Vision, aHII.) #
MammuHHOTO 00ydeHust (Machine Learning, anri.). CBepTOYHbIE HEHPOHHEIE CETH
MIPEACTABIAIOT co00N MCKyccTBeHHBIe HeliporHble cetn (ANN, anrm Artificial
Neural Networks) ¢ mpsiMoli CBSI3bIO, YEpPEAYIOIIMMHCS CIOSIMH CBEPTKH U
cyomuckpernzanui. 1y0okne IByMEpHBIE CBEPTOYHBIE HeWpoHHBIE cetn (2D
CNN) cO MHOTUMH CKPBITBIMH CIOSMH M MHJUIMOHAMH I1apaMETPOB HMEIOT
BO3MOKHOCTH 00padaThIBaTh CIIOKHBIE OOBEKTHI M IAOIOHBI IPH YCIOBUH, YTO X
MOXHO 00ydJaTh Ha 0a3e JaHHBIX OONBIIOrO pa3Mepa ¢ METKaMU JOCTOBEPHOCTH.
[Tpu nomxHOM OOydYeHMH, 3Ta YHHKAJIbHAs CIIOCOOHOCTBH JIENaeT WX OCHOBHBIM
MHCTPYMEHTOM B pa3MYHBIX HMH)KCHEPHBIX NPHIOKEHUSAX JUIl  aHaM3a
JIBYMEPHBIX CUTHAJIOB, TAKMX KaK N300pa’keHMs U BUICOKaphl. TeM He MeHee, 9TO
MOXET OBITh HENpHEMJIEMBIM BapUaHTOM BO MHOTHUX [PHJIOKEHHAX C

CURRENT STATE OF MACHINE LEARNING TECHNIQUES IN ONE-
DIMENSIONAL SIGNAL PROCESSING APPLICATIONS

B.1 Valeev, A.1. Sadykova, A.N. Salakhutdinova,
A.A. Sakhabutdinova, L.A. Sakhabutdinova
(Supervisor: Agliullin T A. associate professor KNRTU-KAI)

Annotation. During the last decade, Convolutional Neural Networks (CNNs)
have become the de factostandard for various Computer Vision and Machine
Learning operations. CNNs are feedforward Artificial Neural Networks
(ANNs) with alternating convolutional and subsampling layers. Deep 2D
CNNs with many hidden layers and millions of parameters have the ability
to learn complex objects and patterns providing that they can be trained on a
massive size visual database with ground-truth labels. With a proper training,
this unique ability makes them the primary tool for various engineering
applications for 2D signals such as images and video frames. However, this
may not be a viable option in numerous applications over 1D signals
especially when the training data is scarce or application specific. To address
this issue, 1D CNNs have recently been proposed and immediately achieved
the state-of-theart performance levels in several applications such as
personalized biomedical data classification and early diagnosis, structural




OJHOMCPHBIMH CUTHAJIaMH, 0COOEHHO Koraa o6yqa}01u1/1x JaHHBIX HEAOCTATOYHO
WIH OHU clenu(PUYHbl Uil KOHKPETHOTO NPUIOKEHHs. UTOOBI pemuTh 3Ty
npobiemMy, OBUIM TPEAJIOKEHB OIHOMEPHBIC CBEPTOYHBIC HEHPOHHBIE CETH
(1D CNN), xoTopble cpa3y XKe JOCTHINIM CaMbIX COBPEMEHHBIX YpPOBHEH
MMPOU3BOAUTECIIBHOCTH B MHOI'MX IMPUMCHCHUAX, HAIIpUMCP, TaKUX 00JacTIX Kak
MEPCOHAIM3UPOBAHHAS KJIACCU(UKAIIUS OMOMEAMIIMHCKUX JaHHBIX W PaHHSISI
JMAaTHOCTHKA, MOHUTOPUHT  COCTOSIHUS ~KOHCTPYKIHH, OOHapyXeHHe u
UACHTU(UKALIMS aHOMAJUi B CHUJIOBOM JJICKTPOHHMKE, WM OOHApy)KEHHE
HEUCIIPAaBHOCTEW siekrpoasurareneil. Eiie OoIHO BaXHOE HX IPEUMYLIECTBO
3aKJII0YaeTcs B TOM, YTO BO3MO)KHA HEoporas anmnapaTHas pean3alus B pexXuMe
peasbHOTO BpeMeHW Ojarofgaps TIPOCTOM H KOMIAKTHOM KOH(HUTypaluu
OHOMEPHBIX HeﬁpOHHLIX cereﬁ, KOTOPBIC BBIIIOIHAKOT TOJBKO CKaJIsIPHBIC
YMHO)KEHUS U clokeHns1. COBPEMEHHOCTh OTHOMEPHBIX CBEPTOYHBIX HEHPOHHBIX
cerel TMOMYEPKUBAETCS WX KOJIOCCATBHON YHHKAJIBHOW MPOU3BOAUTEIHHOCTHIO.
IIpoBenem 0630p obOueit MPUHITMIIOB OJITHOMEPHBIX CBEPTOYHBIX HEHPOHHBIX CETEM,
a TaKXKe HUX OCHOBHBIX WH)KEHEPHBIX NPUIOKEHUH, yIeIuB 0c000€ BHUMAaHHE
JOCTYKEHUSM B 3TOH 00nacTH.

KirwoueBble cj10Ba: MCKYCCTBEHHbIE HEHPOHHBIE
o0yueHue, CBepTOUHbIC HEHPOHHBIE CETH.

CCTHU, MaIIMHHOC

health monitoring, anomaly detection and identification in power electronics
and electrical motor fault detection. Another major advantage is that a real-
time and low-cost hardware implementation is feasible due to the simple and
compact configuration of 1D CNNs that perform only 1D convolutions
(scalar multiplications and additions). This paper presents a comprehensive
review of the general architecture and principals of 1D CNNs along with their
major engineering applications, especially focused on the recent progress in
this field. Their state-of-the-art performance is highlighted concluding with
their unique properties. The benchmark datasets and the principal 1D CNN
software used in those applications are also publicly shared in a dedicated
website.

While there has not been a paper on the review of 1D CNNs and its applications
in the literature, this paper fulfills this gap.

Keywords: artificial neural networks, machine learning, convolutional
neural networks.

2022. T.2.
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KOHTPOJIb YPOBHA I'/TIOKO3bI B KPOBH YEJIOBEKA,
CTPAJAROLLET O CAXAPHBIM JIUABETOM,
C I[IOMOILLBIO CBY METO/]A
A.A. Cunanmvesa, O.I. Moposos, C.B. Cmupnos, B.H. Apmemves, I']].
Mapoaros

AnHoTanus. B pabore npeanoxkeH METOl KOHTPOJISI YPOBHS TITFOKO3BI B KPOBH
YeloBeKa C TIOMOIIBIO0 KOJNBIIEBOTO PE30HATOPHOTO JaTdyhMka Ha OCHOBE
CUMMETPHUYHOMN OJIOCKOBOM TMHUU. J[aHHBII BUJ TOJIOCKOBBIX JINHUH MTO3BOJSIET
n30aBUTBCS OT HENOCTATKOB, cymlecTBymux CBU-matynkoB Ha OCHOBE
MUKPOITOJIOCKOBBIX ~ JIMHUH 32 CYET HaJuW4dus JBYX OKPaHUPYIOIIUX
noBepxHocteit. B mporpamme CST Microwave Studio 6e110  mpoBeeHO
MOJIENIMPOBAHKE KOJIBIIEBOTO PE30HATOPHOTO JAaTYHKA, CMOJIEIHPOBAHHOTO Ha

CONTROL OF THE LEVEL OF GLUCOSE IN THE BLOOD
OF A HUMAN WITH DIABETES MELLITUS USING
THE MICROWAVE METHOD
A.A. Silantieva, O.G. Morozov, S.V. Smirnov, V.l. Artemiev, G.D. Mardanov

Annotation. The work proposes a method for controlling the level of glucose
in the human blood using a ring resonator sensor based on a symmetrical strip
line. This type of strip lines allows you to get rid of the disadvantages existing
microwave sensors based on microsopolous lines due to the presence of two
shielding surfaces. In the CST Microwave Studio program, modeling of a ring
resonator sensor was simulated on the basis of preliminary numerical
calculation of its parameters, and a further analysis of measurements with
various properties of the object.




OCHOBE IIPEABAPUTEIILHOTO YHMCICHHOIO pacyeTra €ro IapaMerpoB, H
JalbHEHIIM aHaIM30M U3MEPEHHI MTPU Pa3IMYHBIX CBOMCTBAX 00BEKTA.
KawueBbie cioBa: quaber, TIIIOKOMETpP, KONBLEBOH PE30HATOPHBIN JaT4HK,
JUDJIEKTpUYECKass IMPOHULAEMOCTb, CHMMETPUYHAs IIOJIOCKOBAas  JIMHUS,
MHKPOIIOJIOCKOBAs JIUHUSL.

Keywords: diabetes, glucometer, ring resonator sensor, dielectric constant,
symmetrical strip line, microstrip line.

MAJIOI' AGAPUTHBLIE CITEKTPAJIBHBIE ITPUBOPEHI
P.P. Axmemeaneesa, H K. Ilasnviuesa

Aunnortanus. [IpeacrasieH KOMIUIEKC MajloradapuTHBIX MIPUOOPOB, COCTOSIIUI

u3 crnekrpoduryopuMerpa U crekrtpodoromerpa. OmnpeaeneHbl ONTUMaIbHBIE

TEXHUYECKHE XapaKTepucTuku. OnTrdeckue cxembl pudopoB (crekrporpad c

IUIOCKHM TIOJNIeM ¥ S-00pasHbii criiekTporpad) OCHOBAaHBI Ha TOJNIOTPAMMHBIX

TUpPaKIMOHHBIX ~ pelIeTkax ¢ Koppekiued aleppamuii ¥ OTIMYAIOTCS

JOCTATOYHO BBICOKMM CIIEKTPaJbHBIM M TPOCTPAHCTBEHHBIM DPa3peIIeHUEM,

MUHUMANbHBIME ~ Ta0apuTaMH, OONBIINM  OTHOCHTEIHHBIM  OTBEPCTHEM,

KOHCTPYKTHBHOM IIPOCTOTOH, HAACKHOCTHIO (pyHKIMoHHpoBaHUs. [IpuBencHbI

pe3yabTaThl KOMIBIOTEPHOTO MOJEIMPOBAHUS U IKCIIEPUMEHTANbHBIE JTaHHEIE,

TIOJIYICHHBIC HA MAKETHBIX 00pasmmax mpruOopoB.

KawueBble cioBa: criektporpad, CIEKTpoaHAIH3aTOp, CIeKTpodiIyopumerp,
CHIeKTPOOTOMETpP, BOTHYTash ToJOrpaMMHAas JUQPAKIMOHHAS  pelIeTKa,
abeppanmonHast QyHKIHS, KOPPEKITHs abeppariuii.

COMPACT SPECTRAL DEVICES
R.R. Akhmetgaleeva, N.K. Pavlycheva

Abstract. A complex of small-sized devices consisting of a
spectrofluorimeter and a spectrophotometer are presented. Optimal
technical characteristics are determined. The optical schemes of the
devices (a flat-field spectrograph and an S-shaped spectrograph) are
based on hologram diffraction gratings with correction of aberration and
they are characterized by sufficiently high spectral and spatial
resolution, minimal dimensions, large relative aperture, structural
simplicity, and reliability —of operation. The results of
computer simulation and experimental data obtained on prototype
models of devices are presented.

Keywords: spectrograph, spectrum analyzer, spectrofluorometer,
spectrophotometer, concave hologram diffraction grating, aberration
function, aberration correction.

NCCIJIEJOBAHUE IMTPOLIECCA MUKPOBOJIHOBOI'O HAT'PEBA
COCHOBBIX HIMIIEK JJIA BRIAEJIEHWA N3 HUX CEMAH BBICOKOI'O
KAYECTBA
A.3. Ilemposa, I''A. Mopo3zos, U.T. Lllapunos

AnHotanus: llens wcciaenoBaHWst — OIEHUTHh BIUSHHE MHKPOBOJHOBOTO
OONlydeHWsT WIMIIEK COCHBl Ha KadecTBO TMony4daemblx cemsH. [llwmkn
MO/IBEPTaINCh BO3ACUCTBUI0O MHUKPOBOIHOBOT'O W3JIYYEHHUS, IPOU3BOIMNMOIO
reaeparopoM MomHocTei0  700-800 Bt. MHccnenoBaHue NpoOBOJUIOCHE B
HECKONIbKUX pEKHMaX, B KOTOPBIX IIEPEMEHHBIM I[ApaMeTPOM  SIBIISIIACH
MPOAOIKUATENNEHOCTE MUKPOBOITHOBOTO 00 Ty4deHus. Pactipenenenre Temmepatypsl
Ha TIOBEPXHOCTH W BHYTPH KOHYCOB OIPENEIUIA C TOMOIIBIO CHEIHabHOTO
TepMmomerpa. OIEHHBAIIM TakXe JHEPTUi0 (BKU3HECTIOCOOHOCTh) M BCXOXKECTh
(kmacc kadecTBa) ceMsH, 0OpaOOTaHHBIX MHKPOBOJHOBBIM H3ITyYCHHEM.

INVESTIGATION OF THE PINE CONES MICROWAVE
HEATING PROCESS TO EXTRACT HIGH QUALITY
SEEDS FROM THEM
A.Z. Petrova, G.A. Morozov, I.T. Sharipov

Abstract: The purpose of the study is to evaluate the effect of microwave
irradiation of pine cones on the quality of the seeds obtained. The cones were
exposed to microwave radiation produced by a generator with a power of 700-
800 W. The study was carried out in several modes, in which the duration of
microwave irradiation was a variable parameter. The temperature distribution
on the surface and inside the cones was determined using the special
termometr. The energy (viability) and germination (quality class) of seeds
treated with microwave radiation were also evaluated. The results of the
research made it possible to state that with the accepted process parameters, it




PesgynbTaThl MccleqoBaHWI MO3BONMIM KOHCTATHPOBAaTh, YTO TPH MPHHATHIX
nmapaMerpax mpolecca BO3MOXKHO TONydeHHE CeMsSH BTOPOro Kiacca KadecTBa
mocje BO3JEHCTBHA MUKpPOBONH B TeueHue 6 c. Ilpu yBennueHun BpemeHU
OOJIYy4EHUS CBBIIIC 6 C KM3HECTIOCOOHOCTh CEMSTH CHUXKAJIACh, & UX KAYECTBO OBLIO
HEYAOBJICTBOPUTEIBHBIM.

KawueBble cjioBa: cocHa OOBIKHOBEHHAs, CEMEHA; JJIEKTPOMAarHHTHOE
W3IyYEHHE; TEMIIEPaTypa; KIIacc Ka4ecTBa CEeMsIH; BCXOXKECTb.

is possible to obtain seeds of the second quality class after exposure to
microwaves for 6 s. With an increase in irradiation time over 6 s, the viability
of the seeds decreased, and their quality was unsatisfactory.

Keywords: pine; seeds; electromagnetic radiation; temperature; seed
quality class; germination.

OJ/IMH 13 BAPMAHTOB ITOBBIIIEHI S
ITOMEXO3AIIMIIIEHHOCTHU IU®POBLIX KAHAJIOB
CBs31 C QUASI-QAM
A.@. I'unvghanosa, . A. Bedenvrun

AHHOTauMs. B craTbe npeAcTaBieHbl  pe3yibTaTbl  OLUEHKM  IIOBBIIUICHUS
TIOTCHIIMAJIa TTIOMEXOYCTOWYHNBOCTH KaHaja CBS3U C IpUMeHEeHHeM quasi-QAM
(Quadrature Amplitude Modulation-kBaaparypHasi MOIYJISIINS) MOIY/ISIHH.
[IpousBeneHn aHanmM3 CyMIECTBYIOIIMX TEXHUYECKUX pEIIEHUH H METOIUK
oOecriedeHHsT TIOMEXO3aIUIIEHHOCTH KaHaja cBsi3u. llpemnmoxeH omuH U3
BapHAHTOB IOBBIIICHUSI ITOMEXO3AIUIIIEHHOCTH C WM3MEHEHHEeM CHTHAJIBHOTO
co3Be3mus 1Mo Mmeronmy quasi-QAM. B cratbe o0OCyXKIaroTcs pe3yibTaThl
MaTeMaTH4IecKoro MOACTHPOBAaHUS IHU(POBOTO KaHANa CBSI3U C Pa3TUYHBIMU
BHJIaMH IITyMOB (O€IBIN, PO30BBIN, KPACHBIH, CHHIA U (PHOTETOBBIN).
KuroueBble cjioBa: MaTeMaTHIeCKOE MOJIEIIMPOBAHNE, MOV, KBaApaTypHas
aAMIUTATYTHAS MOAYIISIINSI, CHTHAJIFHOE CO3Be3/Ire, OeNbIi IIyM, IIBETHON IIyM.

ONE OF THE VARIANTS OF INCREASING THE IMMUNITY OF
DIGITAL COMMUNICATION CHANNELS
WITH QUASI-QAM
A.F Gilfanova, D.A. Vedenkin

Annotation. The article presents the results of assessing the increase in the
noise immunity potential of a communication channel using quasi-QAM
modulation. An analysis of existing technical solutions and methods for
ensuring the noise immunity of the communication channel was made. One
of the options for increasing noise immunity with a change in the signal
constellation using the quasi-QAM method is proposed. The article discusses
the results of mathematical modeling of a digital communication channel with
various types of noise (white, pink, red, blue and violet).

Keywords: mathematical modeling, modulation, quadrature
amplitude modulation, signal constellation, white noise, colored

noise.

N3MEPEHUE ITbE3O2JIEKTPUUYECKOI'O HAITIPSDKEHU A
INOJIMKAPBOHATA ABTOI'EHEPATOPHBIM METOJIOM
E.A. bobuna, C.A. Kapanoauios

AHHOTaumus. B crathbe paccmaTpuBaeTcs aBTOTEHEPATOPHBIA METOJ
M3MEpeHHs Ibe30HANPsDKeHNs monnkapoonara. [lokasaHo, 4Tto nuama3oH
4acToT aBTOTEHEPATOPOB, HCTIOJIh3yEMBIX ISt A3MEpEeHUS
NbE3OHANpPSKEHUs, JeKUT B mnpepenax 49 MIu. IlpoBenenst
AKCIIEpUMEHTAIIEHBIE HCCIIE/IOBaHMS, HaIlpaBIIEHHbIE HA MOJTBEPKICHUE
MPaBIIIBHOCTH MojienupoBaHus. llokasaHo, 9To IS KOHTpOMNS Tpeaena
MIPOYHOCTH TOJTMKapOOHATA TOCTATOYHO CTAOMIILHOCTH YacCTOTHI OMOPHOTO
Y U3MEPUTEIIBHOTO aBTOr€HEPaTOPOB ~10%2

PIEZOELECTRIC VOLTAGE MEASUREMENT OF POLYCARBONATE
USING THE AUTOGENERATING METHOD
E.A. Bobina, S.A. Karandashov

Annotation. The article deals with the autogenerating method of
measuring the piezoelectric voltage of polycarbonate. It is shown that
the frequency range of autogenerators used to measure piezoelectric
voltage lies within 4+-9 MHz. Experimental studies aimed at confirming
the correctness of the simulation were carried out. It is shown that for
controlling the strength limit of polycarbonate the frequency stability of
the reference and measuring autogenerators ~107 is sufficient.
Keywords: autogenerating method, piezoelectric effect, polycarbonate,
piezo-voltage measurement.




KuioueBble c¢JIOBA: aBTOTEHEPATOPHBIA  METOM, IHE303JIEKTPHUCCKHUI
a¢dexr, nonukapOOHAT, U3MEPCHUE ITbE30HATIPSHKCHUS.

MOJIEJIMPOBAHUE YPE3BBIYAMHOM CUTYALIMM HA OB BEKTE
AOBbIYM I'OPHBIX TTOPO/I
E.B. Mypasvesa, B./[. [lopogheesa

AHHoTanus. B craTtee mpoBoanTCA pacder He0OXOMMOro KOJIMYeCTBa OKAPHOM
TEXHUKH, JINYHOTO COCTaBa MOKAPHBIX MOJpPAa3IeIeHUi JUIs JTOKaIU3aIi 04aros
Mokapa Ha CKJaJie B3phIBYAThIX MaTepUajoB IMOA3EMHOr0 KomIuiekca Tamuikoro
TOpHO-000TaTUTENBHBI KOMILIeKca. B mpomecce paboTel  pa3paboTaHbl U
NPpEAIOKECHBI MEPOIPUATUA W TCEXHUYCCKUC PCIICHUA, HaAllpaBJICHHBLIC Ha
MIpeoTBpaIleHne BO3HUKHOBEHHS M paclpocTpaHeHus moxapa. I[Ipemmaraemsie
TEXHHUYCCKUEC PCUHICHUA MOI'yT ObITh HCIIONB30BaHLEI Ha NpeaInpuATU AO
«BepxHekamcKkasi KauitHass KOMIIaHUsD.

KurloueBble ciaoBa: onacHble IPOU3BOJICTBEHHBIE O0BEKTHI; 0€30MacCHOCTh
MyTel SBaKyallH; B3pHIBUATHIC BEIIECTBA; KPUTHYECKOE BpEMs IOXKapa;

IJIaH JICHCTBUH TIPH TOXKape, TOPHO-000TaTUTENFHBIN KOMILIEKC, OITaCHBIN
MIPOM3BOICTBEHHBI OOBEKT, TUKBUIAINS TIOXKapa, IBaKyalns IepcoHana,
ro)kapocrnacaTenbHasi TEXHUKA, OKOJIOCTBOJILHBIN JIBOP.

SIMULATION OF AN EMERGENCY SITUATION
AT A MINING FACILITY
E.V. Muraveva, V.D. Dorofeeva

Abstract. The article calculates the required number of fire equipment,
personnel of fire departments for the localization of fire foci in the warehouse
of explosive materials of the underground complex of the Talitsky mining and
processing complex. In the process of work, measures and technical solutions
aimed at preventing the occurrence and spread of fire have been developed and
proposed. The proposed technical solutions can be used at the enterprise of JSC
Verkhnekamsk Potash Company.

Keywords: mining and processing complex, hazardous production
facility, fire elimination, evacuation of personnel, fire rescue equipment,
near-barreled yard.

KOMIIJIEKC YYEBHO-METO/JJUUYECKINX MATEPHUAJIOB
JJIA N3YUEHUS JUCHUTTJIIMHBI « 3MC P3C» B BY3AX
PAJUOTEXHUYECKOI'O ITPODUJISA
FO.E. Ceoenvruxos

AHHOTanms. [laHa XapaKTEpUCTHKAa TEKYLIEr0 COCTOSHUS MAaTepHUajoB s
m3ydenust aucuumiinael OMC POC cryneHTamMu BY30B paguOTEXHHYECKOIO
mpopunsa.  Paspaboran  KoMIieKC — y4eOHO-METOMMYECKHX  MaTepHAJIOB,
COOTBETCTBYIOILMX aKTyaJIbHbIM TPeOOBaHUSIM (efepasbHOro rocyJapCTBEHHOIO
00pa3oBaTeNbHOrO CTaHAapTa Bbicuiero oOpasoBaHus. Komiuiekc cocTouT u3
OCOOHH O TEOPETHUECKOMY KYPCY M MPAKTUYECKUM 3aHSITHAM U 3JIEKTPOHHOIO
KOHCIIEKTa JIEKLIUH.

KioueBble  cioBa:  2JIEKTPOMAarHUTHasE  COBMECTHMOCTb, y4eOHO-
METOANYECKUE MaTepHuajibl, yueOHOEe MOCOOMEe, 3JIEKTPOHHBIM KOHCIEKT
JIEKIIUH.

COMPLEX OF EDUCATIONAL AND METHODICAL MATRRIALS FOR
THE STUDY DISCIPLINE “EMC* BY STUDENTS OF UNIVERSITIES
OF RADIO ENGINEERING PROFILE
Yu.E. Sedelnikov

Annotation. A description of the current state and goals of materials for the
study of the EMS RES discipline by students of universities of radio
engineering profile is given. A set of educational and methodological materials
that meet the current requirements of the federal state educational standard of
higher education has been developed. The complex consists of manuals on the
theoretical course and practical exercises and electronic lecture notes.

Key words: electromagnetic
textbook, electronic lecture notes.

compatibility, teaching materials,




PA3PABOTKA MAKETA ®A30BOI'O IIEJJEHI'ATOPA C IIPUMEHEHMEM
TEXHOJIOT' MU PAJUODPOTOHMKU
K. b. Mapmupocos

AHHoTanus. B padore npeanoxkeHa METOJHMKa ONMpEeNeHUs TIeJIeHTa Ha
HCTOYHHUK PaJUOU3IIYYEHHSI C UCIIOJIB30BAHUEM JIBYX3JIEMEHTHOW aHTEHHOM
pemerkn. OcOOEHHOCTBIO CXEMBI SIBIISIETCS] MCIIOJIb30BAHKE JIBYX KaHAJIOB,
KKl M3 KOTOPBIX BKIIIOYAET B CE0s ABYXIOPTOBBIN MomynsaTop Maxa-
Hennepa, ontudeckuii onocoBod GuinbTp u Qoromerekrop. OTHOIIEHHE
aMILTUTY]l CHTHAJIOB Ha BBIXOJIaX KaHAJIOB MPOMOPIIMOHATIBLHO Pa3HOCTH (a3
CUTHAJIOB, MIPUHATHIX JJIEMEHTAMH PEIIETKH W HE 3aBUCHUT OT aMIUIUTY/bI
BXOJIHOT'O CUT'HAJA.

KaloueBble cioBa: pagnodOTOHNKA;  PaaANOIOKAIINS,
MOZYJIATOP Maxa-I{anaepa; 1ByXIIOPTOBBIM MOLYJISTOD;
(hOTOHHBIE CXEMEI.

(ha3oBBIN  IIEJICHT;
HUHTEIrpaJIbHBIC

DEVELOPMENT OF A LAYOUT OF A PHASE DIRECTION FINDER
WITH THE APPLICATION OF RADIO PHOTONICS TECHNOLOGY
K. B. Martirosov

Annotation. The paper proposes a method for determining the bearing
to a radio emission source using a two-element antenna array. A feature
of the scheme is the use of two channels, each of which includes a two-
port Mach-Zehnder modulator, an optical band-pass filter, and a
photodetector. The ratio of the amplitudes of the signals at the outputs
of the channels is proportional to the phase difference of the signals
received by the elements of the array and does not depend on the
amplitude of the input signal.

Keywords: radio photonics; radar; phase bearing; Mach-Zander
modulator; two-port modulator; integrated photonic circuits.

KOHTPOJIb TEMITIEPATYPHI U TEOMETPUU IIMH OBMOTOK
CUJIOBBIX TPAHC®OPMATOPOB. IOCTAHOBKA 3AJJAYM HAYUYHBIX
NCCJIEJOBAHUIA
Hsanenxo B.A., Hypeee U.U., Caxabymounos A.7K.,

Mucbaxoe Pyc.1ll., Apmemves B.A., Teruwmes A.M.

AnHotanus: Cunoseie Tpanchopmaropsr (CT) urparoT OCHOBOMOIATAOIILYIO
poib B cHCTEMax Iepefavyy 3JIEKTPOIHEPTUU OT MCTOYHHUKA JI0 HOTpeOuTeNs U
OTHOCSITCA K KiacCy HauOosiee Ba)KHOTO M JIOPOTrOCTOALIEr0 00OpYHOBaHMA,
HCIIOJIB3YEMBIM B DJIEKTPOIHEpreTHKe. B cBsA3u ¢ 3TUM quarHocTuka ux aed eKTos
W KOHTPOJb IIapaMeTpOB HA MECTe [aeT MHOXECTBO NPEHMMYILECTB IS
obecrieueHs] HAASKHOW TIepeAayd 3JIeKTposHepruu. HeBocnpuUMUYMBOCTH K
JJMIEKTPOMAarHUTHBIM  IIOMEXaM,  H30/SIIMOHHAs  CTOMKOCTb,  BBICOKas
YyBCTBHUTEIBHOCTh M Pa3pellaromasl CIocOOHOCTb, a TaKXkKe Malible rabapuThl
BOJIOKOHHO-ONTHYeCKUX AaTuukoB (BO/I) nenaroT ux o4eHb NpUBIEKATEIbHBIMU
Ul TIPUMEHEHHS B CUCTEMax MOHHMTOpHHra mnapamerpoB HauaexxHoctn CT.
Haunbonee mmpokuii cnexkrp npuinoxenuil B CT wamm BO/] Temnepatypsl,
BJIQXKHOCTH M JAedopManuu oOMOTOK. B cTaThe mpencTaBiieH KpaTKUH aHaIU3
BOJl Ttemneparypsl u KoHTponsi reomerpun o6morok CT, oTmeueHbl ux
JOCTOMHCTBA M HEJOCTATKU, U MOCTABJICHA 3a/la4ya HAyYHBIX HCCIEHOBAHUM UIs
pa3pabOTKH HOBOI'O THIA JATYMKOB C PagroOTOHHBIM aAPECHBIM OIPOCOM —

MONITORING OF THE TEMPERATURE AND GEOMETRY
OF THE POWER TRANSFORMER WINDINGS.
FORMULATION OF THE PROBLEM OF SCIENTIFIC RESEARCH
Ivanenko V.A., Nureev I.1., Sakhabutdinov A.Zh., Misbakhov Rus.Sh.,
Artemyev V.A., Telishev A.M.

Abstract. Power transformers (PT) play a fundamental role in power
transmission systems from source to consumer and belong to the class of the
most important and expensive equipment used in the power industry. In this
regard, diagnosing their defects and monitoring parameters on site provides
many advantages to ensure reliable transmission of electricity. Immunity to
electromagnetic interference, insulation resistance, high sensitivity and
resolution, as well as small dimensions of fiber optic sensors (FOS) make them
very attractive for use in systems for monitoring the reliability parameters of
PT. The widest range of applications in PT found FOS of temperature,
humidity and winding deformation. The article presents a brief analysis of FOS
of temperature and control of the geometry of the PT windings, their
advantages and disadvantages are noted, and the task of scientific research is
set for the development of a new type of sensors with microwave photonic
address interrogation - combined addressed fiber Bragg structures (AFBS) of
phase-wave type and temperature control and the geometry of the windings




KOMOMHHMPOBAHHBIX aJIPECHBIX BOJIOKOHHBIX OparroBckux cTpykrypax (ABBC)
(a30BOTHOBOTO THIA M CUCTEM KOHTPOJS TEeMIIEpaTypbl W TEOMETPHH IIWH
00MOTOK Ha uX ocHoBe. OmpeaencHbl HAPABICHUST HAYYHBIX MCCIICIOBAHUN IS
JOCTH)KEHUS LIENHM MCCIEJOBAHUN - YIy4IIeHHEe METPOJIOTMYECKUX U TEXHUKO-
9KOHOMHYECKHX XapaKTEPUCTHUK BOJIOKOHHO-ONTHYECKMX MHOTOCEHCOPHBIX
CHCTEM KOHTPOJIS TEMIIePaTypbl K U3MEHEHUS! TEOMETPHH IIHH 0OMOTOK CHIIOBBIX
TpaHC(OPMATOPOB Ha OCHOBE UCHONb30BaHUS B HUX ABBC koMOMHMPOBaHHOTO
THTIA KaK YyBCTBUTENBHBIX 3JIEMEHTOB U 3JIEMEHTOB MYJIbTUIIJIEKCUPOBAHMUS.
KawueBbie ciaoBa: paguoOTOHNKA; DHEPreTHKA; CHIJIOBBIE TPaHC(HOPMATOPEI,
OOMOTKa, KOHTPOJNb CXKAaTHs, BOJIOKOHHO-ONTHYECKHH JaT4YMK, aJpecHbIC
BOJIOKOHHBIE OpIrTOBCKHE CTPYKTYPHI (Ha30BOTr0, BOJHOBOTO M (Pa30BOIHOBOTO
THma, 00paboTka B pajMoJHaria3oHe IONYYCHHOW B ONTHYECKOM JUara3oHe
9aCTOTHOM MH(MOpMATIHHL.

monitoring systems based on them. The directions of scientific research are
determined to achieve the research goal - improving the metrological and
technical and economic characteristics of fiber-optic multi-sensor systems for
temperature control and changing the geometry of power transformer windings
based on the use of combined type AFBS in them as sensitive elements and
multiplexing elements.

Keywords: microwave photonics; energy; power transformers,
winding, compression monitoring, fiber optic sensor, addressed fiber
Bragg structures of phase, wave and phase-wave types, processing in the

radio range of frequency information received in the optical range.

HUU «[TPUKJIAJTHOU DJIEKTPOJUHAMUKU,
O®OTOHUKU U )KNBBIX CUCTEM»: HAYUHAS HIKOJIA
«MHUKPOBOJIHOBBIE IMPOLECCHI, TEXHOJIOT U 1 KOMITJIEKCBI»
I A. Moposos

AnHoTauusi. B pabore mnpuBOAWTCS KpaTKuid 0030p Pe3yJabTAaTOB
(yHIaMEHTaTbHBIX W TPUKIAJHBIX HWCCIICIOBAHUI, BBITIOMHEHHBIX 32
rociieqHue aecsath et B HUY npukiagHol 2JIeKTpOInHAMAKH, (OTOHUKH
Y JKUBBIX CHCTEM NPEACTABUTEISIMH HAYIHOW IIKONIBI «MHUKPOBOIHOBBIE
MPOIECCHI, TEXHOJIOTHH MW KOMIUIEKCh» KaszaHCKoro HamnoHaIBHO
HCCIIEZIOBATENBCKOr0 TeXHUYeckoro yauBepcurera nMenn A.H. Tymonesa
(KHUTY-KAN).

KaroueBble  cji0Ba: MUKPOBOITHOBBIE ~ MPOIIECCHI,  TEXHOJIOTHH U
KOMILIEKCHI, MaTEMaTHIECKOEe MOAETUPOBAHUE, METPOJIOTHSI, TEXHIYECKas
AIEKTPOJMHAMIKA, PAAHOPOTOHUKA.

RESEARCH INSTITUTE "APPLIED ELECTRODYNAMICS,
PHOTONICS AND LIVING SYSTEMS": SCIENTIFIC SCHOOL
«MICROWAVE PROCESSES, TECHNOLOGIES AND COMPLEXES»
G.A. Morozov

Annotation. The paper provides a brief overview of the results of
fundamental and applied research carried out over the past ten years at
the Research Institute of Applied Electrodynamics, Photonics and
Living Systems by representatives of the scientific school "Microwave
Processes, Technologies and Complexes" of Kazan National Research
Technical University named after A.l. N. Tupolev (KNRTU-KAL).

Keywords: microwave processes, technologies and complexes,
mathematical modeling, metrology, technical electrodynamics, radio
photonics.
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AKTUBHO-TIACCHBHBIN PAJIJMOCEHCOP
JUJLA TTOBBILIEHU A DPPEKTHMBHOCTU KB-CBSI3U
. B. Usanos, B. A. Heanoe, H.B. Psbosa, P.P. benveubaes, A.A. Encyxos,
A.A. Kucauywin, B.B. Osuunnuxos

AnnoTaums. [IpeacraBiieH  CcO3laHHBII  Ha  OCHOBE  COBPEMEHHBIX
texaomorudi  SDR, DSA, ML UHTEIIEKTyaIbHBIA  PagHUOCEHCOP,
MO3BOJISIIONIMI  WCCIICNOBATh  NMPHKJIAIHBIE 3aJa4d  HOHOC(EpHOro

pacIpocTpaHeHHS BOJTHOBBIX MMAKETOB C MoJIocoi 9acToT oT 3 kI'11 1o 1 MI'1y
B wuHrepecax janbHed KB-cBsizu. Pa3Butsl Meronbl: 30HAMPOBAHUS
roHoc(hepsl Ha MPEASTHEHO MaJIBIX MOITHOCTSX U 33 MUHHMAJIEHOE BPEMS;
OIICHKH JTOCTYITHOCTH NapiuaIbHbIX KB-KkaHa1o0B; KOPPEKIIMH HEraTUBHBIX
3¢ dexToB BHYTpUMOIOBOH aucniepcuu B KB-kanamax ¢ momocoit 1 MI.
KuaroueBnble cjioBa: pagunoceHcop, nonochepa, KB-cBs3b.

ACTIVE-PASSIVE RADIO SENSOR FOR INCREASING
THE EFFICIENCY OF HF COMMUNICATION
D. V. lvanov, V. A. lvanov, N. V. Ryabova, R.R. Belgibaev, A.A. Elsukov,
A.A. Kislitsyn, V.V. Ovchinnikov

Annotation. An intelligent radio sensor developed on the basis of
modern SDR, DSA, ML technologies is presented. Methods have been
developed: sounding the ionosphere at extremely low powers and in the
minimum time; assessing the availability of partial HF channels;
correction of the negative effects of intramode dispersion in HF channels
with a bandwidth of 1 MHz.

Keywords: radio sensor, ionosphere, HF communication.

CPABHUTEJIBHBIN AHAJIN3 METOJIOB MOJIEJIMPOBAHUS CIIEKTPA
BOJIOKOHHBIX BPOI'TOBCKUX PEIIETOK
T.A. Aenuynnun, B.1. Augpunocenmos, O.I. Mopozoe, A.JK. Caxabymounos,
b.U. Banees, B.K. 3axamckuii, H.A. Kazakos, K./l. [lapecopooyes

AnHoTanus: Pabora mocBsIeHa CpaBHUTENFHOMY aHAIN3y CIEAYIOIIIX
METOJOB  MOJICIHPOBAHUS  CIEKTPAIHHOTO  OTKIWKAa  BOJOKOHHOM
Oparrosckoii pemerkd (BBP). Meroag omXHOpPOTHBIX CIIOGB OCHOBaH Ha
orpeneneHny KO3 QPUIMEHTOB OTPAXEHHUS W MPOMYCKAHHS JUIS TIIOCKUAX
BOJTH, PACIIPOCTPAHSIONINXCS Yepe3 CIIOUCTHIE CTPYKTYPHI, C MOCTEIYIOIINM
pelleHueM CHCTEeMbl JIMHEHHBIX ypaBHeHHH a1 Kod(hdummueHToB
MPOMTYCKaHUA M OTPAKEHHS KaXXIOTO CIIOS METOAOM IPOTOHKH. J[pyroii
paccMaTpuBaeMblii METOJ] OCHOBaH Ha OINpPENENeHWHW MATPHIl Teperadn
(MITI) nns Beeit BEP B nenom. [IpencraBieHs! pe3yabTaThl MOIEIUPOBAHUS
omHoponHoi BBP o0omMu wmeromamMu B CpaBHEHHH CO CIIEKTPOM,
MTOJTyYEHHBIM C TIOMOIIBIO CIIEUATM3UPOBAHHOTO MTPOrPaAaMMHOTO ITaKeTa.
Kpome Toro, mpencraBieHsl pe3yiabTaThl MojenupoBanus BBP ¢
(azoBeiM -caBuroM. [l obemx mopneneit BBP uccrnenyercs BnusHue
WHTEpBajia pa3OMEeHNs METO/a OJHOPOJHBEIX CIOEB Ha Pe3yJIbTHPYIOIIUN

COMPARATIVE ANALYSIS OF METHODS FOR MODELING
THE SPECTRUM OF FIBER BRAGG GRATINGS
T.A. Agliullin, V.1. Anfinogentov, O.G. Morozov, A.J. Sakhabutdinov,
B.l. Valeev, V.K. Zakamsky, N.A. Kazakov, K.D. Tsaregorodtsev

Abstract. The work is dedicated to a comparative analysis of the
following methods for modeling the spectral response of a fiber Bragg
grating (FBG). The method of homogeneous layers is based on the
determination of the reflection and transmission coefficients for plane
waves propagating through layered structures, followed by the solution
of a system of linear equations for the transmission and reflection
coefficients of each layer by the sweep method. Another method under
consideration is based on the determination of transfer matrices (TM)
for the entire FBG as a whole. The results of modeling a homogeneous
FBG by both methods are presented in comparison with the spectrum
obtained using a specialized software package. In addition, the results of
modeling FBGs with a phase =w-shift are presented. For both FBG
models, the influence of the splitting interval of the homogeneous layers
method on the resulting spectrum is studied. Based on the analysis of




cnektp. Ha ocHOBe aHayM3a JaHHBIX MOJCITHPOBAHMS CHOPMYIHPOBAHEI
JIOTIOJTHUTEIIbHBIC YCIIOBUS i MoaeaupoaHus BBP ¢ ¢a3oBbiM ciBurom,
MOBBIIAIOIINE TOYHOCTh MOJEIUPOBAHUSA METOAOM OJIHOPOJIHBIX CIOEB.
KuaroueBble c0Ba: MaTeMaTUYeCKOE  MOJICTMPOBAHUE, BOJOKOHHAS
OpaITOBCKasl  pelieTka, MaTpulla Iepenayd, IUIOCKHE BOJHBI B
HEOIHOPOJHOU cpeae.

simulation data, additional conditions for modeling FBGs with a phase
shift are formulated, which increase the accuracy of modeling by the
method of homogeneous layers.

Keywords: mathematical modeling, fiber Bragg structures, transfer
matrix, plane waves in an inhomogeneous medium.

BOJIOKOHHO-OIITUYECKUE JUDPEPEHIMAJIBHBIE PACXOIOMEPBI
HA JIBYX BOJIOKOHHbBIX BPAITOBCKHMX PEIIETKAX. OIIPE/JEJIEHUE
HAIIPABJIEHUI PA3SBUTUS
A.A. Ilomanun

AHHoTanus: B pabGoTe mpoaHamm3npoOBaHbl CTPYKTYPHI U XapaKTEPUCTUKH
TUIIOBBIX W HETUIIOBBIX PacXoJ0MEPOB )KHZIKOCTeﬁ, OCHOBAaHHBIC Ha
n3MepeHnn U HepeHIInaabHOro AaBJICHUS BOJIOKOHHBIMH OpPATTOBCKUMU
pemerkaMn W 00paboTke  WHPOpPMAIMH  ONTHKO-3JICKTPOHHBIMU
CHEeKTpaIbHBIMH MeTogaMH. JlaHa TIOCTaHOBKAa 3ajJad  OIpeeeHus
HaIpaBlIeHHs M pacxojia MOTOKa C MOMOIIBI0 Paano(pOTOHHBIX MOIXO/IOB,
KaKk OIWH W3 BapWaHTOB pa3BHTUS pacxomomepoB. PaccmorpeHa
VHHBEpCalbHAas MaTeMaTH4ecKas MOJeNb Ul Paarno(pOTOHHOTO pEIIeHUs
3aa4d  OMpeNeNeHrs pacxofa W HalpaBJIEHUS IIOTOKA, OIPEeICHBI
TpeOoBaHUS K BBIOOPY WX DIIEMEHTHOW 0a3bl, OTIIMYHON OT KIACCHYECKUX
BBP. O6cyxaens BO3SMOXKHOCTH TPUMEHEHHS KaK JaTYMKOB PacX0I0MEPOB
BBP ¢ a3oBBIM T-CIBHTOM M aIpeCHBIX BOJOKOHHBIX OpATTOBCKUX
CTPYKTYp, KOTOpblE Ha TEpBBIA B3JSIL MOTJIH OBl yIYYIIUTH
METPOIIOTUYECKHE XapaKTePUCTUKH, HO IIUPOKO Ui OSTOr0 He
MPUMEHSIOTCA. B 3akimoueHnn OOCYXIEHBI TIONyYEeHHBIE pe3ynbTaThl U
OllpeNeNeHbl IYTH Pa3BUTHS W  COBEPIICHCTBOBAHUS  BOJOKOHHO-
OIITUYECKHUX PACXOIOMEPOB.

KuiroueBblie cji0Ba: pacxoJOMETPUsl KUJIKOCTEH; BOJOKOHHO-ONTUYECKUI
pacxomomep; BOIIOKOHHAs OpAIITOBCKas pemierka; audhepeHnanbHbII
METOJ U3MEepEeHUH; paanoPOTOHUKA; BOJIOKOHHASI OpPIITOBCKAs pelerka C
(ha30BBIM CHBHTOM; aJIpECHBIE BOJIOKOHHBIE Op3TTOBCKHE CTPYKTYPHI;
00paboTKa B paauoMama3oHe MOJYYeHHOW B ONTHYECKOM JHAIa3oHe
rH(OpMAaIUK 0 pacXoie U HalpaBICHUH TTOTOKA KUIKOCTH.

FIBER-OPTIC DIFFERENTIAL FLOWMETER
ON TWO FIBER BRAGG GRATINGS. DETERMINATION
OF DIRECTIONS FOR DEVELOPMENT
A.A. Potanin

Abstract: The paper analyzes the structures and characteristics of typical and
non-typical liquid flowmeters based on the measurement of differential
pressure by fiber Bragg gratings and information processing by optoelectronic
spectral methods. The formulation of the problems of determining the direction
and flow rate using radiophoton approaches is given as one of the options for
the development of flowmeters. A universal mathematical model for the
radiophoton solution of the problems of determining the flow rate and flow
direction is considered, the requirements for choosing their element base,
different from the classical FBGs, are determined. The possibilities of using
FBG flowmeters with a phase z-shift and addressable fiber Bragg structures as
sensors, which at first glance could improve the metrological characteristics,
but are not widely used for this, are discussed. In conclusion, the obtained
results are discussed and the ways of development and improvement of fiber-
optic flowmeters are determined.

Key words: flow measurement of liquids; fiber optic flowmeter; fiber

horse Bragg grating; differential measurement method; radio photonics;
fiber-optic Bragg grating with a phase shift; targeted fiber Bragg
structures; processing in the radio range of information received in the
optical range about the flow rate and direction of the fluid flow.




AJIPECHBIE BOJIOKOHHBIE BPOI'TOBCKUE PEIIETKU
JUIS1 KOHTPOJISI CKOPOCTU ®POHTA YJIAPHOM BOJIHbBI
B TPYBOITPOBO/JIAX
E.B. Kynuxos

AunHoTanus. B cratee npencraBiena ManoceHcopHas panuodoTOHHAs CUCTEMa
HAa OCHOBE aJPECHBIX BOJIOKOHHBIX OparroBckux crTpykryp (ABBC) s
obecriedeHrsi KOHTPOJISI CKOPOCTH JIBUKEHUS yIapHOW BOJHEI B TPyOONpOBOJIiE B
peanbHOM MacmTabe BpeMeHH. JlaHHas cucTeMa JIMIIEHa HEJOCTaTKOB,
O6yCHOBHeHHbIX MPUMCHCHHUEM B AaHAJOIMYHLIX CHUCTEMAx JOpOroCTOAIINX
OITUKO-2JICKTPOHHBIX HHTECPPOraTOpPOB U HIMPOKOITOIOCHBIX IIPAMBIX JETCKTOPOB
BUJICOMMITYJIbCOB, COOTBETCTBYIOLIMX KOJIBLEBOMY BO3JCHCTBUIO YAAPHOI BOJIHBI
Ha nedopManuio TpyOsl B 30HE YCTAHOBKHU NATYHMKA, KaK MPABHIIO, BOJIOKOHHOM
Opoarroeekoit pemerkn (BBP). Ompenenensl pekoMeHAanuy MO BRIOOPY MeTona
W3MEpPEHHsI CKOPOCTH — 0a3HOro; KOHCTPYKIIMHU JaT4hKa — TETJIIe00pa3HOM, Kak
HamOoliee paIOHATBHOM C BO3MOKHOCTBIO MPOCTOW YCTaHOBKH; OOCYXKIIEHBI
npenmymecTBa 3amedsl BBP ma BBP ¢ dazoBem [ -cmBurom min ABBC.
Pazpaborana cTpyKkTypHas cxema CHCTEMBI C HM3MEpPEHHSIMH IO TpeMm Oa3zam.
[Tokazano, uro mpu ucnoiab3oBannu ABBC mocturaemast morpenrHoCTs H3MEPECHHS
nasienus u Bpemenn coctariser 0,01 %, a mo ckopoctu 0,08 m/c. JIomoaHUTEIBHO
MIPOBOIUTCS aHANN3 TPUMEHHUMOCTH PACCMOTPEHHBIX METOIOB W CPEICTB IS
pelIeHus 3a1a9 KOHTPOIISI CKOPOCTH (POHTA B YCIOBUSX IITYMOBOH, aKyCTHIECKOM
Y TEMITepaTypHON HeCTaOMIIFHOCTEH, a TakKe KOHTPOIA JaBJICHHUs, CO3aBAEMOr0
YAApHOI BOJIHOM.

KiioueBble cj10Ba: KOHTPOIb CKOPOCTH JBIDKEHHS YJAapHOW BOJHBI B
TPyOOIPOBO/IE, BOJOKOHHASI OPATTOBCKAS pEIIeTKa, aJipecHas BOJIOKOHHAS
OpaTTOBCKasi CTPYKTypa, TpexOa3Has MaloceHCOopHas paanodoToHHas
cucTeMa, KOHTPOJIb JIaBJICHHS B TPYOOIIPOBOIE

TO CONTROL THE SHOCK WAVE FRONT VELOCITY
IN PIPELINES
E. V. Kulikov

Annotation. The article presents a low-sensor radio-photon system based on
addressable fiber Bragg structures (AFBS) for real-time control of the shock
wave velocity in a pipeline. This system is devoid of disadvantages caused by
the use in similar systems of expensive optoelectronic interrogators and
broadband direct video pulse detectors corresponding to the annular effect of a
shock wave on the pipe deformation in the sensor installation area, as a rule, a
fiber Bragg grating (FBG). Recommendations for choosing the method of
measuring the speed - the base one, the design of the sensor - loop-shaped, as
the most rational with the possibility of simple installation, are determined, the
advantages of replacing the FBG with the FBG with a phase m-shift or AFBS
are discussed. A block diagram of the system with measurements on three bases
has been developed. It is shown that when using AGBS, the achieved error in
measuring pressure and time is 0.01%, and in terms of velocity 0.08 m/s.
Additionally, an analysis is made of the applicability of the considered methods
and means for solving the problems of front speed control under conditions of
noise, acoustic and temperature instabilities, as well as control of pressure
generated by a shock wave.

Keywords: shock wave speed control in a pipeline, fiber Bragg grating,
addressable fiber Bragg structure, three-base low-sensor radiophotonic system,
pressure control in a pipeline.

[MPUMEHEHUE HEMPOCETEBBIX AJITOPUTMOB
JIJ1S1 OIIPEIEJIEHU S LIEHTPAJIBHOM JJIMHBI BOJIHBI
B 3AJTAUAX OIITOBOJIOKOHHOM CEHCOPUKU
T.A. Aenuynnun, B.U. Angpunocenmos, b.U. Banees, A.2K. Caxabymounos

AHHoTanus. B pabore paccMOTpeHBI MPAaKTHYECKUE AaCIEKThl MPUMEHEHUS
HEHpPOCETEBBIX aNTOPUTMOB B IPUMEHEHHH ONPEAENEHUs EHTPAIbHON JIIMHBI

APPLICATION OF NEURAL NETWORK ALGORITHMS
TO DETERMINE THE CENTRAL WAVE LENGTH
IN PROBLEMS OF FIBER-OPTIC SENSORICS
T.A. Agliullin, V.1. Anfinogentov, B.1. Valeev, A.Zh.
Sakhabutdinov
Annotation. The paper considers the practical aspects of the use of neural
network algorithms in the application of determining the central wavelength




BONHBl  BOJIOKOHHBIX  pEIIETOK bparra, ucmoms3yeMblXx B  KadecTBe
YyBCTBHTEIBHBIX 3JIEMEHTOB JAaTYMKOB ONTOBOJIOKOHHBIX CEHCOPHBIX CETEH.
3agaua chopMyaMpoBaHA IS OHpENENCHUS IEHTPAIbHOM JUIMHBI BOJIHBI
OJIMHOYHOTO JATYHMKA, TapaMeTPbl KOTOPOTO MOTY4EHbl Ha aHATH3aTOPE CIIEKTPa
C HU3KHM paszpemieHneM. OrmpeneneHbl KOH(pUrypamusi HEHPOHHOH CeTw,
anroput™ (OPMHPOBAHMs OOYYAIOIIEro M KOHTPOJBHOTO Ha0opa JaHHBIX.
PesynbraThl 00y4deHUs: HEWPOHHOW ceTH BBHIOPaHHON KOH(pHUTypaluy MOoKa3ay,
YTO TPEIUIOKEHHBIN TOAXO0J] TO3BOJISIET ONPENENUTh TOJIOKEHHE [IEHTPaTbHON
JUTMHBI BOJIHBI C pa3pelIaroniell crmocoOHOCThIO Ha JABa C MOJIOBHHON MOpSAIKa
MpPEBBIIAIONIeH Ty pa3pelalollyl0 CIHOCOOHOCTb, € KOTOPOIl Mpou3Be/eHa
JIMCKPETU3aIlNsl HCXOHBIX JIAHHBIX.

KroueBble c10Ba: onpeeneHne 4acTOTHOTO CABUTA CIIEKTPa, HEHPOHHAS CeTb,
CTOXacTU4ecKasi ONTUMH3AIUs, METOJ onTtuMuzanmi Adam, HCKyCCTBEHHBIH
WHTEJIEKT, BOJIOKOHHO-ONITUYECKUE CEHCOPHBIE CETH, BOJIOKOHHBIE OPATTOBCKIE
pEIIeTKH, METO]] ONPEIeICHUS IIEHTPAILHON JJTHHBI BOJTHBI.

of fiber Bragg gratings used as sensitive elements of sensors in fiber optic
sensor networks. The problem was formulated to determine the central
wavelength of a single sensor, the parameters of which were obtained on a
low-resolution spectrum analyzer. The configuration of the neural network,
the algorithm for the formation of the training and control data set are
determined. The results of training the neural network of the chosen
configuration showed that the proposed approach allows determining the
position of the central wavelength with a resolution of two and a half orders
of magnitude higher than the resolution with which the initial data was
discretized.

Keywords: determining the spectrum frequency shift, neural network,
stochastic optimization, Adam optimization method, artificial intellect, fiber
optics sensor networks, fiber Bragg gratings, central wavelength
determination methods.

HEUPOCETEBAS MOJIEJIb OLIEHKU
®VHKIMOHAJIBHOI'O COCTOSHIS BOAUTEJIEN
B CUCTEMAX TPAHCIIOPTHOU BE3OITACHOCTH

A.C. Kamacés, /[.B. Kamacésa, A.A. Cubecamyniun

AHHoTanus. B pabote paccMoTpeHo pelieHne 3a1auu OLeHKH (PyHKIMOHAIBHOTO
COCTOSIHUA BOJMUTENIEN Ha OCHOBE IOCTPOEHHUS U HCCIEAOBAHUA HEHPOCETEBOM
moznenu. IIpoaHamu3upoBaHBl THUIIOBBIE METOABI OLEHKH (YHKIHMOHAJIBHBIX
cocTosiHUM. [[ns pemenns 3aqa4u 060CHOBaHA 11€7€C000pa3HOCTh UCTIONb30BaHUS
MyMAJUIOMETPUHN, KaKk 3(QQPEKTHBHOrO Meroja OOBEKTUBHOTO  KOHTPOIS
(YHKLIMOHAIBHOIO COCTOSIHUS YEJI0OBEKAa HAa OCHOBE aHAJIN3a PEaKLHH €ro 3pauKoB
Ha CBETOBOM UMMYJbC. /{151 aHanu3a 3HaUeHU NapaMeTPOB MyMUIIOTPaMM, TAKUX
KaK HauyaJIbHBIN 1 KOHEYHBIH JUaMeTp 3padka, BpeMs ero CY>KEHHsI U paclIpeHus,
MPEATIOKECHO HCIOJIB30BaTh HEHPOCETEBYI0 Monelb. B KadecTBe HCXOAHBIX
JaHHBIX JUIA aHajiM3a W HEHPOCETEeBOro MOJAEIHMPOBAHMS — HCIIOJIB30BaHA
coOcTBeHHass 0a3a MynwuUiorpamMM, IIONyY€HHas paHee B  pe3yjbTare
9KCIEPUMEHTAJIBHBIX HMCCIEAOBAaHUM OLEHKH (PYHKIMOHAJIBHOTO COCTOSHHS
YCTaJOCTH 3[0pOBOrO 4enoBeKa. YWcino mynuuiorpamM, COOTBETCTBYIOIIMX
«HOpME»  (COCTOAHMIO OOApPCTBOBaHMS  4YeJlOBeKa), cocTaBmwio 236, a
«OTKJIOH €HHIO» (COCTOSIHHIO CUJIBHOTO nepeyTomiieHus) — 266. McxoaHble faHHbIe

NEURAL NETWORK MODEL FOR ASSESSING THE FUNCTIONAL
STATE OF DRIVERS IN TRANSPORT SAFETY SYSTEMS
A.S. Katasev, D.V. Kataseva, A.A. Sibgatullin

Annotation. The paper considers the solution of the problem of assessing the
functional state of drivers based on the construction and study of a neural
network model. Typical methods for assessing functional states are analyzed.
To solve the problem, the expediency of using pupillometry as an effective
method of objective control of the functional state of a person based on the
analysis of the reaction of his pupils to a light pulse is substantiated. To
analyze the values of the pupillogram parameters, such as the initial and final
pupillary diameter, the time of its constriction and expansion, it is proposed
to use a neural network model. As initial data for analysis and neural network
modeling, we used our own database of pupillograms, obtained earlier as a
result of experimental studies of assessing the functional state of fatigue in a
healthy person. The number of pupillograms corresponding to the "norm" (a
state of wakefulness of a person) was 236, and "deviation" (a state of severe
overwork) - 266. The initial data were presented in text form as a sequence
of values of the diameters of a person's pupil within 3 seconds after the onset
pupillary response every 0.04 seconds. According to the initial data, the




ObUTM TIPE/ICTAaBIICHBI B TEKCTOBOM BHE, KaK IOCIIEIOBATECIBHOCTH 3HAYCHHUI
IMaMeTpoB 3payka YelloBeKa B TedeHHEe 3-X CeKyHJ Iociie Hayaja 3paukoBOH
peakuun depe3 kaxzaple 0,04 cexyHnmpl. Ilo MCXOAHBIM HAaHHBIM PaCCUUTAHBI
3Ha4YeHus |2 mapaMeTpoB MyMUIIOTPaMM C IMTOTyYeHUEM SMHON TaOIUIIbI JaHHBIX
Jutd aHanu3a. OnucaH npotece NOATOTOBKY TAHHBIX K aHAJIU3Y U MOJEIHPOBAHHUIO.
Ha 6ase anamutuueckoit maardopmer Deductor mpousBeneHa omeHka KadecTBa
JAHHBIX, PEIAKTHPOBAaHHE BBHIOPOCOB M SKCTPEMAaNbHBIX 3HAYEHHH, pa3OueHue
JaHHBIX Ha o0ydarollee M TEeCTOBOC MHOKECTBA, a TaKKe IOCTPOCHUE U
HCCIIEOBAaHNE HEUPOCETEBOM MOJAENM B BUJIE OAHOCIOWHOIO IIEPCENTPOHA,
cocrosmero u3 12 BXOmHBIX HEHpoHOB, 1 BeIxogHOro HeWpoHa U 10 HelipoHOB
CKpBITOrO ciost. JI7st onieHkr 3 PEeKTHBHOCTH TTOCTPOSHHON MOJIENN TIPOU3BEIeHA
cepusl WCCIEJOBAHWN: OIEHKAa BIHUSHHUS BapUAaHTOB pPa30MEHUs IaHHBIX IS
o0y4eHHs] M TECTHPOBaHWA, TUNAa (YHKIMHM aKTHBAMA W PEXKHMa OOydeHHS
HEHUPOCETEBOM MOJENIN Ha €€ TOUHOCTh. Pe3ylIbTaThl UCCIEA0BAHUIM ITOKA3AIH, YTO
MOCTpOEeHHasT MojeNb sBIsieTcsl 3PQEKTUBHON U MOXKET OBITh HCIIOJIb30BaHA B
COCTaBE MHTE/UIEKTYaJbHOM CHCTEMBI OLIGHKH (PYHKIIMOHAJIBHOTO COCTOSIHUSA
YCTaJIOCTU BOAUTENEH TPAaHCIOPTHBIX CPEICTB.

KiroueBbie ciioBa: HelipoceTeBass Mojelb, (DYHKIIMOHAJIBHOE COCTOSHHE
BOJMTEIS, MYITHIIOMETPHS, MOICITUPOBAHIE, TPAHCIIOPTHASI 0€30IacHOCTb.

values of 12 pupillogram parameters were calculated to obtain a single data
table for analysis. The process of preparing data for analysis and modeling is
described. On the basis of the Deductor analytical platform, data quality was
assessed, outliers and extreme values were edited, data was split into training
and test sets, as well as the construction and study of a neural network model
in the form of a single-layer perceptron, consisting of 12 input neurons, 1
output neuron and 10 hidden layer neurons . To evaluate the effectiveness of
the constructed model, a series of studies was carried out: an assessment of
the influence of data partitioning options for training and testing, the type of
activation function and the learning mode of the neural network model on its
accuracy. The results of the research showed that the constructed model is
effective and can be used as part of an intelligent system for assessing the
functional state of fatigue of vehicle drivers.
Keywords: neural network model, functional
pupillometry, modeling, transport security.

state of the driver,

PAJIMOD®OTOHHAS CUCTEMA BECKOHTAKTHOI'O USMEPEHU A
PACIIPEJEJIEHUA TEMIIEPATYP B OBPABATEIBAEMOM MATEPUAIJIE
B VCJIOBHSX 3AKPBLITOM PABOYEN KAMEPHI IABOPATOPHOM
TEXHOJIOTMYECKON YCTAHOBKH
CBU-/IMAITASOHA
H.E. Kyswunos, Pun.lll. Mucbaxos, Pyc.lll. Mucbaxos,

O.I'. Moposos, I"A. Mopo3zos, A.P. Hacwibynnun, [icepoasu [laxam,

M FO. 3acmena, FO.H. Yonu, A.M. Ilempoea

AHHoOTanus: B cratbe  mpemyioKeH ~— HOBBIM  3Tam  MOJCpHH3ALMU
KaJIOPUMETPUUYECKOTO METOAa OECKOHTAaKTHOTO HW3MEPEHHS pPacHpeneneHus
TeMIlepaTyp B oOpabaThIBaeMOH cpele, paclojioKeHHOW B pabodell Kamepe
nabopatopHoit CBY TexHOnOrn4yecko ycTaHOBKHM, Ha 0a3e MaTpHLBI
IMCKPETHBIX TepMomnpeoOpaszoBareneid M3 morjomaroniero marepuana. Ha
JAHHOM 3TaIle TepMoIpeoOpa3oBaTey PacloioKeHbl He TOJIBKO Ha HIKHEH, HO

RADIO-PHOTON SYSTEM FOR CONTACTLESS MEASUREMENT
OF THE TEMPERATURE DISTRIBUTION IN THE PROCESSED
MATERIAL UNDER THE CONDITIONS OF A CLOSED WORKING
CHAMBER OF A LABORATORY TECHNOLOGICAL
INSTALLATION MICROWAVE
N.E Kuvshinov, Rin.Sh. Misbakhov, Rus.Sh. Misbakhov,

0.G. Morozov, G.A. Morozov, A.R. Nasybullin, Jerdavi Daham,
M.Yu. Zastela, Yu.l. Choni, A.M. Petrova

Abstract: The article proposes a new stage in the modernization of the
calorimetric method for non-contact measurement of temperature distribution
in the processed medium, located in the working chamber of a laboratory
microwave technological installation, based on a matrix of discrete thermal
converters made of absorbing material. At this stage, thermal converters are
located not only on the bottom, but also on the top wall of the working




U Ha BepxHell creHke pabouell kamepsl. llociie m3MepeHus momnst Temmepartyp
TepMoIripeodpa3oBaTeneil OHO MOJKET OBITh IEPECYUTAHO B PACHIPEICICHHUE OIS
TeMIiepatyp B 00pabaThIBaeMOil cpene, MOCKOIbKY BEPXHsIsl MAaTPHLIA JaTYHKOB
OyJZeT yYUTHIBATh OTPAKEHHYIO COCTAaBJIAIONIYIO MoIHOCTH DMII, a HuXHIS —
MPOLIEAIIYIO, YYUTBIBasg MPOMOPLUOHAIBHOCTE IPHUPALIECHUS HUX TEMIIEPATYp
MOII[HOCTSIM, KOTOPBIC BO3JICHCTBYIOT Ha Ka)KIBIH M3 TepMOIpeoOpa3oBaTeeit
onpeieNIeHHbIA TeproJl BpeMeHU. JlJist pellieHus BOIpoca yJIEIEBIEHNU CUCTEMBbI
ompoca TepMorpeoOpa3oBaTeneil, €€ KOHCTPYKTUBHOTO YIPOIICHHUS |
YIydimieHuss €€ METPOJIOTMYCCKUX XapPaKTCPUCTUK IMPEIIIOKEHO HCIIOJIb30BaATh
a/ipecHbIe BOJIOKOHHBIE OpPATTOBCKUE CTPYKTYphl HOBOTO KOMOMHHPOBAHHOTO
THTIA, BCTpaWBaeMble B KaX[bIH TepMompeoOpa3oBaTenb, W PaguodOTOHHBIC
CHCTEMBI ONpOoca MOITYYEHHOH IOCIeN0BaTEbHOCTH TepMOITpeodpazoBaTeneii-
AaTYUKOB, COCAMHCHHBIX OITHYCCKUM BOJIOKHOM, KOTOPBIEC KpPOME BBICOKOM
YYBCTBUTCIIBHOCTH U BBICOKOM CKOPOCTH OTKJIMKAa Ha UBMCHCHUE TEMIICPATYPHI,
obecrieunBaloT orneparopa HHGopMaIueil 0 HoMepe ONpaluBacMoro 3JeMeHTa
Matpuubl (ampece). [lokazana yHUBEpCaNbHOCTh MPUMEHEHUS TaKUX NATYNKOB
KaK Ha IPOMYCKAaHHE, TAK U HA OTPaXEHHE, YTO YIPOILAET CUCTEMY B LIEIOM U
MO3BOJISIET PE3EPBUPOBATh U3MEPUTEIIBHBIC KaHAJIbI, OXBATHIBAIOLINE B LIEJIOM
6omee 100 maTIMKOB CBEPXY M CHHU3Y.

KuaroueBble ciaoBa: pabouass CBU-kamepa; pacrpenencHue TeMmIiiepaTyp B
o0OpabatpiBaeMoil cpezie; OECKOHTAKTHBIA KAJIOPHMETPHUICCKIIT METOM; MaTpHIla
TepMonpeoOpa3oBareieif;  BCTPOEHHBIE  KOMOWHHUPOBAaHHBIE  aJpECHEIS
BOJIOKOHHBIE OPITTOBCKHE CTPYKTYPHI; paaroOTOHHAS CHCTEMa N3MEPEHUH.

chamber. After measuring the temperature field of thermal converters, it can
be recalculated into the distribution of the temperature field in the medium
being processed, since the upper matrix of sensors will take into account the
reflected component of the EMF power, and the lower one will take into
account the transmitted component, taking into account the proportionality of
the increase in their temperatures to the powers that act on each of the thermal
converters for a certain period of time. To solve the issue of reducing the cost
of the system for interrogating thermal converters, its constructive
simplification and improving its metrological characteristics, it is proposed
to use addressable fiber Bragg structures of a new combined type, built into
each thermal converter, and radio-photon systems for interrogating the
obtained sequence of thermal converters-sensors connected by an optical
fiber, which, in addition to high sensitivity and high speed response to
temperature changes, provide the operator with information about the number
of the matrix element being polled (address). The versatility of the use of such
sensors for both transmission and reflection is shown, which simplifies the
system as a whole and allows redundant measuring channels covering more
than 100 sensors from above and below.

Key words: working microwave chamber; temperature distribution in the
processed medium; contactless calorimetric method; matrix of thermal
converters; built-in  combined addressable fiber Bragg structures;
radiophoton measurement system.

CUCTEMA HEMHBA3MBHOI'O KOHTPOJIA JIBUKEHMA TEJIA 1
YKU3HEHHBIX ITOKA3ATEJIEA TALTMUEHTOB HA OCHOBE
CMAPT-MATPACA C BCTPOEHHBIMU BOJIOKOHHO- OIITUYECKUMU
AJIPECHBIMU CTPYKTYPAMU
P.M. Mypamos

AHHoTanus. B cratbe mnpennaraercs cucTeMa MOHUTOPMHIA KM3HEHHBIX
MoKaszareleil MalMeHTOB Ha OCHOBE aJpPECHBIX BOJOKOHHBIX Op3ITOBCKUX
crpykryp (ABBC) mis yxoma 3a OOJBHBIMM B JOMax-WHTEpPHaTax Ul
npecTapensix ¥ MHBAIUAOB. CHCTEMAa MOXKET OTCIEXHBATH KU3HEHHO Ba)KHBIE
MOKa3aTely, HallpuMep, TOYHO U3MEPHUTDH YaCTOTY IyJIbCa U YaCTOTY JIBIXaHHUS CO
cpenHell morpemHocTbi0 MeHee | yznapa B MHHYTY, OOHapy)KUTh BHE3aIIHOE

NON-INVASIVE CONTROL OF BODY MOVEMENT
AND VITAL SIGNS OF PATIENTS BASED ON SMART MATTRESS
WITH BUILT-IN FIBER OPTIC ADDRESS STRUCTURES
R.M. Muratov

Abstract: The article proposes a system for monitoring the well-being of
patients based on targeted fiber Bragg structures (AVBS) for patient care in
residential homes for the elderly and disabled. The system can monitor vital
signs such as pulse, respiratory rate, temperature, movement, i.e. it is able to
accurately measure the pulse rate and respiratory rate with an average error of
less than 1 beat per minute, detect sudden temperature rise and unexpected rise




MOBBINICHUEC TEMIIEPATYPhLI U HGO)KHH&HHLIﬁ IOABEM IMallMCHTA C ITOCTCIIN HOYBIO,
YTO MMEET PELIarolee 3HAYCHHE IS IIOJEPKAHUSI BBICOKOTO Ka4ecTBa JICUEHUS
00NBHOTO. B OCHOBE CEHCOPHOU 4acTH CUCTEMBI
HUCIIOJIB3YIOTCA  JaTUMKW  JaBJICHUSA Ha OCHOBE aJpPCECHBLIX  BOJIOKOHHBIX
6p3ITOBCKI/IX PCUICTOK. B ormmuune ot JOPOroCTOAMMUX OINTUKO-3JICKTPOHHBIX
WHTEPPOraTopoB B CHCTEME TPUMEHEH paauo(OTOHHBIA HHTEPPOraTop,
MOCTPOCHHBIH Ha OJAHOM (POTOMpPUEMHUKE /ISl PEruCTpAIlii OTPaKEHHBIX OT
pemerox JIYM-u3nydenuit Ha yacToTax OMEHUH, JeXKaIMX B paJuoArdana3oHe.
KualoueBble coBa: yactoTa IpIXaHMs, JaBJieHUE Tela Ha MOBEPXHOCTh, MaTpac,
MoJbeM/TajIeHHe C TOCTENH, AJpPECHBbIE BOJOKOHHBIE OpPITTOBCKUE CTPYKTYPHI,
MOHUTOPHHT.

from bed at night, which is crucial to maintain a high quality of patient
treatment. The sensor part of the system is based on pressure sensors based on
addressable fiber Bragg gratings. Unlike expensive optoelectronic
interrogators, the system uses a radiophoton interrogator built on a single
photodetector to register reflected from the arrays of LFM radiation at the beat
frequencies lying in the radio range.

Keywords: respiratory rate, body pressure, mattress, getting out of bed,
targeted fiber Bragg structures, monitoring.
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MATEMATHWYECKOE MOJIEJIMPOBAHUME ITEPUOJUYECKHX CBY-
CTPYKTYP BPOITOBCKOI'O TUIIA, BBITIOJTHEHHBIX B
KOAKCUAJIBHBIX JIMHUAX
Hacwioynnun A.P., @apxymounoe P.B., Huxaes T.M.,
Tonosanos M.C., Escenves K. H.

AHHoTanus. B cTarse npencrapieH Moaxon K MaTEMaTH4eCKOMY ONHCAHHIO
NEKTPOAMHAMUYECKUX CTPYKTYDP B BUAE KACKAIHOTO COEANHEHUS OTPE3KOB
KOAKCHAJIbHBIX JIMHUH, pa3nuyaroummxcs (HopMOH MONEepedHOro ce4eHus u
IOUANIEKTPUYECKUM 3allofiHeHUuEeM. Takue CTPYKTypsl MOKHO OTHECTH K
kmaccy mnepuogmdeckux CBY-cTpykTyp OparroBcKoro Twuia, €cid
BBIIIOJIHSIETCSL  YCIIOBHE  COM3MEPHUMOCTH  pabodumx IJIMH BOJIH C
MIPOCTPAHCTBEHHBIM NepronoM. OHU 001aJat0T IMPOKUMH [1EPCIIEKTUBAMHU
HCIOMB30BaHUSl B KadeCTBE NPEOOPa30BaTEIbHBIX 3JIEMEHTOB B 3aladax
U3MEPEHUS M KOHTPOJIS AMIIEKTPUUECKUX XaAPAKTEPUCTHK Pa3NUUHbIX
MaTeprajoB U BEIIECTB, YTO OOBACHSIETCS XapaKTEPHBIM YBEIHMUYCHHUEM
YyBCTBUTEIBHOCTH MNPeo0pa3oBaHMs Ha HEKOTOPHIX YacTOTax M PAIOM
JOPYruX MPEUMYILECTB IO CPAaBHEHHIO C CYLIECTBYIOLUIUMH H3MEPUTEISIMU
IudIeKTprdecknx napamerpos B CBU nuanasone. [Ipennaraemslii B ctaTbe
METO[, B OCHOBE KOTOPOT'O JIEKHUT IMPUHLIMI 3aMEIAIOIIEro MOASINPOBaHNU,
B CHIIy 0OCOOEHHOCTEH (OPMUPYEMBIX MATEMAaTHYECKUX BBIPA’KEHUH MOXKET
ObITb NPUMEHEH Ha JI0O0OM »JTame aHainu3a, CHHTE3a, ONTHMHU3ALMU

MATHEMATICAL MODELING OF PERIODIC BRAGG-TYPE
MICROWAVE STRUCTURES MADE IN COAXIAL LINES
Nasybullin A.R., Farkhutdinov R.V., Ishkaev T.M.,
Golovanov M.S., Evgeniev K.I.

Abstract. The article presents an approach to the mathematical
description of electrodynamic structures in the form of a cascade
connection of segments of coaxial lines that differ in cross-sectional
shape and dielectric filling. Such structures can be attributed to the class
of periodic Bragg-type microwave structures if the condition of
commensurability of the operating wavelengths with the spatial period
is satisfied. They have broad prospects for use as transducer elements in
the problems of measuring and controlling the dielectric characteristics
of various materials and substances, which is explained by a
characteristic increase in the conversion sensitivity at certain frequencies
and a number of other advantages compared to existing sensors of
dielectric parameters in the microwave range. The method proposed in
the article, which is based on the principle of substitutive modeling, due
to the peculiarities of the formed mathematical expressions, can be
applied at any stage of analysis, synthesis, optimization of transducer
elements and in the procedures for solving inverse measurement
problems.




mpeoOpa3oBaTeNbHBIX AJEMEHTOB W B MpOLENypax peleHHs OOpaTHBIX
M3MEPUTENbHBIX 3a/1au.

KaroueBble caoBa: mnepuonuueckue CBY-cTpyKTyphl, KOMILJIEKCHAS
IUBIIEKTpUYECKast IIPOHUIIAEMOCTb, KOAKCHAJIbHBIE JIMHUU,
HEOTHOPOAHOCTH, HEPETYIAPHOCTH, YU CIICHHBIC METO/IbI

QJICKTPOAWHAMUKH, 3aMCIIAronIee MOJACIIUPOBAHUC

Keywords: periodic microwave structures, complex permittivity,
coaxial lines, inhomogeneities, irregularities, numerical methods of
electrodynamics, replacement modeling

HPI/IHHI/IHI/IAHBHHﬁ [NOAXO/1 K PASBBUTHUIO
3D-HAHODJIEKTPOHUKUA
PP, @atizynnun, A.P. Hacvloynnun, 3.4. Xanumos, /{.H. Bareesa

AnHoTaumus. B cratbe KpaTko oxapakTepH30BaHO HOBOE HAIpPAaBICHUE B
HaHODJICKTPOHHKE, OTKPBIBAIOIIEE BO3ZMOKHOCTH CO3JIAHUS TPEXMEPHBIX
WHTErPaIbHBIX YCTPOMCTB c BBICOKUM OBICTpOIEIICTBHEM,
3HEprod(pHEeKTUBHOCTBI0 W BBICOKOM  IUIOTHOCTBIO — PACIIOIOKEHHS
CTPYKTYpPHBIX 371eMEeHTOB. KiTtoueBoi 0a30BOM SUCHKOM, IUIS TIOCTPOCHHS
aneMeHTOB 3D-HaHOPNEKTPOHUKHM, MPEACTABISIOTCS HAHOTPYOKH, cpemu
KOTOPBIX 0CO00 BBINENAIOTCA TUDJIEKTPUYECKHE, KaK IMO3BOJISIONINE
MOMYyYUTh CTPYKTYPHl C JOBOJBHO MIMPOKHM CIEKTPOM 3JIEKTPOHHBIX
CBOICTB.

KaroueBble ¢JIOBA: HAHOMICKTPOHHMKA, ONTHYCCKUU  mHTEepdelic,
KOaKcHaJIbHasi HAHOTPYOKa, TUAIEKTPUIECKIE HAHOTPYOKH, X PU30THII.

PRINCIPAL APPROACH TO DEVELOPMENT
3D-NANOELECTRONICS
R.R. Faizullin, A.R. Nasybullin, Z.Ya. Khalitov, D.N. Valeeva

Annotation. The article briefly characterizes a new direction in
nanoelectronics, which opens up the possibility of creating three-
dimensional integrated devices with high speed, energy efficiency and
high density of structural elements. The key base cell for constructing
elements of 3D nanoelectronics is represented by nanotubes, among
which dielectric ones stand out, as they make it possible to obtain
structures with a fairly wide range of electronic properties.

Keywords: nanoelectronics, optical interface, coaxial nanotube,
dielectric nanotubes, chrysotile.

BEKTOPHBII NU3MEPUTEJIb JOINNIEPOBCKOI'O CABUTA
YACTOTHBI JIOKALIMOHHOI'O CUTHAJIA HA OCHOBE
TAHI[EMHOI71 AMHHHTYI[HO—@ABOBOPT MO VIISILIUA
1 BOJIOKOHHOWM BPAITOBCKOM PEIIETKH, HOI[I[EP)KHBAIOH.[EPT
IOJISIPU3ALIMIO
A.A. Jlyemuna, ILE. Jlenucenxo, PM. llaceanues, A.A. Heanos,

O.I" Moposos, I'A. Moposos, K.B. Buxynos, K.A. Cunaxos

AnHotanus. Jlns wmsMepeHus noruiepoBckoro casura vactorel (JCY)
JIOKAIL[MOHHOTO CUTHaJa, HEOOXOOUMOTO JUIs KOHTPOJIS IapaMeTpoB IojieTa
BIUIA npu npuOimmkeHuu K 30He, 3aKPBITOW JUTsl BO3AYIITHOTO JBIKEHHS,
pa3paboTaHbl JBa OCHOBHBIX pPaIMO(OTOHHBIX METOHA: CKAIAPHOrO M
BeKTOpHOro (orocmemienus. B craree, mocie NpoBEACHHOrO aHajlu3a M

VECTOR METER DOPPLER FREQUENCY SHIFTS
LOCATION SIGNAL BASED ON TANDEM AMPLITUDE-PHASE
MODULATION AND A FIBER BRAGG GRATING SUPPORTING

POLARIZATION
A.A. Lustina, PE. Denisenko, R.M. Shagvaliyev, A.A. Ivanov,
O.G. Morozov, G.A. Morozov, K. V. Vikulov, K. A. Silakov

Annotation. To measure the Doppler frequency shift (DFS) of the radar
signal, which is necessary to control the UAV flight parameters when
approaching an area closed to air traffic, two main radio photon methods have
been developed: scalar and vector photomixing. In the article, after the
analysis and determination of the advantages of the latter, the concept of
constructing a radio-photon vector DFS meter based on tandem amplitude-




OllpefeNieHns] TMPEUMYIIECTB MOCIeIHEero, mpeagaraercss KOHLEHIUSA
nocTpoeHus paaunooToHHOro BekropHoro m3Meputens JCY Ha ocHoBe
TaHAEMHON aMIUTynHO-(pa3oBoi Monymsauun (TADPM) NOKaMOHHBIM U
OTpaXCHHBIM  CHTHAjlaMU  ONTHUYECKOM HeCcylled M  4YacTOTHOIO
JTUCKPUMUHATOpa JOIJIEPOBCKOTO CIBUTA, MOCTPOEHHOIO Ha BOJIOKOHHOM
OpaTTOBCKOW pelieTke, noajepkuBatonieil nomsipusanuio (BBP-I111). B
Ka4ecTBE TMPOTOTUIIA BEKTOPHOTO W3MEPUTENsS UCHONb3yeTrcsl paHee
MPEIIOKEHHBIH panodOoTOHHBIN cKasapHblid n3meputens JICY Ha ocHOBe
TA®DM n0KaIMOHHBIM, ONOPHBIM U OTPAKEHHBIM CHUTHAJIaMM ONTHYECKOMN
HECyIlleld ¥ 4YaCTOTHOIO JUCKPUMUHATOPA JAOIIEpOBCKOro casura Ha BBP ¢
PaBHBIMH CPEIHWMH 3HAYEHUS TOKA3aTeNs IPEIOMIIEHUS IO OCHOBHBIM
OocAM BOJIOKHAa, B KOTOpOM OHa Obputa 3ammcaHa. Ilo cpaBHeHHIO C
MIPOTOTHIIOM TMPEAJIATaeTCsl OTKa3aTbCd OT MCIOIB30BAaHUS OIOPHOTO
curHaa, a 6a3oByro 4acTh cxembl Ha ocHoBe TADM mnepedopmaTupoBaTh B
CXEMY C BO3MO)KHOCTbBIO peasin3zanuu cuHdasznoro I(t) u kBagaparyproro Q(t)
OOHapy)XeHMs OTpakeHHOro curHaiga. llpuBeneHel CIpyKTypa H
9KCIICPUMEHTAIBHBI CTEHX paauo(pOTOHHOTO BEKTOPHOTO H3MEpPHUTEINs
JCY, onucaHue NPUHOMIOB UX pabOTBl U  pe3yiabTaThl IEpBBIX
OKCIEPUMEHTOB, TOATBEPAUBIINX BO3MOXXHOCTD YIPOIIEHHS KOHCTPYKIIUU
U3MEpUTENs, IOBBIIIEHUS CTaOMJIBHOCTH €ro paboThl IpU H3MEHEHUH
BHEIIHUX YCJIOBHM, METOAMKA onpezencHus BenuunHbl U 3Haka J{CU Ha
OCHOBE  aMIUIMTYIHO-(a30BOTO0  pPaAWOYacTOTHOTO  JAETEKTopa ¢
MOTPENIHOCThI0  HM3MepeHnst MeHee 1°. JlocTWrHyTas MOrpentHocTh
mmepenus ICY cocrasuser £1 [

Kurouebie cioBa: BITJIA, pamnonokarus, paarnodoToHNUKA, TOTLICPOBCKII
CABUI 4YacTOTBl, CKAaJSIPHBIM HM3MEPUTENb, BEKTOPHBIA H3MEPUTEIND,
TaHAEMHAsT aMIUIUTYAHO-(a30Bass MOAY/ISILMSA, BOJIOKOHHAs OpArroBCKas
pelerka, IOANCP)KUBAIOIIAs — HONSPHU3ALHUIO,  AMIUIMTYAHO-(a30BBIN
JETEKTOpP.

phase modulation (TAPM) with the location and reflected signals of an optical
carrier and a frequency Doppler shift discriminator built on a fiber Bragg
grating that maintains polarization (FBG) is proposed. -PP). As a prototype of
the vector meter, the previously proposed radiophoton scalar DFS meter based
on TAFM is used with the location, reference and reflected signals of the
optical carrier and the Doppler shift frequency discriminator on the FBG with
equal average values of the refractive index along the main axes of the fiber
in which it was recorded. Compared with the prototype, it is proposed to
abandon the use of the reference signal, and reformat the basic part of the
TAFM-based circuit into a circuit with the possibility of implementing in-
phase I(t) and quadrature Q(t) reflected signal detection. The structure and
experimental stand of the radiophoton vector DFS meter, a description of the
principles of their operation and the results of the first experiments, which
confirmed the possibility of simplifying the design of the meter, increasing
the stability of its operation when external conditions change, a method for
determining the magnitude and sign of the DFS based on an amplitude-phase
radio frequency detector with a measurement error, are given. less than 1°.
The achieved measurement error of the DFS is £1 Hz.

Keywords: UAV, radar, radio photonics, Doppler frequency shift, scalar
meter, vector meter, tandem amplitude-phase modulation, polarization-
maintaining fiber Bragg grating, amplitude-phase detector.




PAJIMO®OTOHHBIN TPAKT CUTHAJIOB ITPOMEXYTOYHON YACTOThI
MHOI'OYACTOTHOM  MUKPOBOJIHOBOM  PAJIUOMETPUYECKOI
CUCTEMBI JIUCTAHIIMOHHOI'O 30HIMPOBAHNA ATMOC®EPHI
U H. Pocmoxun, E.B. @eooceesa, E.A. Pocmokuna, U.FO. Xon0008,
M.A. Mamioxos, H.B. Kokypog

AnHoTanus. B paGote mpeicraBieHbl pe3yNbTaThl AKCIIEPUMEHTAIBHBIX
WCCIIEZIOBAaHUN BapUaHTOB ITOCTPOEHHS TPAKTOB NMPOMEKYTOYHON YaCTOTEHI
MHKPOBOJIHOBBIX pPaauOMETPUUCCKUX CHUCTEM, OCHOBAHHBIX Ha
TpaIIHHHOHHOﬁ CXEME IMOCTPOCHUA C HCITIOJIb30BAHUEM MEIHBIX
KOAaKCHUAJbHBIX JHHHI nepegadyn CUrHajioB HpOMG)KyTO‘-IHOﬁ HaCTOThI
MHKPOBOJIHOBBIX pPaAHOMETPUUYCCKUX TIPUEMHUKOB U HCpCHCKTHBHOfI
pamuodoToHHON BOJIOKOHHO-ONTUYECKOH JIMHUU rnepenavyn
MUKpPOBOJIHOBBIX CHTHAJIOB C BHYTpeHHEH Moxymanueii. Llenpro paboTsl
SIBIISIETCS OIIEHKA BO3MOYKHOCTH PEaM3alluKl PafuoOTOHHOIO TPaKTa s
Mepeady CUTHAJIOB MPOMEXYTOYHONW YacTOTHI B COCTaBE IMEPCIEKTUBHBIX
MHUKPOBOJTHOBBIX PaarOMETPHYECKUX CUCTEM JVICTaHITMOHHOTO
30HIUPOBAaHUS aTMocdepbl. 3amaud paboThl - aHAJIHM3 XapaKTEPUCTHK
paarodOTOHHBIX TEPEeNAIoNINX W MPUEMHBIX MOIYJell B cOCTaBe TpaKTa
MPOMEXYTOUYHON Y4acTOThI MHOI'04aCTOTHOU MUKPOBOJIHOBOM
PaaMOMETPHYECKO CHCTEMBI TUCTAaHIIMOHHOTO 30HANPOBAHUA aTMOC(heps
B CPaBHEHUM C KOAKCUAJIBHOW palMOvYacTOTHON JJUHUEH Mepeayu.
KuloueBble ciaoBa: paarodOTOHHKA, MHOTOYACTOTHBIE MHKPOBOIHOBBIE
paaroMeTprIecKue CUCTEMBE, JTUCTaHIIMOHHOE 30HANPOBAHHE,
paarodOTOHHBIE TPAKTHI Mepeavil MHKPOBOTHOBBIX CUTHAJIOB.

RADIOPHOTONIC PATH OF INTERMEDIATE FREQUENCY SIGNALS
OF MULTI-FREQUENCY MICROWAVE RADIOMETRIC SYSTEM FOR
REMOTE SENSING OF THE ATMOSPHERE
I.N. Rostokin, E.V. Fedoseeva, E.A. Rostokina, 1.Y. Kholodov,
M.A. Matyukov, N.V. Kokurov

Annotation. The paper presents the results of experimental studies of
variants of construction of intermediate frequency paths of microwave
radiometric systems based on the traditional scheme of construction
using copper coaxial transmission lines of intermediate frequency
signals of microwave radiometric receivers and promising radiophotonic
fiber-optic transmission line of microwave signals with internal
modulation. The aim of the work is to evaluate the possibility of
realization of the radiophotonic path for transmission of intermediate
frequency signals as a part of perspective microwave radiometric
systems for remote sensing of the atmosphere. The objectives of the
work are to analyze the characteristics of radiophotonic transmitting and
receiving modules as part of the intermediate frequency path of a multi-
frequency microwave radiometric system for remote sensing of the
atmosphere in comparison with a coaxial radio-frequency transmission
line.

Keywords: radiophotonics, multi-frequency microwave radiometric
systems, remote sensing, radiophotonic microwave signal transmission
paths.

KOHLEITLHWA ITOCTPOEHU A KOMITJIEKCMPOBAHHOI'O
BOJIOKOHHO-OIITUYECKOI'O JATUHUKA
JJIS1 MOHUTOPHUHI'A COJIHEUYHBIX BATAPEN
K.A. Xooscanenecos, A. Husizeynviesa,
I H. Mamsees, U.U. Hypees, D.B. benos, T.A. Aenuynnun, Pyc.lll. Mucbaxos,
B.FO. Bunoepaoos, I'/]. Kogepun

AnHoTtanmusa. B craree mpemmaraercss  KOHIENIHS  MOCTPOCHUS
KOMIUTEKCHPOBAHHOTO BOJIOKOHHO- OIITUYECKOI0 Jar4yuKa JUIs
OJTHOBPEMEHHOI'0 M3MEPEHHUs OTHOCUTENbHOU BIAXHOCTU M TEMIIEPATyphl

THE CONCEPT OF BUILDING INTEGRATED FIBER OPTIC SENSOR
FOR SOLAR MONITORING
K.A. Khodjanepesov, A. Niyazgulyeva,
D.N. Matveev, I.I. Nureev, E.V. Belov, T.A. Agliullin, Rus.Sh.
Misbakhov, V.Yu. Vinogradov, G.D. Coverin

Annotation. The article proposes the concept of building a complex
fiber-optic sensor for simultaneous measurement of relative humidity
and air temperature, as well as the temperature of a solar battery. The




BO3IlyXa, a TAKXKE TEMIIEPaTypbl COIHEYHON Oarapeu. JlaTunk npencrasieH
JIBOWHOM CTPYKTYpPOW,  COCTOSIIEH W3 IBYXKacKaJHOro UHTepdepomMerpa
®dadpu-Ilepo ans u3MepeHus: OTHOCUTEIBHON BIQXKHOCTH M TEMIIEpaTyphI
BO3lyXa M JIByXKOMIIOHEHTHOM BOJIHOBOM aJpECHOW  BOJOKOHHOM
OpATTOBCKOW CTPYKTYPHI JJIsl K3MEPEHHsI TEMITEpaTyphl COTHEYHOM OaTrapeu.
Jartuuk BCTaBISIETCSl OPTOTOHAIBLHO IUIOCKOCTH — (DOTO3NMEKTpHUYecKOn
MaHEIH CONTHEYHOH Oaraped B COpPMHUPOBAHHOE B HEW TEXHOIOTHYECKOE
OTBEPCTHE TAK, YTO PACCTOSHHE MEXTy a/IpECHON BOJIOKOHHOW OPATTOBCKOM
CTpYKTypoil u momynem uHTeppepomerpoB dDadpu-Ilepo mosBonsier 6e3
MEPEKPECTHBIX HCKaXKEHU M OJHOBPEMCHHO MU3MEPATH OTHOCUTCIIbHYIO
BJIQKHOCTh W TEMIIEpaTypy BO3[yXa, a TaKKe TEMIEpaTypy CONHEYHOM
Oarapen. l3MeHeHHE OTHOCHUTEIHHOW BIAXXHOCTH BIHAET TOIBKO Ha
MOKa3aTenb MPEIOMIICHUS BHEITHETO nHTEphEepomMeTpa, Toraa Kak
VM3MEHEHHE TEeMIIepaTypbl BO3AyXa BIHUSET Ha IOKA3aTellb IPETOMIICHHUS
oboux uHTEepdepoMeTpoB. V3MeHeHNe TeMIlepaTyphl CONHEUHOW OaTtapen
BIHMSET TOJMBKO Ha IIEHTPAIBHYIO JIMHY BOJNHBI aJpPECHON BOJIOKOHHOW
OpOTTOBCKOM CTPYKTYpHL. PemmB cucTeMy ypaBHEHHWM 110 YKa3aHHBIM
rapaMeTpam, OTHOCHTENBHYIO BIXKHOCTh U TEMITEPATypy BO3IyXa, a TAKKe
TeMIepaTypy COTHEYHON Oaraper MOXHO KOHTPOJIHUPOBATH OAHOBPEMEHHO.
[IpuBenenHs! CTPyKTypa U KOHCTPYKIHS KOMITJIEKCHPOBAHHOTO BOJIOKOHHO-
OIITUYIECKOTO JTATIUKa, pe3yIbTaThl MEPBBIX  DKCIEPUMEHTOB,
TTOTBEPAUBIIINE BO3MOXXHOCTB OITHOBPEMEHHOTO M3MEpEeHHs
paccMaTpUBAeMBIX TIapaMETPOB, BIHUAIONUX Ha 3()PEKTHBHOCTH PabOTHI
COITHEYHBIX OaTapeii.

KiroueBble cjioBa: coimHeyHas Oarapes, MOHUTOPHHT 3()QGEKTUBHOCTH
mpeoOpa3oBaHmsl, KOMIUIEKCHPOBAHHBIA BOJOKOHHO-ONTHYECKUH JTaTYHK,
IByXCIONHBINA nHTEpPepomeTp Padpu-llepo, nByxKOMITOHEHTHAS BOTHOBAS
aZipecHasi BOJIOKOHHAsI OPATTOBCKAasl CTPYKTYpa, OTHOCHUTENbHAS BIAYKHOCTh
BO3/IyXa, TEMIIepaTypa BO3yXa, TEMIIEPaTyphl COTHEUHON DaTapen.

sensor is represented by a double structure, consisting of a two-stage
Fabry-Perot interferometer for measuring relative humidity and air
temperature and a two-component wave addressable fiber Bragg
structure for measuring the temperature of a solar battery. The sensor is
inserted orthogonally to the plane of the photovoltaic panel of the solar
battery into the technological hole formed in it so that the distance
between the addressable fiber Bragg structure(s) and the Fabry-Perot
interferometer module allows, without cross-distortions, to
simultaneously measure the relative humidity and air temperature, as
well as the temperature of the solar battery. A change in relative humidity
only affects the refractive index of the outer interferometer, while a
change in air temperature affects the refractive index of both
interferometers. Changing the temperature of the solar battery affects
only the central wavelength of the addressable fiber Bragg structure. By
solving the system of equations for the specified parameters, relative
humidity and air temperature, as well as the temperature of the solar
battery can be controlled simultaneously. The article presents the
structure and design of a complex fiber-optic sensor and the results of
the first experiments, which confirmed the possibility of simultaneous
measurement of the considered parameters that affect the efficiency of
solar batteries.

Keywords: solar cell, conversion efficiency monitoring, complex fiber-
optic sensor, two-layer Fabry-Perot interferometer, two-component
wave addressable fiber Bragg structure, relative air humidity, air
temperature, solar battery temperature.

BOJIOKOHHO-OIITUYECKHNE CEHCOPHBIE CUCTEMbI USBMEPEHIA

VYPOBHS BOJbI B TUAPOTEXHUYECKNX COOPYKEHUAX
A.U. llakuposa, U U. I anubaes

AnHoranus. B pabore paccmarpuBaercs OIUH U3 CIOCOOOB M3MEPEHUs
YPOBHS BOIIBI Ha TUAPOTEXHUYECKUX COOPYKEHUSIX. AKTYaIbHOCTh JTaHHOM
paboThl 00YCIIOBIIEHA YBEIMYSHUEM KOJIMYECTBA YPE3BBIUAWHBIX CHUTYaIHil

FIBER-OPTIC SENSOR SYSTEMS FOR MEASURING THE WATER
LEVEL IN HYDRO-ENGINEERING STRUCTURES
A.l. Shakirova, I.l. Ganibaev

Annotation. The paper considers one of the methods for measuring
the water level in hydraulic structures. Increasingly, emergency
situations occur at hydraulic structures due to excessive overflow of




Ha TUAPOTEXHUYECKUX COOPYKEHHSIX, BOZHUKAIOIIMX HM3-32 YPE3MEPHOIrO
MEPENOIHEHN BOJOXPAHUJIMILA BO BPEMS BECEHHEro IIOJNOBOAbS U
BBINIQJICHUSI OOMJIBHBIX OCAJKOB, TOTNA THJIPOTCXHUYECKUE 3aTBOPHI HE
CIPABJISIOTCS C CBEPXHOPMATHUBHBIMU OObEMaMH BOJIbI. ABapHM Ha TaKHX
00bEKTaxX MOTYT BO3HHUKATh BHE3alIHO M MPEACTaBIATh OrPOMHYIO
OIaCHOCTh KakK IS CAMUX O0BEKTOB, TaK U JUIs OJIM3JICIKAIINX HACEICHHBIX
IIYHKTOB, 00bEKTOB YKOHOMHKH U CEIbCKOX03IHCTBEHHBIX yroauii. [TosTomy
Tpebyercs  TiaTeabHOE  HAOMIONEHME 3a  YpPOBHEM  BOABI  Ha
THAPOTEXHUYECKUX COOPYKEHHSX C IIEIbI0 BBISIBIICHUS JIFOOBIX BO3MOKHBIX
ype3BbIUaiHbIX cuTyaliuid. [loBbIllIEHNE YPOBHS BOJBI B TUAPOTEXHUUECKUX
COOPY)KEHHSIX MOXXHO HW3MEPUTh, BHEJIPUB CHUCTEMY W3 BOJIOKOHHO-
ONTHYECKUX JATYHKOB B THAPOTEXHUYECKHE 3aTBOPHI M TaKUM 00OpazoMm
CUUTHIBATh YPOBEHDb BOJIbI B PEXXUME PEATILHOTO BPEMEHH.

KiwueBble cjioBa: BOJOKOHHO-ONITUYECKUE CEHCOPHBIE CHUCTEMBI,
TUJIPOTEXHUYECKUE COOPYKEHUSI, 3aTBOPbI, YPOBEHb BOJIbI, YPE3BbIUAHbBIC
CUTYyallMH, aBapUU

the reservoir during the spring flood and heavy precipitation, then
hydraulic gates cannot cope with excess volumes of water. The
relevance of this work is due to the increase in the number of
emergencies caused by floods. Accidents at such facilities can occur
suddenly and pose a great danger both to the facilities themselves and
to nearby settlements, economic facilities and agricultural land.
Therefore, careful monitoring of the water level at hydraulic structures
is required in order to identify any possible emergencies. Water level
rise in waterworks can be measured by incorporating a system of fiber
optic sensors into waterworks gates and thus reading the water level in
real time.

Key words: fiber-optic sensor systems, hydraulic structures, gates,
water level, emergencies, accidents.

HUHTEPITIOJIALIMS BBICOKOTI'O ITOPAJKA KAK METO/]
CYBIIMKCEJIbHOU OBPABOTKA
B 3AJTAUAX OITPEJIEJIEHIS LIEHTPAJIbBHOM JJIMHBI BOJIHBI
T.A. Aenuynnun, B.1. Anugpunocenmos, b.U. Banees, A.JK. Caxabymounos

AnHotanus. lenpro paboTsl sSBiIseTcs BHECEHWE BKiIana B 0a3y 3HaHMIA O
MeToJaX M CpEeACTBax CyONMUKCENbHOW 00pabOTKH  OJHOMEPHBIX
IUCKPETHBIX CHEKTPOB M CHUTHAJOB, 3aJaueidl KOTOPBIX  SIBIISETCS
olpeneneHre TMOJMOKEHUSI MaKCHMyMa B CHEKTpe (WM CHUTHaie) C
TOYHOCTBIO, IIPEBBIIAIOIICH Ha JBa M Ooilee MOpsSOKa HHTEpBa
IMCKPETU3aluK CUTHAJIA.

KioueBble cjoBa: ompeneineHWe YacTOTHOI'O  CABHUIA  CIIEKTPA,
cyOnmKcenpHass 00pabOTKa CHTHAJIOB, [IEHTPaTbHAS JJIMHA BOJTHBI CIIEKTpa
OTpPa)KeHUs1, METOABI YTOUHEHHSI LIEHTPAIBHON JUINHBI BOJIHBL.

HIGH-ORDER INTERPOLATION AS A SUB-PIXEL PROCESSING
METHOD IN CENTRAL WAVELENGTH ESTIMATION PROBLEMS
T.A. Agliullin, V.1. Anfinogentov, B.1. Valeev, A.Zh. Sakhabutdinov

Annotation: The goal of the work is to contribute to the knowledge base
of methods and tools for sub-pixel processing of one-dimensional
discrete spectra and signals for determining the position of the maximum
of the spectrum (or signal) with an accuracy exceeding by two or more
orders of magnitude the signal sampling interval.

Keywords: frequency shift detection, subpixel signal processing, central
wavelength of reflection spectrum, central wavelength refinement
methods.

METO/IbI Y CPEJICTBA PEABMJIMTALIMOHHOM TIOMOILIN.
[IPOI'PAMMHO-AIITIAPATHBIN KOMITJIEKC «YMHAS TTIAJIATA»
K.O.boopos, A./].3atinymounos, O.1".bodpos
(Hayynwui pyxosooumens: P.A.Bodposa, 0.m.1., Ooy.,
3a6. Kaghedpoil peaburumono2uu U CLOPMUBHOU MeOUYUHbL)

METHODS AND MEANS OF REHABILITATION ASSISTANCE.
SOFTWARE AND HARDWARE COMPLEX "SMART ROOM"
K.O. Bodrov, A.D. Zainutdinov, O.G. Bodrov
(Supervisor: R.A. Bodrova?, Doctor of Medical Sciences, Associate Professor,
Head of the Department of Rehabilitology and Sports Medicine)




AHHOTanms. «YMHas najaTa» — 3TO anmnapaTHO-MPOrpPaMMHBIA KOMILIEKC,
MO3BOJSIFOLUI MALUEHTY C OTPAaHUYEHHBIMM BO3MOYKHOCTSIMU BBIIIOIHSATh
0a30BbIe, OBITOBBIC JCHCTBUS, YIPaBIsAsl NpUOOpaMH U YCTPOHCTBAMH MPH
IIOMOIIM ABMKEHMS M1a3. [I[porpaMMHo-anmnapaTHeIM KOMIUIEKC pealu30BaH
Ha 0a3e MUHHUKOMITBbIOTEpa. [leper marueHToM ycTaHaBIMBAETCSI MOHUTODP U
BHJCOKaMepa, (PUKCUpyolIasi yKa3aHUsS TallMeHTa, BBITIONHSIEMBIE IPH
TIOMOIIIM JBWKEHHS 3padkoB riia3. C MOMOIIbIO CIIeNHaabHON MPOrpaMMBl,
CUMTBHIBAIOLICH JBIKEHUS 3pAdyKOB IJ1a3 NAl[MEHTa, IPOrpaMMHBIA MOIYJIb
«YMHOM IaJIaTeDy MOJIY4AEeT KOMaHy YIPaBJIECHUS U NIPUBOIUT B JEUCTBUE
T€ WIM HWHbIE MEXaHU3Mbl. B 000pynOBaHWU MpeaycMOTpeH HHTepdeiic
yIIpaBJIeH!sI OCBEIIEHHOCTBIO, ITOPaMHU (OTKPBITHE/3aKPBITHE) U TIP.
KiroueBble ci10Ba: yMHas najara, CpeACTBa peabUINTalNH, HEHPOCETEBbIE
QITOPUTMBI, BU3YAJIbHBIN HHTEpQENC YIpaBICHUSI.

Annotation. "Smart ward" is a hardware and software complex that
allows a patient with disabilities to perform basic, everyday activities,
controlling instruments and devices with the help of eye movement. The
software and hardware complex is implemented on the basis of a
minicomputer; a monitor and a video camera are installed in front of the
patient, which records the patient's instructions performed using the
movement of the pupils of the eyes. With the help of a special program
that reads the movements of the pupils of the patient's eyes, the "smart
board" software module receives a control command and activates
certain mechanisms. The equipment provides an interface for controlling
lighting, curtains (opening / closing), etc.

Key words: smart ward, rehabilitation methods and tools, neural
network algorithms, visual control interface.

METO/ AYIUTA HOHI)3OBAVTEJH>CKI\{IX [TAPOJIEU
HA BA3E APXUTEKTYPbI HEUPOHHOMU CETU LSTM
U.B. Anuxun, P.P. Xaepos

AnHoTanus. lleapio  paboThl  siBiIsseTcs moBbiIeHHE S((EKTHBHOCTH
HNpOLEoypbl  ayAMTa «XOpOIIO 3allOMMHAEMbBIX»  IOJb30BATEIbCKUX
maponei 3a cuer pa3pabOTKM MeToJa peaju3allid HaImpaBICHHOIO HX
nepedopa OT HamOosee BEPOSTHBIX K HAUMEHEE BEpPOATHBIM, C yYETOM
BEPOSITHOCTEH MOSIBJICHUS OTZENBHBIX CHMBOJIOB u ux
rpymm. Pa3spa®otaHHBI METOI O3BOMISIET (POPMHUPOBATH CITUCKH MAPOJIEH,
YIOPSAAOYEHHBIE COIIACHO BEPOSITHOCTHM HMX BCTpeyaeMocTu. [ma sToro
Wcronb3oBaHa apxutekrypa HediponHor cetu LSTM (long short-term
memory). [ng omneHkn 3PQekTHBHOCTH pa3padOTaHHOTO  METo/a
MIPOBENICHO CPaBHEHHE MO3ULUI HCCIEAyeMbIX Mapojied B 3TaJOHHOM
(ucmionb3yeMbIM TIpH TPSAMOM Tiepedope maposel) W YnopsAOYeHHOM
(chopmupoBaHHOM HPEAIOKEHHBIM METOAO0M) crnHckax. [lokazaHo, dToO
MPEATIOKCHHBIN METOoJ ayaura «XOpOIIO 3aIIOMHUHAEMBIX)
MOJIb30BATENBCKUX ~ Mapoyeld  sBusercs Oomee d()(EKTUBHBIM 1O
CPaBHEHHIO C MTOJIHBIM HX I1epedopoM.

KaroueBble ciioBa: ayreHTH(UKALUS, ONB30BAaTENbCKUN 11apOib, ayauT,
HeliporHast cetb, LSTM.

METHOD FOR USER’S PASSWORDS AUDIT BASED
ON LSTM NEURAL NETWORK
I.V. Anikin, R.R. Haerov

Annotation. The aim of the work is to increase the efficiency of the
audit procedure for “well-remembered” user passwords by developing a
method for implementing their directed enumeration from the most
probable to the least probable, taking into account the probabilities of
occurrence of individual characters and their groups in them. The
suggested method makes generates lists of passwords ordered according
to their probability of occurrence. We used LSTM neural network for
that. To evaluate the effectiveness of the suggested method, we
compared the positions of passwords in the ordered (formed by the
suggested method) and reference (used in brute-force) lists. We showed
that the suggested method of auditing user passwords is more efficient
than brute-force.

Keywords: authentication, password, audit, neural network, LSTM.
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A NOVEL METHOD FOR EXAMINING TEMPERATURE SENSOR NOISE:

HOW CAN THE OPTIMAL DEVICE BE SELECTED USING THE
CORRELATION OF IMPORTANT PARAMETERS?
Nigmatullin Raoul R., Alexandrov Vadim S.

Abstract. By comparing ten important parameters, the authors of this work
present a novel method for determining which test measuring device is most
similar to a particular reference sample: the comparative analysis of positive
and negative fluctuations (CAPoNeF). In the absence of any potential
outside influences, the output signals recorded from the available set of
temperature sensors were used as the original data. Choosing the optimal
sensor is not possible with the current treatment approaches. All the same,
the issue can be resolved using the CAPoNeF approach, which makes it
possible to choose the optimal element according to its features of fluctuation
and noise.

The distribution of the "prizes" and selection of the best sensor among the
suggested ones were made possible by the analysis of the reduced
matrix N (number of local minima) = M (number of relevant parameters).
When compared to the reference sample, which is the average of all recorded
values across the temperature scale, analysis of the noise of temperature
sensors across the manufacturer's specified temperature range revealed high
data processing accuracy. As this method is developed further, it will be
possible to analyze electronic components automatically and put in place as
traffic light system.

Keywords: temperature, noise of measurements, optimal selection of sensor
type, correlation of important parameters, comparative analysis of positive
and negative fluctuations.

HOBBIM METO/] UICCJIEJIOBAHUS IIIYMOB JIATUMKA
TEMIIEPATVYPbI: KAK BBIBPATH OIITUMAJIBHOE YCTPOMCTBO
I10 KOPPEJIALIMA BAXKHBIX TIAPAMETPOB?
Huemamynaun Pasunw P., Anexcanopos Baoum C.

AnnoTtanus. CpaBHHBas JeCSITh BaXKHBIX IApaMETPOB, aBTOPHI IAHHOM
paboTHl TPEACTABISIIOT HOBBII METOHI OMNpEACNeHUs TOro, Kakou
TECTOBBIN M3MEPUTENBHBIN TPHOOp Hanbosee OIM30K K UMEIOIIEMYCs
STAJIOHHOMY  00paslly —  METOJ  CpPaBHUTEIBHOTO  aHalm3a
MOJIOKUTENBHBIX W OoTpunaTenbHbix (aykryanmit (CAPoNeF). Ilpu
OTCYTCTBUM IIOTCHUHAJBHBIX BHCIIHUX BOSHeﬁCTBHﬁ 3a HCXOIOHBIC
JaHHBIC JJId CpaBHCHUA HUCIIOJIB30BAaJIMCh BBIXOAHBIC CUTHAJIbBI,
3alMCaHHbIe ¢ MMEIOIErocss Habopa JIaTYMKOB TeMIlepaTypbl. BriGop
ONITUMAJIBHOI'O 1aTYMKa HEBO3MOXKEH IIPU CYIHCCTBYIOMIUX IMMOAX0AaX K
ux obpaborke. OgHAKO, BOMPOC MOXKHO PEIINTH, MCIIONB3YS IOIXOT
CAPoNeF, xoTopplii MmMO3BONSIET BHIOpATh ONTHUMANBHBIA NATYHK IIO
0COOCHHOCTAM UX (DITYKTYaIlHi U IITyMOB.

PamxupoBaHvie TaTYMKOB M BBHIOOP JIYUIIETO U3 MPEIIOKEHHBIX CTaIl
BO3MOXKHBI, OJaroapst aHajIu3y MPUBEICHHBIX MaTpHIl N (KOJIHYECTBO
JIOKaJTbHBIX MHUHHMYMOB) > M (KOIHYECTBO 3HAYUMBIX ITapaMeETPOB).
AHanu3 MyMOB JaTYNKOB TEMIEPATYPHl B 3aJaHHOM MPOW3BOANUTEIEM
TEMIIEpaTypHOM JHara3oHe M0 CPaBHEHHIO C STAJIOHHBIM 00pasmoM,
MIPECTABISIONINM CO0O0H cpemHee 3HaueHHe BCeX 3a(UKCHpPOBAHHBIX
3HAYEHWH MO TEMIIepaTypHOI IIKalle, BBIIBUJI BBICOKYIO TOYHOCTH
00pabotku maHHBIX. [lo Mepe mampHEHIIEro pa3BUTHA ATOr0 METOMAA
MOSIBUTCS BO3MOXXHOCTh aBTOMATHUYECKH aHAM3UPOBATh AJIEKTPOHHBIE
KOMITOHEHTBl W HCIIONB30BaTh WX PAHKUPOBAHWE II0 CHCTEMeE
ceerodopa.

KiroueBble ciaoBa: Temnepatypa, IIyM H3MEPEHUH, ONTUMAaJbHBINA
BEIOOp THNA  JaTdiKa, KOPPEIslUs  BAXHBIX  IapaMeTpOB,
CPaBHHUTENBHBIN  aHaNW3  MOJNOXHUTENBHBIX W OTPHIIATEIBHBIX
(haykTyanmii.




MATHEMATICAL PRINCIPLES OF FRACTANCE APPROXIMATION
CIRCUITS AND THEIR APPLICATIONS
Yuan Xiao, Yu Bo

Abstract: This article is written to commemorate the 100™ anniversary of
the birth of Rashid Shakirovich Nigmatullin. He first realized the fractal
element performing the differentiation and integration operation of the half-
order in electrochemistry in the early 1960s. In recent years, as the theory
and application of fractional calculus has become a hot topic in many fields,
the circuit modeling and mathematical modeling of complex fractional order
phenomena and processes, as well as the physical realization and practical
applications of fractional order circuits and systems are particularly
important and urgent. Designing and constructing fractance approximation
circuits (FACs) are an effective technique to realize fractional operators and
fractional elements. In this article, we will introduce and discuss the research
and development of FACs. The main contents are: 1) some pioneers in the
research of FACs; 2) basic concepts of fractional-order circuit elements and
FACs;3) Oldham fractal chain circuits and their mathematical descriptions,
some classical half-order fractal FACS; 4) mathematical basis of the
frequency-domain  analysis—frequency-domain  characteristics  and
operational characteristics; 5) Liu-Kaplan fractal chain circuits and their
mathematical descriptions; 6) scaling extension theory and irregular scaling
equations.

Keywords: fractional element, fractional operator, fractance, fractor, fractal
fractance approximation circuits, operational characteristics, analogical
circuit modeling, mathematical rational approximation, scaling extension,
irregular scaling equations.

MATEMATHWYECKUE IMPUHLHUIIBI IIOCTPOEHUA CXEM
®PAKTAHCHOM AIIMTPOKCUMALIMU U UX TTPUJIOXEHIM S
FOanw Cso, IO bo

AnHoraunusi: [lannas cratesa Hanucana K 100-1eTuro co AHs poXKIeHUS
Pammpa IllakupoBuua Hurmatymimaa. B Hawame 1960-x romoB oH
BIIEPBBIC  peayin3oBai  (PpakTalbHBI  DJIEMEHT,  BBIMOJHSIOIIHIA
oneparuu auddepeHIUpPOBaHNUsS W HHTEIPUPOBAHHS IOJIOBUHHOTO
rnopsiaka B 2JIEKTPOXMMHU. B mocnenHue roapl, Korjaa Teopus u
npUMeHeHe APOOHOT0 UCYUCIIEHUS! CTaM TOpSYei TeMOH BO MHOTHX
obnacTsiX, CXeMHOE€ W MAaTeMaTHYecKOe MOJICIMPOBAHUE CIOXKHBIX
SIBJICHUI ¥ TPOIECCOB JAPOOHOTO TMOPsIKA, a TaKkKe WX (u3muecKas
pcam3annsa U MPAKTUYCCKOEC IMPUMCHCHUE CXEM U CHUCTEM )IpO6HOFO
nopsaka ABJIAKOTCA 0COOEHHO BaXXHBIMH H BOCTpe6OBaHHI)IMI/I.
[IpoekTrpoBaHKe ¥ MOCTPOCHHE cXeM (PpaKTaHCHON ANIpPOKCHMAIIUH
(CPA) snsrorcs 3GGEKTHBHBIM METOAOM pealii3aliy  JIPOOHBIX
OIIepaTopoB M JPOOHBIX DIEMEHTOB. B 3TO cTaThe MBI MPEACTABIIN H
00CyIuIIH UCCIICIOBaHMS U pa3pa0boTKH B ooacTi CDA 1o Clienyronmm
HampaBieHusM: 1) mmonepsl B ucciaenoBanuu CDA; 2) OCHOBHEIC
MOHATHS 00 3JIeMeHTax cxeM apoOHoro mopsinka u CDA; 3)
(hpakranpHbIe IenodedHble cxeMmbl OnfeMa W WX MaTeMaTHYeCKHe
OIIMICaHus, HEKOTOphIe Kitaccuueckne ppakranpapie COA MTOTOBUHHOTO
mopska; 4) MaTeMaTHIeCKHEe OCHOBHI aHAJIN3a B YaCTOTHOW 00JIacTH —
XapaKTEPUCTUKA B YaCTOTHON 00JacTH M paboure XapaKTEepHCTHKH;

5) dpakraneaeie memodku Jlo-Kamrana w WX MaremMaTHYecKue
onucaHus; 6) Teopwsi MACIITa0HOTO PACHIMPEHHUS W HeperysipHbIe
YpaBHEHUS MacIITaOMPOBaHUSI.

KiaroueBble ciaoBa: (QpakTaidpHBI 3JeMEHT, (QpakTalbHBIA Omeparop,
(hpaxranc, pakrop, Pppakrai, cxeMbl (PPaKTAHCHOM aImpOKCUMAITUH, paboune
XapaKTEepPUCTUKH, MONEIUPOBAHUE aHAJIOTOBBIX CXEM, MaTreMaTH4ecKas
palioHaNbHAs ANMPOKCUMAIIUS, MAacIITaOHOE pacUIMpeHHe, HeperyaspHbIe
YpaBHEHUS MacIITaOUPOBaHUSI.




DESIGN OF FRACTIONAL OSCILLATOR CIRCUIT
FOR SENSING DIFFERENT TYPES OF LOSSY CAPACITORS:
A NEW PERSPECTIVE ON STABILITY
Arpit Sourav Mohapatra, Karabi Biswas

Abstract. This article explores the novel concept of modeling lossy
capacitive sensors as fractional capacitors and leveraging fractional
oscillators a signal conditioning circuit to enhance sensor performance. The
fractional oscillator offers several distinct advantages, notably, detecting a
wide range of leakage resistance and capacitance values, while also enabling
determination of sensor location within the circuit. To address low leakage
resistance sensing, the oscillator is designed at 100 kHz, with
comprehensive considerations for non-idealities such as limited gain and
gain-bandwidth product. A simplified theory for analyzing the stability of
the oscillator is discussed in which the stability is determined by comparing
imaginary frequency to oscillating frequency.

Key words: fractional order capacitor, fractional order oscillator, signal
conditioning circuit, lossy capacitive sensors, theory for analyzing the
stability

PA3PABOTKA CXEMbI IPOBHOI'O TEHEPATOPA
JJUIA PABJIIMYEHUS XAPAKTEPUCTUK KOHAEHCATOPOB
C IIOTEPSIMU: HOBBII B3IJI)] HA CTABMJIBHOCTbD

Apnum Cypas Moxanampa, Kapabu bucsac

AnHoTanusi. B 9T0il  crathe wucciemyercss HOBas — KOHIGMITUS
MOJIETTUPOBAHUS EMKOCTHBIX NATYMKOB C MOTEPSMU B BHUJE APOOHBIX
KOHJICHCATOPOB M MPUMEHEHUS IPOOHBIX TEHEPATOPOB B KAUYECTBE CXEM
(hOopMUPOBAHUS CUTHAJIOB JJIsl TIOBBIIICHHUS KAa4eCTBa Pa3JIMUCHUS UX
XapakTepucTuK. JIpoOHBII reHepaTop 00s1a1aeT HECKOJIbKUMHU SIBHBIMHU
MIPEUMYIIECTBAMH, B YACTHOCTH, OOHAPYKEHUEM IIHPOKOTO Arana3oHa
3HAYCHHUH COMPOTUBIICHUS YTEUKH U EMKOCTH, a TAK)KE€ BO3MOKXHOCTHIO
OTIPEJIENIATh MECTOIIONOKEHNE NaTYMKa BHYTpH Iienu. s pemeHus
npoOysieMbl OOHApY)KEHHSI C HHU3KAM COMPOTHBICHUEM YTCUKH
TeHepaTop CHpoekThupoBaH Ha dactoTy 100 [ ¢ yderom Bcex
HeHIeaTbHOCTE!, TAKNX KaK OrpaHIYeHHbIE YCHJIEHUE U TPOU3BEICHNE
YCHUIIGHHSI Ha TOJIocy mporryckanus. O0CyKaaeTcs yrpouieHHast TEOPHS
aHanM3a CTaOWIBFHOCTH TeHepaTopa, B paMKax KOTOPOW CTaOHUIIBHOCTH
orpenensieTcs MyTeM CpaBHEHHSI 9acTOTHI KOJIEOaHWH ¢ €€ MHHMOW
COCTABJISIFOLIEH.

KiaioueBble cj0Ba: KOHIASHCATOP JAPOOHOrO TMOPSIKA, TEHEpaTop
IPOOHOTO TIOpsAnKa, cxema (OPMHPOBAHUS CHTHAIA, CEMKOCTHBIC
JATYMKH C ITOTEPSIMH, TEOPHS I aHATTN3a YCTONYHBOCTH T€HEPaTOPOB.

CPABHUTEJIbHBIN AHAJIN3 BAPUAHTOB U3TOTOBJIEHU S
BOJIOKOHHO-OIITUYECKHWX 30H/J0B METOJIOM IIEPETSIDKKI
M.B. Jlawixos, 3.B. benos, A.7K. Caxabymounog

AuHoTauus. B pabore mnpuBeneHb pe3ylbTaThl CPAaBHUTEIBHOIO aHAIIN3a
BapUAHTOB M3TOTOBJICHUS BOJIOKOHHO-ONTHYECKHX 30HIOB METO/IOM IEPETSIKKH,
MIPOBEICHHOTO Ha OCHOBE JKCIIEPUMEHTANBHBIX HCCienoBaHui. [IpencTaBieHs
pe3yNbTaThl U3MEPEHHs MepeJaTOuHbIX XapaKTEPHCTHK BOJOKOHHO-ONTHYECKHX
30HZIOB TIPH HCIOJIB30BAaHMM B Ka4deCTBE YYBCTBUTEIBHOIO JJIEMEHTa 30HIA
nnTephepomerpa adpu-Ilepo.

KuroueBble c10Ba: onTHdyeckoe BOIIOKHO, ceHcop, nHTepdepomerp Dadpu-Ilepo,
HepeTsiKKa, MepeaToyHast XapaKTepUCTHKA.

COMPARATIVE ANALYSIS OF METHODS FOR MANUFACTURING
FIBER OPTIC PROBES USING THE TAPERING TECHNIQUE
M.V. Dashkov, E.V. Belov, A.Zh. Sahabutdinov

Annotation. The paper provides a comparative analysis of methods for
manufacturing fiber-optic probes using the tapering technique based on
experimental studies. The transfer characteristics of fiber-optic probes
for application in Fabry-Perot interferometer were measured and results
are presented.

Keywords. Optical fiber, sensor,
interferometer, tapering, transfer characteristic.

Fabry-Perot




[IOCTPOEHME 1 OIITEHKA HEMPOCETEBOM MOJIEJIN
PACIIO3HABAHMS JIOPOXXHBIX OB bEKTOB
P.M. Xycaunos, H.I'. Tanunos, A.C. Kamacée

Annotanus. Llenpio uccrnenoBanus sBIseTcS pelIeHHE 3aayd paclo3HABaHMSI
JIOPOKHBIX OOBEKTOB C IIOMOIIBIO HelpocereBod Mmoxenu. [ ee peuieHus
000CHOBaHa 11€71eCO00Pa3HOCTh MCIIONB30BAHHUS CBEPTOYHBIX HEHPOHHBIX CeTei.
Jig mocTpoeHMs MOJAENH WCIONb30BaH Habop JaHHBIX W3 cetn HHTepHeT,
MPEACTABISIIONMK  CO00H W300pakeHUsl CIEMYIOMUX JIOPOXKHBIX OOBEKTOB:
JIOpOKHBIE 3HAKH, JOPOXKHAs pa3Merka, cBerodopsl. s mocTpoeHWst Monuenu
BBIOpaHbI HHCTPYMEHTAIBHBIC CPE/ICTBA: A3BIK MIPOrpaMMupoBanus Python u cpena
paszpabdorkn IDLE. Ilpm HammcaHmm TPOTpaMMHOTO KOAA TPHMEHSIINCH
oubmoreku: Open CV, Python Imaging Library, Tensorflow, Keras, Pandas,
Sklearn, Matplotlib. B pesysprare ananmm3a CyIIECTBYIOIIMX —apXHTEKTYp
HEHPOHHBIX CETeH ISl TOCTPOCHUS MOJENM BBIOpaHa apxutekrypa LeNet. B
apXUTEKType WCIOIb30BaHbl JBe (QYHKIMU aktuBaiu: Relu u  Softmax.
[TocTpoeHHast MOZIENTb COCTOUT U3 YETHIPEX CIIOEB CBEPTKH, JIBYX CIIOEB ITOIBBIOOPKU
Y IBYX TIOJTHOCBSI3HBIX CJIO€B. B MOTHOCBSIZHOM CIIO€ HCIIONB3YIOTCS TPU HEMpOHa,
KOTOpBIE OTHOCSTCS K KJIACCaM IOPOXKHBIX 00beKTOB. Mozieis 00ydanachk B TEUEHUE
15 smox. Ha coOcTBeHHO# BBIOOpKE MaHHBIX, cocrosimied u3 190 m3o00pakeHui,
COOpaHHBIX Ha TOpPOACKHMX noporax T. Kazanm ¢ yderoMm pazinmyHbIX (aKTOpOB
(ce3oHHBIE M BpeMEHHBIE YCIOBHS ), POBOIUIIOCH TECTUPOBAHKE MOZETH. T O9HOCTB
pacrio3HaBaHUS JOPOXKHBIX 00BEKTOB Ha 00yYaroIeil BRIOOPKE TAaHHBIX COCTaBHIIA
91,44%, Ha TecTOBOM Habope maHHBIX - 92%, 4TO MOATBEpP)KIACT aIeKBATHOCTH
MOCTPOCHHON Monenu. [l OLIEHKH MOCTPOCHHOW MOJAENU CIPOEKTHUPOBaHA
Marpuila ommOOK, pacCUMTaHbl 3HAYEHHs METpuK precision, recall u f1-score. B
TIEPCIIEKTHBE TUTAHUPYETCS TIOCTPOCHWE MPYTrUX BHUJIOB MOJENEH, paclIupeHue
Habopa JaHHBIX, a Takke pa3paboTka MOOWIBHOTO TIPHUIIOKEHUS s
ABTOMATHYECKOTO PACIIO3HABAHUS IOPOKHBIX OOBEKTOB.

KuaroueBbie ci10Ba: HEHPOHHBIE CETH, JOPOXKHBIE OOBEKTHI, pACIIO3HABAHUE
00BEKTOB, JOPOKHO-TPAHCIIOPTHBIE MTPOUCIIIECTBHS, TOYHOCTH PACIIO3HABAHUSL.

CONSTRUCTION AND EVALUATION OF A NEURAL NETWORK
MODEL FOR ROAD OBJECT RECOGNITION
R.M. Khusainov, N.G. Talipov, A.S. Katasev

Annotation. The purpose of the study is to solve the problem of road objects
recognition using a neural network model. To solve this problem, the feasibility
of using convolutional neural networks is justified. To build the model, a data
set from the Internet was used, which represents images of the following road
objects: road signs, road markings, traffic lights. To build the model, the
following tools were chosen: the Python programming language and the IDLE
development environment. When writing the program code, the following
libraries were used: Open CV, Python Imaging Library, Tensorflow, Keras,
Pandas, Sklearn, Matplotlib. As a result of the analysis of existing neural
network architectures, the LeNet architecture was chosen to build the model.
The architecture uses two activation functions: Relu and Softmax. The
constructed model consists of four convolution layers, two subsampling layers
and two fully connected layers. The fully connected layer uses three neurons
that belong to the classes of road objects. The model was trained for 15 epochs.
The model was tested on our own data sample, consisting of 190 images
collected on city roads in Kazan, taking into account various factors (seasonal
and time conditions). The accuracy of recognition of road objects on the
training data set was 91.44%, on the test data set - 92%, which confirms the
adequacy of the constructed model. To evaluate the constructed model, an error
matrix was designed, and the values of the metrics precision, recall and f1-
score were calculated. In the future, it is planned to build other types of models,
expand the data set, and also develop a mobile application for automatic
recognition of road objects.

Keywords: neural networks, road objects, object recognition, road
accidents, recognition accuracy




AHAJIN3 COBPEMEHHBIX HAITPABJIEHUM PABBUTHUS
ITPOMBIITIJIEHHOI'O OIITUKO-3JIEKTPOHHOI'O
ITPOU3BOJACTBA
benascxasa T.B., Jlykuna C.B.

AHHoTanud. B cTatbe paccMOTpeHB! OCHOBHBIE OCOOEHHOCTH IMPOMBIIIIJIEHHOTO
OIITUKO-3JIEKTPOHHOTO Tpou3BojcTBa. [IpencraBien anamu3 ocoOeHHOCTEH
3apyOEKHBIX H OTEUECTBEHHBIX CUCTEM OINTHKO-3JIEKTPOHHOIO MPOM3BOJICTBA, a
TaKXXe€ WX CpPaBHEHUE, II03BOJIMBIIEE, ONPEICIUTh OCHOBHBIE HAIPABIICHUS
COBEPIIEHCTBOBAHUA POCCUUCKOM MPOU3BOJCTBEHHOW CHCTEMBI ONTHKO-
3JIEKTPOHHOM OTpACIIH.

KuroueBbie €JI0BA: ONTUKO-JIEKTPOHHOE IPOM3BOJICTBO, OITO3JIEKTPOHHAS
HPOMBIIUIEHHOCTb, ONTO3JIEKTPOHUKA, [IPOMBIIUIEHHOE ITPOU3BOICTBO, O TUKO-
3JIEKTPOHHAs 0Tpacib, IPOU3BOACTBEHHAS CUCTEMA.

ANALYSIS OF MODERN DIRECTIONS OF DEVELOPMENT
INDUSTRIAL OPTICAL-ELECTRONIC PRODUCTION

Belyavskaya T.V., Lukina S.V.

Annotation. The article discusses the main features of industrial optical-
electronic production. An analysis of the features of foreign and domestic
optical-electronic production systems is presented, as well as their
comparison, which made it possible to determine the main directions for
improving the Russian production system of the optical-electronic industry.
Keywords: optoelectronic production, optoelectronic industry,
optoelectronics, industrial production, optoelectronic industry, production
system.

MOJIEJIMPOBAHME PAJJMO®OTOHHOI'O YCTPONMCTBA
OOPMHUPOBAHUN A CBEPXIIIMPOKOITOJIOCHBIX ITOMEX
IJI. Xatipynnuna, 1.1, Hypees

AHHoTanus. B paboTe npuBeneH onuH U3 BO3MOKHBIX METO0B (JOPMHUPOBAHUS
CBEPXILIMPOKOIOJIIOCHBIX PaANOYaCTOTHBIX IIOMEX HA OCHOBE IPUMEHEHUS
TaHJEMHOW aMIUIUTYAHO-()a30BOM MOMYISALIMK ONTHYECKON Hecymield. B craTse
paccMOTPEHBl OCHOBHBIE IOHATHS CBEPXIIMPOKOIOJIOCHBIX CHUTHANOB H
MIPEUMYILIECTBA TEXHOIOTMH PAAXO()OTOHUKH ISt UX (POPMUPOBAHUS B 3aJaHHOM
IMana3oHe M C 3aJaHHbIM (YHKIMOHAJIbHBIM Ha3HadeHHeM. llomyueHsl
pe3ynbTaThl MOJCIMPOBAHUS IMPEATIOKEHHOI'O YCTPOHCTBa (OPMHUpPOBAHUSA U
MPEATI0KECHBI BAPHAHTHI IPUMEHEHUS CBEPXIIUPOKOIIOIOCHBIX ITOMEX.
KiwueBble  cioBa: pannodOTOHHMKA,  CBEPXIIMPOKONOJIOCHBIH  CHTHAJ,
(hopMHpOBaTENh LIYMOBBIX [TOMEX, TAHAEMHAs aMIUTUTYAHO-(a30Bas MOZyIALMS,
MOJIETTUPOBAHUE.

SIMULATION OF MICROWAVE PHOTONIC DEVICE
FOR ULTRA-WIDEBAND INTERFERENCE FORMING
D.L. Khairullina, I.I. Nureev

Annotation. The paper presents one of the possible methods for
implementing ultra-wideband radio frequency interference based on the use
of tandem amplitude-phase modulation of an optical carrier. The article
discusses the basic concepts of ultra-wideband signals and the advantages of
radiophotonics technologies for their formation in a given range and with a
given functional purpose. Simulation results of the proposed forming device
were obtained and options for the use of ultra-wideband interference were
proposed.

Keywords: radio photonics, ultra-wideband signal, noise generator, tandem
amplitude-phase modulation, modeling.
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OBHAPYXXEHMUE ITEIIEXOA0B HA N30BPAXKEHMSIX HA OCHOBE
MOJEJIN I''TYBOKOI'O OBYUEHUM
MM. Jlswesa, C.A. Jlawesa, M.I1. I[[Ineiimosuu

AnHotanus. B paGore paccMorpeHa 3amada OOHApYKEHHUs ICIIEXOJ0B Ha
I/I306pa)KeHI/I$IX B HUHTCIUICKTYAJIbHBIX CHUCTEMax MOAACPKKH BOIIHTeHeﬁ
TPaHCIOPTHBIX CPeACTB. PerieHne yka3zaHHOH 3ajauud MMEET Ba)KHOE 3HAUYCHUE
npu pa3paboTke ¥ BHEAPEHWH HMHTEIUIEKTYAIBHBIX TPAHCIOPTHBIX CHUCTEM B
paMKax peaqu3aluy KOHIENIUU «YMHBIH ropomy». Llensio pa®oTsl sBIsSETCS
BBIOOP MeTO/1a 00pabOTKN M300PaKEHUI JIJIs1 TOUHOT'O U OBICTPOTr'0 OOHAPYKEHHS
MEHIEX0a0B IIPU OrpaHUYCHU N HAT'PY3KHW HA BEIYUCIIUTEIBHBIC PECYPCHI CUCTEMBI.
HpHBe}IeHBI OCHOBHBIC KJIaACChl PCHICHUA 3adadu 06Hap}I)KeHI/I${ 0OBEKTOB Ha
n3o0pakenusx. Iloka3aHo, 4YTO TpaAWIMOHHBIE METOABI  00pPabOTKM
M300paKEHUN SIBJLIIOTCS MEHee TpeOOBaTENBHBIMH W 0ojiee OBICTPBIMH 10
CPaBHEHHIO C METOJIaMH Ha OCHOBE TIIYOOKOTro OOyd4eHHs, HO CYIIECTBEHHO
YCTYNaloT TOCHETHUM MO TOYHOCTH. BEITIONHEH aHanu3 OJHOSTAaHBIX M
JIBYXATAITHBIX MOJIENEeN TITyOOKOro o0y4deHu s, TPUMEHSIEMBIX Ui OOHAPYXKESHHS
3aJaHHbIX 00beKTOB. ITo pe3ynbraTam aHammsa BeiOpana mozxens YOLOVA-tiny.
Ha ocHoBe manHOI Mozenu peann3oBaHa MPOTrpaMMa, TTO3BOJIHMBINAS MTPOBECTH
SKCIIEpUMEHTAIbHBIE HCCIEJOBAaHHUS [0 OOHAPYXKEHHWIO TIeIIeXOJ0B Ha
n300pakeHnax. l[IpemTokeHHBIH MOAX0A TIOKazal CBOIO 3(G(EKTHBHOCTH H
MOXKET OBITh WCIIONB30BAaH ISl pa3pabOTKH WHTEIEKTYAIbHBIX CHCTEM
TTOJIAEP KKH BOJUTENEH TPAHCTIOPTHBIX CHCTEM.

KuaroueBble cii0Ba: yMHBII TOpOJ, WHTEIUIEKTYallbHAas TpPAHCIIOPTHAS
cucTema, WHTEJUIEKTyaJIbHas ~ CHUCTeMa  TOIJEPKKA  BOJAUTENS
TPAHCIIOPTHOTO  CPENCTBA, METOABl OOHapyXeHHWs: OOBEKTOB Ha
M300pakeHUAX, MOJIEIH TIIYOOKOTO 00yUeHHH sl OOHAPYKEHHsI 00bEKTOB

Ha N300paKEeHHX.

PEDESTRIAN DETECTION IN IMAGES BASED ON DEEP LEARNING
MODEL
M.M. Lyasheva, S.A. Lyasheva, M.P. Shleymovich

Annotation. The paper considers the problem of detecting pedestrians in
images in intelligent vehicle driver support systems. The solution of this
problem is important in the development and implementation of intelligent
transport systems within the framework of the implementation of the "Smart
City" concept. The aim of the work is to choose an image processing method
for accurate and fast detection of pedestrians with limited computing
resources of the system. The main classes of solving the problem of detecting
objects in images are given. It is shown that traditional image processing
methods are less demanding and faster than methods based on deep learning,
but significantly inferior to the latter in accuracy. The analysis of one-stage
and two-stage deep learning models used to detect specified objects is
performed. Based on the results of the analysis, the YOLOv4-tiny model was
selected. Based on this model, a program was implemented that allowed
experimental studies to be carried out to detect pedestrians in images. The
proposed approach has shown its effectiveness and can be used to develop
intelligent vehicle driver support systems.

Keywords: smart city, intelligent transport system, intelligent vehicle
driver support system, object detection methods in images, deep learning
models for object detection in images.

PACIIOZHABAHUE JTMHAMMWYECKHUX PYKOITMCHBIX HOI[HHCEPI C
HCIIOJIb3OBAHUEM METO/J10B TEOPUI
HEYETKUX MHOXECTB
D.C. Anucumosa, U.B. Anuxun

RECOGNITION OF DYNAMIC HANDWRITTEN SIGNATURES USING
METHODS OF FUZZY SET THEORY
E.S. Anisimova, I.V. Anikin




Annortanus. Pabora mnocesilieHa pacro3HaBaHWIO PYKOMHMCHBIX TOAIUCEH,
BBEACHHBIX C MOMOUIBIO Tpaduueckoro ruaHmera. [Ipeanoxena nmpu3HaKoBas
MOJIeTIb PYKOIUCHOM TOMNUCH, XapaKTepU3yrmas OcOOCHHOCTH TUHAMHKU
HaMCaHM MOJIMKMCH TI0 PA3TMYHBIM KaHAJIAM M UCTIONIB3YIOMIAs METOBI TEOPHH
HeuéTKMX MHOXecTB. [IpeanokeH anropuTM CO3JaHUS ATAJOHHOTO IIadiIoHa
PYKOIHCHON TIOANMCH, WUCTIOJB3YIOIIUI METOJ MOTEHIHAJIOB ISl MTOCTPOCHUS
(GYHKIUH TPUHAUISKHOCTH MPU3HAKOB U pabOoTaIoUi 1axke Py HeOOIbIION
oOyuyarorieli BbIOOpKe. [IpoBeleHBI HCCIIEIOBAHMS, B KOTOPBIX BBISBJICHBI
ONTUMAJIbHBIC 3HAYCHUS CTEIEHH KOMIIAKTHOCTH, HCIOJIb3yeMOH IpH
MOCTPOCHUU (YHKIMA NPUHAICKHOCTH W3 STAJIOHHOrO IIa0JIoHa, (OPMBI
GYHKIMH — TPUHAUICKHOCTH  TEPMOB  JIMHTBHCTHYECKMX  [TEPEMEHHBIX,
MPUMEHSEMBIX TIPU IOCTPOSCHHM TPU3HAKOBOW MOIENIH, H, KPOME TOrO,
MOJIyYEHBl PaIlMOHAbHBIE COCTaBbl MPHU3HAKOB, MHHUMHU3UPYIOIIUE OIIMOKY
pacrio3HaBanus. [IpemiokeHa MoaylibHasi CTPYKTypa MPOrpaMMHON CHCTEMBI
pacro3HaBaHusl pPyKOIIMCHBIX TTOAMUCEH, BBEIEHHBIX C TOMOIIBIO TpapuIecKoro
mianmiera. [Ipy HaifIeHHBIX B pe3yjbTaTe HCCIEIOBAHUI TapamMeTrpax
nocTUTHYTHl 3HaveHus: nokaszarenss EER 0,36% u 3Hauenwe ommbKu BTOPOTO
pona 0,2%.

KawueBbie cioBa: JHHaMUYeCKasi PyKOMHCHAS TOAINUCH, THHAMUYECKAs
XapaKTepUCTUKA, TPU3HAKOBASI MOJICIb, STAJIOHHBII MTa0JIOH.

Annotation. We devoted this work to the recognition of handwritten
signatures entered using a graphics tablet. We proposed a feature model of a
handwritten signature that characterizes the dynamics of signature writing
through various channels and uses methods of fuzzy set theory. We proposed
an algorithm for creating a reference template for a handwritten signature that
uses the potential method to construct feature membership functions and
works even with a small training sample. We conducted studies in which we
identified the optimal values of the degree of compactness used in
constructing membership functions from a reference template, the form of
membership functions of terms of linguistic variables used in constructing a
feature model, and, in addition, obtained rational compositions of features
that minimize recognition error. We proposed a modular structure of a
software system for recognizing handwritten signatures entered using a
graphics tablet. With the parameters found as a result of the research, we
obtained an EER value of 0.36% and a type Il error value of 0.2%.
Keywords: dynamic handwritten signature, dynamic characteristic,
feature model, reference template.

HEMPOCETEBAS MOJIEJIb PACIIOSHABAHIS
BBIPAKEHU S JIMLA AJ1s1 OITPEAEJIEHU A
VCTAJIOCTHU YEJIOBEKA
b. Kypbanos, A.C. Kamacés, U.M. [llasxmemos, b.P. 3unnypos

AnHoTauus. CTaThs NOCBAILLIECHA MCIONB30BAHUIO CBEPTOYHOU HeMpoceTeBoit
MOJENH AJIsl ONPEAETICHNs] YCTAIOCTU YeJIOBEKa 10 BBIPayKeHUo auua. st aToro
HCIIONIb3YETCA ApXUTEKTypa cBepTOuHOM HeilpoHHoU cetn ResNet50, koropas
o0ydaercs Ha M300paKEHHUSIX U HAXOIUT MPU3HAKH, YKA3bIBAIOLIME HA YCTaJIOCTh
u OoapocTh yenoBeka. [loAroroBineHHbI HaOOp AaHHBIX BKIo4YaeT B cebs 6000
n3obpakennit, n3 kotoperx 3000 wu300paskeHUil COOTBETCTBYIOT NpHU3HAKAM
yCTaNoro 4enopeka (Ha 3TUX N300pakeHHSIX YeJIOBEK 36BaeT MIIM 3aKPBIBAET IJ1a3a)
n 3000 wu3o0pakeHW — TMpU3HAKAM YycTaioro uenoBeka. llpm co3manum
HeilipocereBoit Mmogenu ResNet50 ucmonbp30BaH 361K IporpamMmmupoBanus Python,
mwiatdopma ais pazpadorku Jupyter Notebook u cpena paszpaborku Anaconda3.

NEURAL NETWORK MODEL OF FACIAL EXPRESSION
RECOGNITION TO DETERMINE HUMAN FATIGUE
B. Kurbanov, A.S. Katasev, .M. Shayahmetov, B.R. Zinnurov

Annotation. The article is devoted to the use of a convolutional neural
network model to determine a person’s fatigue by facial expression. For this
purpose, the architecture of the convolutional neural network ResNet50 is
used, which is trained on images and finds signs indicating a person’s fatigue
and vigor. The prepared dataset includes 6000 images, of which 3000 images
correspond to a tired person (in these images the person yawns or closes his
eyes) and 3000 images correspond to a cheerful person. When creating the
ResNet50 neural network model, the Python programming language, the
Jupyter Notebook development platform and the Anaconda3 development
environment were used. The neural network model was trained for 100
epochs, with each training example consisting of 32 elements. Thanks to the




HeiipocereBass monens oOyuamack B TedeHue 100 3mox, mpu STOM KaxK bl
oOydvarommii mpuMep cocTosi u3 32 sneMeHTOB. biarogapsi MCONB30BaHUIO
anroputMa ontummuzanud Adam ynanock OOY4YHTH HEHPOHHYIO CETh ISt
KOpPEKTHOH Kiaccu(uKau n300pa)KeHni Ha JBa Kilacca: yCTalloCTh U 0OAPOCTb.
I[lpu oOy4yeHuum HeWpoceTeBass MOIENb JIOCTUIJA  YPOBHS  TOYHOCTH
kinaccudukaiun B 95%. B pesynbrare pacuyera 3HAUEHWH METPHK KauecTBa
knaccugukanuu Recall u Precision Ha TecTOBON BBIOOpKE JaHHBIX, UCIIOIB3YS
MaTpUIly OIIMOOK, VYJAJIOCh TONYyYUTh BBICOKHE pe3yibTaThl. Jlis Kimacca
«ycranblity 3HadyeHue MeTpuku Recall cocraBuiio 0.9426, a 3HaueHHEe METPUKH
Precision — 0.9587. lns kiacca «0oapblity 3HaueHne merpuku Recall coctaBuiio
0.9576, a s3mauenme wmerpukm Precision — 0.9417. DOt mokazaTenw
CBHUJICTEIBCTBYIOT 00 aJIeKBATHOCTH MOCTPOCHHOH MOJEIH M BO3MOXKHOCTH €e
MIPaKTUYCCKOIr 0O HUCIIOJIb30BAHMUS. B urore MoxkHO caeciaaTthb BBIBO/I, qT0
MPOBENICHHOE HCCIEAOBAaHNE TPOJACMOHCTPUPOBANIO YCIIENIHOE TMPUMEHEHHE
HEWpOCETEBOM MOJIETIM PACIIO3HABAHUS BBIPAKEHUS JMUA JUIsl ONPEJeTIeHus
YCTaJIOCTH YEIOBEKa C BEICOKOW CTEMEHbI0 TOYHOCTH.

KuroueBble cioBa: HelipoceTeBasi MOJIENlb, CBEPTOUHAs HEUPOHHAsS CETh,
OIpeneNeHre YCTaIOCTH YelloBeKa, BripakeHue juia, ResNet50.

use of the Adam optimization algorithm, it was possible to train a neural
network to correctly classify images into two classes: fatigue and vigor.
During training, the neural network model achieved a classification accuracy
level of 95%. As a result of calculating the values of classification quality
metrics Recall and Precision on a test data sample using an error matrix, it
was possible to obtain high results. For the “tired” class, the value of the
Recall metric was 0.9426, and the Precision metric was 0.9587. For the
“vigorous” class, the value of the Recall metric was 0.9576, and the Precision
metric was 0.9417. These indicators indicate the adequacy of the constructed
model and the possibility of its practical use. As a result, we can conclude
that the study demonstrated the successful use of a neural network model for
facial expression recognition to determine human fatigue with a high degree
of accuracy.

Keywords: neural network model, convolutional neural network,
human fatigue detection, facial expression, ResNet50.

[TPUMEHEHUE HEUPOCETEBBIX MOHEHEﬁ JUIA
PACIIOZHABAHUMA SMOLIMOHAJIBHOM OKPACKH PEYUN
I.U. Kapnenkosa, A.C. Kamacés

AHHoTanus. B pabore paccMOoTpeHO pelleHHEe 3aJadd  pPacliO3HABAHMS
SMOLMOHAJIPHON OKPAacKd pPE4d Ha OCHOBE IIOCTPOEHHUS U HCCIECIOBaHUS
HeiipocereBoit Mozenu. lIpoaHamu3upoBaHBl THUIIOBBIE METOIBI KIIACCH(UKAIIH
sMonuit. st permeHus 3amaun 0OOCHOBaHA I€€CO00Pa3HOCTh HCIOJIB30BAHUS
KaTeropuaibHOW MOJIENTH TIPEACTaBIICHIS SMOIHMA Kak HanOonee a¢ddexTuBHON. B
KayecTBe 00BEKTa MCCICIOBAHUI BBICTYNAIOT ayJHO3aIlCH YeOBEUECKOH PEUH.
st aHanm3a 3HaYeHU mapaMeTpoB ayAH03aMUCen, TAKUX KaK MENT-KEICTPaIbHbIe
K03(h(pULIMEHTEI, CIEKTPOrpaMMBl M XPOMaTOIPaMMBI, IPEIOKEHO MCTIOIb30BaTh
HelpocereBylo Mozenb. B KkauecTBe HMCXOAHBIX MAaHHBIX JUId aHAIU3a H
HEHpPOCETEeBOr0  MOIECJIMPOBAHMS  HCIIOJNB30BAHO  HECKOIBKO  HaOOpoB
AHTJIOSI3BIYHBIX ayJMOJaHHBIX, HailJIeHHbIX Ha IaTdopme Kaggle. Mcxomnsrit
Ha0Op IaHHBIX BBUICNSET CEMb KJIAacCcOB (IMOLMM): cYACThE, YIUBICHHE,
HeWTpajibHas SMOLMs, THEB, Iedalb, CTpax, orBpameHue. OOmee YuciIo

APPLICATION OF NEURAL NETWORK MODELS FOR SOLUTION
TASKS OF SPEECH EMOTION RECOGNITION
D.I. Karpenkova, A.S. Katasev

Annotation. The paper considers the solution to the problem of speech
emotion recognition (SER) based on the construction and research of a neural
network model. Typical methods of emotion classification are analyzed. To
solve the problem, the expediency of using a categorical model of representing
emotions as the most effective is justified. Audio recordings of human speech
are the object of research. It is proposed to use a neural network model to
analyze the values of audio recording parameters, such as spectral coefficients,
spectrograms and chromatograms. Several sets of English-language audio data
found on the kaggle platform were used as source data for analysis and neural
network modeling. The original dataset identifies seven classes (emotions):
happiness, surprise, neutral emotion, anger, sadness, fear, disgust. The total
number of audio recordings in the generated archive is 48,648. The initial data
was presented in the form of audio recordings of various lengths. To train a




aynuosanuceil B chopMupoBanHOM HaOope cocraisier 48648. VicxonHbie TaHHbIC
OBUIM TIPEJCTABJICHBI B BUJC ayauo3amuced pa3iuyHoOi JiuHbL. [ oOyueHus
HEHpOCeTeBO MOAeNH W3 ayauo3anucedl ObUIM HW3BIEYCHBI XapaKTEpHBIC
MpU3HaKW W TpoBeAeHa ayrMmeHTanus. Ilo MCXOAHBIM JaHHBIM pPacCUUTAHbI
3HaYeHUs1 162 mapameTpoB ayaMo3amnucedl C TIONyYeHHWEM eIUHON TaOnuIsl
MaHHBIX Uit aHaimu3a. OmnucaH Mpolecc MOATOTOBKM JIAHHBIX K aHaU3y H
MoJenpoBannto. [IpoBeneHo pa3OueHue JaHHBIX Ha 00ydaromiee M TECTOBOE
MHOKECTBA, a TaK)Ke MOCTPOEHUE U UCCIIE0BaHNE HEIPOCETEBON MOJIETH B BUJIE
CBEPTOYHOM HEUPOHHOM ceTH. [11ist orieHKH 3(PEKTUBHOCTH MOCTPOCHHON MOJIENN
MPOM3BENIEHAa OILIEHKa TOYHOCTH, MOJHOTHI W F-Mephl MOCTPOEHHON MOAEIH.
PesynpraTel mccremoBaHWil TMOKa3ajd, 4YTO MOCTPOEHHAs MOIENb SBISETCA
nocratoyHo d¢pdektuBHOH W MokeT OBITh HUCIONB30BaHA B COCTaBe
WMHTEIUIEKTYaIbHON CHCTEMBI TIOJIEPIKKH MPUHATHS PEIICHHH.

KaloueBble cjioBa: HeiipoceTeBas MOJENb, SMOLMOHATIFHAS OKpAcKa pedH,
aHaJIN3 ayTUOJaHHBIX, MOJIEIMPOBAHNE.

neural network model, characteristic features were extracted from audio
recordings and augmentation was performed. Based on the initial data, the
values of 162 parameters of audio recordings were calculated to obtain a single
data table for analysis. The process of preparing data for analysis and modeling
is described. The data was divided into training and test sets, as well as the
construction and study of a neural network model in the form of a convolutional
neural network. To assess the effectiveness of the constructed model, an
assessment of the accuracy, completeness and F-measure of the constructed
model was made. The research results have shown that the model is quite
effective and can be used as part of an intelligent decision support system.
Keywords: neural network model, speech emotion, audio data analysis,
modeling.

OCOBEHHOCTHU PA3PABOTKU CITEIITUAJIBHOT'O
MATEMATHUYECKOI'O U TTPOTPAMMHOI'O OBECITEYEHUA JIJTA
OPT"AHOB VYIIPABJIEHH S CUJIOBBIX CTPYKTYP
JILX. Caguynnuna, O.B. Kpacunvruxos, A.A. Anexceesa

AnHoTaumusi. B cratbe  paccMaTpUBarOTCS ~ BONPOCHI  pa3pabOTKH
CHEeNNaTN3NPOBAHHOTO TPOTPAMMHOIO M MAaTeMaTHYECKOro OOeCTIeyeHHs
JUT aBTOMaTH3UPOBAHHOW CHCTEMBI YIIPABJICHNUS B CHJIOBBIX CTPYKTYpax.
[IpuBeneH kpaTKuii aHAJIN3 OTEYECTBEHHOTO IIPOTPAaMMHOI0 0OecTIedeHus B
CHJIOBBIX BEIIOMCTBaxX M CTPYKTYpaxX, KOTOPBIA MOKAa3bIBAET, UTO Hambomee
OIITUMAJTBHBIM TS CO3JJaHMS aBTOMATH3UPOBAHHOW CUCTEMBI YIIPABJICHUS B
CHJIOBBIX CTPYKTypaxX C BBICOKHM yPOBHEM 0€30MACHOCTH M MEXaHW3MaMHU
pasrpaHUYeHusi MOCTyma OyIeT sIBISETCS MporpaMMHOE oOecredeHue Ha
ocHoBe sapa Linux. Jns  pa3paboTkm  KayecTBEHHO  HOBOTO
CHEeNHaTN3UPOBAHHOTO MAaTEMAaTHYECKOT'0 W MPOTPAaMMHOT0O OOecreueHus,
TTO3BOJISTIOMIETO IMMOBBICUTH PE3YJILTaThl Pa0OTHI TOIHKHOCTHBIX JIUI] OPraHOB
YOpaBIeHUs  CHJIOBBIX  CTPYKTYp W OOECHEUUTh  COXPAaHHOCTH
OUPKYJIUPYIOMIEH B  aBTOMATH3MPOBAHHBIX CHCTeMaxX WH(OpMAIHH
MpeUIOKEeHa CTPYKTypa IIPOrpaMMHOr0 00ECTIedeH s ¥ TOJIOBHOTO MOJTYJIIS
aBTOMAaTH3UPOBaHHOM cucteMbl. [IpeacraBieHHOE pelieHHE TO3BOJISIET

FEATURES OF DEVELOPMENT OF SPECIAL MATHEMATICAL AND
SOFTWARE FOR CONTROLS OF POWER STRUCTURES
L.H. Safiullina, O.V. Krasilnikov, A.A. Alekseeva

Annotation. The article discusses the development of specialized
software and mathematical support for an automated control system in
law enforcement agencies. A brief analysis of domestic software in law
enforcement agencies and structures is provided, which shows that the
most optimal for creating an automated control system in law
enforcement agencies with a high level of security and access control
mechanisms will be software based on the Linux kernel. To develop
qualitatively new specialized mathematical and software that will
improve the performance of officials of law enforcement agencies and
ensure the safety of information circulating in automated systems, the
structure of the software and the head module of the automated system
is proposed. The presented solution allows you to rebuild the
composition of the automated control system of law enforcement
agencies as a whole and each automated workstation separately.




MepecTpanBaTh COCTAB aBTOMATU3UPOBAHHOW CHCTEMbl  yIPaBJICHHS
CHJIOBBIX CTPYKTYP B IEJIOM M Ka)KIOI0 aBTOMAaTH3MPOBAHHOTrO padodero
MecTa B OT/ICIIbHOCTH.

KuroueBsble cjioBa: nHpopMaloHHas 0e30IacHOCTh; pa3padborka [10; 6aza
JaHHBIX; CUIIOBBIC CTPYKTYphI; Astra Linux.

Key words: information security; software development; database;
strong structure; Astra Linux.

I'EHEPALIMSI TIOBEPXHOCTHOI'O ITJTASMOHA HA OIITOBOJIOKHE C
I'PA®EHOBBIM ITOKPBITUEM J1J151 CEHCOPHBIX I[TPUJIOXKEHUIA
U.JI. Bunoepaodosa, A.P. I'uzamynun, UK. Mewxos, E.FO. ['onosuna

AHHoTanusd. JlaHHas cTaThs MOCBAIIEHA BOIPOCAM T€HEpAIlMi TTOBEPXHOCTHOTO
MJIa3MOHA Ha TpaHUIlEe pasjena «rpadeHoBOe MOKPHITHE — KBAPIIEBOE CTEKIIO», a
Tak)K€ Ha TIOBEPXHOCTH KpYIJIOH MpoBoAslled dacTuipl. Takue MI1a3MOHBI
MIPEACTABIIAIOT MHTEPEC U CO3MaHHUS CEHCOPHBIX YCTPOWCTB B METUIIMHE H
Ouomornu BBUAY HEUTpaNbHOCTH TpadeHOBBIX MOKPBHITHH. OOCyXaatoTcs
BONPOCHI MOBBIMICHUS YyBCTBUTEIBHOCTH IUIA3MOHHOTO CEHCOpA, CBA3AHHBIC C
BO3MOJKHOCTBIO €ro ycuieHud. IIoka3aHo Takke, 4YTO HAJIWYME 4YacTHIl C
[IPOBOAMMOCTBI0 B MCCIIEyEMOM BEIIECTBE OKAa3bIBAaeT BIMSIHME Ha OOLIMH
Ko3(hpuIMEeHT mpenoMIIEHUs] BEIIeCTBA M H3MEHSET €ro Jaxe Ipu caMou
HE3HAYUTENbHOW KOHLIEHTPALIUH AOMOJHUTENbHBIX BELIECTB (aHAIUTOB).
KiroueBble c¢JI0Ba: IOBEPXHOCTHBIA IUIa3MOH, TIpad)€HOBOE IOKPHITHUE,
OITOBOJIOKOHHBIH CEHCOp, YCUIICHHE TIa3MOHA, HCCIIEJOBAaHUE aHAJIUTOB.

SURFACE PLASMON GENERATION ON GRAPHENE-COATED
OPTICAL FIBER FOR SENSOR APPLICATIONS
I.L. Vinogradova, A.R. Gizatulin, 1.K. Meshkov, E.Yu. Golovina

Abstract. This article is devoted to the generation of surface plasmon at the
interface “graphene coating — quartz glass”, as well as on the surface of a round
conducting particle. Such plasmons are of interest for creating sensor devices
in medicine and biology due to the neutrality of graphene coatings. Issues of
increasing the sensitivity of a plasmonic sensor related to the possibility of its
amplification are discussed. It has also been shown that the presence of
conductive particles in the substance under study affects the overall refractive
index of the substance and changes it even at the most insignificant
concentration of additional substances (analytes).

Keywords: surface plasmon, graphene coating, fiber optic sensor,
plasmon amplification, analyte study




I'OJIOI' PAOGMYECKHWE METO/IbI [TAPAJIJIEJIbHOM TTEPEJIAUM
NHOOPMAILIMUA
AJIL Tumodghees, A.X. Cynmanos, U K. Mewxkos, A.P. ['uzamynun

AHHoTanus. B cratee paccmaTpuBaloTCsi BO3MOXKHOCTH OpraHH3allH
KaHaJIOB CBSI3M C TapamiensHold Tmepenadedl  uHpopmanuu. [lpu
rosorpaduyeckoii  0OpaboTKe MNPOMCXOAUT Mpeodpa3oBaHWE CHTHAA,
Jaroree BO3MOXKHOCTh NapajuieNbHOM Tiepejaun — pa3BepTKa HHPOpMaIHu
BO BpPEMEHH, UCTOIb3yeMas MpH MOCIeI0BaTEIbHOM epeiaye, 3aMeHsIeTCs
pa3BepTKONM B MPOCTPAHCTBE MO IUIOMIAAW TOJOTpaMMbl, @ BO BpPEMEHU
HCIIOJIB3YIOTCA ABEC JIOKAJIBHBIC TOYKU — MOMCHT q)OpMI/IpOBaHI/ISI 00BeKTa U
MOMEHT (OpMHPOBaHUS roJorpaMMbl. OTHUM U3 BAPHAHTOB MTapaiebHON
nepenavyn HHQOpPMAIINK SIBIISIETCS ONTHYECKast roiorpadus, B KOTOPOH JUis
YBCINYCHUA JAaJIbHOCTH CBA3U MOXKHO MCIIOJIE30BATh B KAYECTBC 3JICMCHTOB
MaTpulbl IEpECAATUMKA Y3KOHAIIPaBJICHHBIC JIa3€pbl JIA IMOBBINICHHUA
WHTECHCUBHOCTH HHTEPGEPEHIIMOHHON KapTUHBL BTopoii BapuaHT —
mepeHoc rojorpaguu B paaMOIMania3zoH, TPETHH —  TepeBoja
WH(OPMAITMOHHOTO B3aUMOJCHCTBUSA U3 00JIACTH POCTPAHCTBA-BPEMEHH B
obmacTts Bpemsi-uactota. [IpemiokeHHbIe METOIbI TO3BOJISIOT CYIIECTBEHHO
MOBBICUTh CKOPOCTh TI€penaddl JaHHBIX. [eOpeTHYecKHM TIPEeleroM
MIPOMTYCKHOM CHOCOOHOCTH TaKWX KAaHAJIOB CBS3M SABISIETCI CKOPOCTH
repenayn  rojiorpaMMbl  — oObeMa WHGOPMAIMK, COACpXKAIICHCS B
TPEXMEPHOM H300paKEHUHU CIOKHOTO O0BEKTa, B T€UEHHE JUINTEIBHOCTH
OJTHOTO TIEPHO/Ia BOJIHBI 3JIEKTPOMATHUTHOTO H3ITydEHHSI.

Kaw4deBble  ciaoBa: ronorpadguyeckas — mepemada — umHpopMaImu,
mapasuieNnpHas mepenada, CleKTpalibHas ToJIo

HOLOGRAPHIC METHODS OF PARALLEL INFORMATION
TRANSMISSION
A. L. Timofeev, A. Kh. Sultanov, I. K. Meshkov, A. R. Gizatulin

Abstract. The possibilities of organizing communication channels with
parallel transmission of information are considered. During holographic
transmission, a transformation of the space-time matrix occurs, which makes it
possible for parallel transmission - the sweep of information in time, used in
serial transmission, is replaced by a sweep in space over the area of the
hologram, and two local points are used in time - the moment of formation of
the object and the moment of formation of the hologram. One option is optical
holography, in which, to increase the communication range, narrowly directed
lasers can be used as elements of the transmitter matrix to increase the intensity
of the interference pattern. The second option is the transfer of holography to
the radio range, the third is the transfer of information interaction from the
space-time region to the time-frequency region. The proposed methods can
significantly increase the data transfer rate. The theoretical limit on the capacity
of such communication channels is the transmission speed of a hologram - the
amount of information contained in a three-dimensional image of a complex
object, during one period of an electromagnetic radiation wave.

Keywords: holographic information transmission, parallel
transmission, spectral holography.




OIITUYECKOE PAINO
AJIL Tumogpees, A.X. Cynmanos, UK. Mewrxos, A.P. ['uzamynun

AHHOTamus: Tmepenada WHPOPMAUM C TOMOUIBIO 3JIEKTPOMArHUTHOTO
HU3JIYUYCHHA TPOUCXOOUT ABYMA OCHOBHBIMU CHOCO6aMI/I — OINTHUYECCKUM (B
BUAMMON YacTH CIEKTpa) U paauo (B JIIMHHOBOJIHOBOW YacTH CHEKTpa). DTH
Croco0bl MPUHIUIHAIBHO OTJIMYAIOTCA JIpyr OT japyra. Ha omrmueckom
croco0e OCHOBAHO 3pEHHE JKHMBBIX CYIIECTB U BCS TEXHUKa (DPUKCHPOBAHMS
n300paxxeHuit, HaunHas ¢ ¢pororpadun. Xors 00bIYHO 3peHue u dpororpaduro
HE OTHOCAT K Tpoleccy Tmepenaud WHPopManuu, (QaKTHIECKH 3TO
napajuieNibHas nepenada uHGopMaluu u3 001acTi IpOCTPAHCTBA, B KOTOPOH
pacnojokeH HaOmonaeMblii 0OBEKT, B 001aCTh BOCHPHSTUS — HA CETYATKY
rmaza win Qoromarpuny kamepel. Pagmo cmocod — mociegoBarenbHas
nepemaya MHGOPMAIIMM MEXKIy IByMs Toukamu. Ecim B omHOH obiactu
MpPOCTPaHCTBA HEOOXOMUMO OpraHU30BaTh HECKOIBKO KaHAallOB CBS3W,
BO3HHKaeT mpobieMa ux uHTepdepeHnn B nmpueMHoN anTeHHe. OCHOBHBIM
CIIOCOOOM pelIeHUsI 3TOH IpoOJeMBbl SBISETCS YacTOTHOE pasfelleHue,
BO3MOXKHOCTH KOTOPOTO BCErJa OIpPaHUYEHbl ILIMPUHOH BBIACIEHHOIO
nyana3oHa 4acTot. [lJis nanpHeiIero yBean4eH sl Yuciia KaHaJIoB B YCIIOBUAX
nedunuTa 4YacTOTHOIO pecypca HCIONb3yeTCcs  BpeMeHHoe, (a3oBoe u
KOJOBOE pa3leliecHue KaHajoB. Tperuil cmocod — ONTHYECKOE paauo.
OnTHyeckoe paano — 3TO UCHOIb30BAHNE 3aKOHOB I€OMETPUYECKOM ONTUKH B
panuoauanasone. [Ipu nepexone k Apyroil JUIMHE BOJIHBI U3MEHSIOTCS TOJIBKO
pa3Mephl JTMH3BI U pa3Mephl IpHeMHUKA (IpreMHON MaTpuibl). OCHOBHBIM
3JIEMEHTOM ONTHYECKOTO Paguo SIBIAETCA PaaUONIMH3a, IPH 3TOM B OTJIHYHE
OT amepTypHOM AaHTEHHbl TPATUIMOHHOTO Paguo OHa HCIONB3YyeTCs A
dbopMupoBaHuS ~ PaAMOW300paKeHHsS,  MPOCHHPYeMOro Ha  MacCHUB
3JIEMEHTAPHBIX aHTEHH. OTO JaeT BO3MOXKHOCTh OpPraHM30BaTb B OZHOM
MPOCTPAHCTBEHHOM KaHaje OONbIIOe YUCIO PaJMOKaHAIOB, pa0OTalOMNX Ha
OIHOU HecylIeH ¢ He3aBUCUMBIM BHIOOPOM CIIOCOOOB MOAYISLUU U MIUPUHBI
UCIIoNb3yeMoro crekrpa. OrpaHMYeHHEeM ONTHYECKOrO pajguo SBISIETCS
He00XOIMMOCTb NPSIMON BUIUMOCTH.
KawoueBble cjoBa:  paauoiivH3a,
ONITHYECKOE Pasuo

paavocBeT,  paauou300pa’keHHe,

OPTICAL RADIO
A. L. Timofeev, A. Kh. Sultanov, I. K. Meshkov, A. R. Gizatulin

Abstract. Transmission of information using electromagnetic radiation
occurs in two main ways - optical (in the visible part of the spectrum) and
radio (in the long-wave part of the spectrum). These methods are
fundamentally different from each other. The vision of living beings and all
image recording techniques, starting with photography, are based on the
optical method. Although vision and photography are not usually referred to
as the process of transmitting information, in fact it is a parallel transfer of
information from the region of space in which the observed object is located
to the region of perception - to the retina of the eye or the photo matrix of the
camera. Radio method is the serial transmission of information between two
points. If it is necessary to organize several communication channels in one
area of space, the problem of their interference in the receiving antenna arises.
The main way to solve this problem is frequency division, the capabilities of
which are always limited by the width of the allocated frequency range. To
further increase the number of channels in conditions of scarce frequency
resources, time, phase and code division of channels is used. The third
method is optical radio. Optical radio is the use of the laws of geometric
optics in the radio range. When moving to another wavelength, only the
dimensions of the lens and the dimensions of the receiver (receiving matrix)
change. The main element of optical radio is the radio lens, and unlike the
aperture antenna of a traditional radio, it is used to form a radio image
projected onto an array of elementary antennas. This makes it possible to
organize in one spatial channel a large number of radio channels operating on
the same carrier with an independent choice of modulation methods and the
width of the spectrum used. A limitation of optical radio is the need for line
of sight.

Keywords: radio lens, radio light, radio image, optical radio.




CIIOCOB CO3JAHMA JOIIOJIHUTEJIBHOI'O KAHAJIA CBA3H,
OCHOBAHHOI'O HA BPEMEHHBIX ASBYKAX MOP3E
P.P. Huemamyniun

Annoramuss. B »oT1oif pabGore paccMaTpuBalOTCS HOBBIE  METOIBI
KOZIMPOBaHHA, 0a3MpyIOIIUEcs] HA MHOXKECTBAX, OCHOBaHHBIX Ha a30ykKax
Mop3ze. Ot MHOXecTBa BpeMeHHbIX a30yk Mopsze (BAM) moryt ObITh
YCIIENIHO MPUMEHEHHI (IT0 MHEHHUIO aBTopa cTarthu) B nuana3zone KB u YKB.
bonee Toro, sta nBOoWuHAs cucreMa (OCHOBaHHAs HA TOYKAX WU THUPE)
pacimpsieT BOBMOXKHOCTH CYIIECTBYIOIIEH ABOMYHON cuctembl. K aToit
CHCTEME MOXHO MPHCOCAWHUTH OECKOHEUHBIE  TICEBAOCIyYailHbIe
MOCJIEeI0BATENBHOCTH, TIONyYeHHbIE U3 MPOCTHIX dncen. Takum oOpasom,
TPpU MHOXECTBa: (@) HEHCUMCIMMOE MHOXKECTBO MpPOCTHIX uucen; (0)
OeCKOHEYHbIE MHOXKECTBA TICEBJOCITYYaHHBIX 4YHCEll, IOTYYEeHHBIX U3
MPOCTBIX YHCEI W3BJIEUEHUEM ITPOU3BOIBHBIX KOPHEH (Takke 00pa3yrommx
MHO)XECTBO HAaTypaJIbHBIX UrceN); U (B) MpucoeAMHEHHBIC K HUM BAM marot
B UTOT€ JOCTAaTOYHO HAASKHYIO CHCTEMY, 3alWIIEHHYI0 OT B3JIOMa
MIPUMEHEHHOTO KOia, NPHOMIKAIONIYIOCS K '"HacalbHOMY' pEIICHHIO.
3amMeTuM TakXKe, 4T MpeiaraeMasi CHCTeMa UMEeT yIOOHbIE IS TTepeadu
KOPOTKHE KPHITO-KIIOYH W MOXET OBITh YaCTHYHO WCIIOIb30BaHA B
CYIIECTBYIOIINX CHCTEMaxX KpHUNTOrpaduu s 3al|Thl, B YaCTHOCTH,
BBIIENICHHBIX HHPOPMAITMOHHBIX OJIOKOB.

KuroueBbie ciioBa: BpeMeHHbIE a30yku Mop3e; MHOXXECTBA TIPOCTHIX YHCEIT;
MHOXXECTBa HPPANMOHAIBGHBIX M TPAHCIEHJECHTHBIX YHCEN; KOMITAKTHEIE
KPHUTITO-KJTFOYH; MHOXKECTBA JIOTIOIHUTENBHBIX KaHAIOB CBSI3H.

METHOD FOR CREATING AN ADDITIONAL COMMUNICATION
CHANNEL, BASED ON TEMPORARY MORSE CODES
R.R. Nigmatullin

Abstract. This paper discusses new coding methods based on sets of
Morse code. These sets of temporal Morse codes (TMC) can be
successfully applied, according to the author of the paper in the SW and
USW bands. Moreover, this binary system (based on dots and dashes)
extends the capabilities of the existing binary system. Infinite
pseudorandom sequences derived from prime numbers can be attached
to this system. Thus, three sets: (a) an uncountable set of prime numbers,
(b) infinite sets of pseudorandom numbers obtained from prime numbers
by extraction of product roots (also forming a set of natural numbers),
and (c¢) TMCs attached to them, give in the end a sufficiently reliable
system, protected against code breaking, approaching the "ideal"
solution. Note also that the proposed system has short crypto-keys
convenient for transmission and can be partially used in existing
cryptographic systems for protection, in particular, of selected
information blocks.

Keywords: Temporal Morse code; Sets of prime numbers; Sets of
irrational and transcendental numbers; Compact crypto-keys; Sets of
complementary communication channels.




