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MATEMATHUKA U MEXAHUKA

YK 004.932.2

U. O. Apxunos, xaununaat Ttexuudeckux Hayk, noueHt, Vk['TY umenu M. T. KamamnukoBa
(I. O. Arkhipov, PhD in Engineering, Kalashnikov ISTU)

M. O. Enanyes, actiupant, VbxI'TY umenn M. T. Kanamnukosa (M. O. Elantsev, Post-graduate,
Kalashnikov ISTU)

MeTOL[I/IKa OonmpeacjJceHusi KOOpAUHAT JIETATCJIbHOT0 amnmnmapara 1o 3pUTEJIbHBIM 06pa3aM
(Method for Determining Aerial Vehicle Coordinates by Visual Analysis)

B cmamve npec)ﬂoofceHa Memoouxka onpeaeﬂenuﬂ KoopOuHam JemameilbHoco annapama, OCHO-
BAHHAS HA CONOCMAGAEHUU NOCIE008AMENIbHbIX Kadpoe, NOJIYYEHHbIX C Kamepvl HA 60pmy aema-
meJjlbHo20 cpe@cmea, ecilu useecniHa HavaibHAas KoopOuHama U CbeMKa 6e0emcst co CKOpoCnivio He
MeHee 25 kadpos 6 cekyHOY. [lanHas memoouxa sA61semcs pe3epeHbiM CpeoCmeomM HA8U2ayUU Npu
nomepe cuenana GPS wumu I'TTOHACC. B cmambe paccmompeH 860npoc onpeoeienus napamempos
ap@unnoco npeobpazosanusi KAOPO8, OCHOBAHHBIU HA OMCAEHCUBAHUU KIIOHUEBbLIX 0OBLEKMO8 HA Ce-
puu cHUMKO8. B kauecmee pezyromama OemoHcmpupyemcs peutenue 3a0aiu CKIeuKku Kaopos Ka-
mepol 800.1b mpaexknmopuu nojema jaenamejlbHoco cpedcmaa.

The article proposes a method for determining aerial vehicle coordinates based on matching of
consecutive frames taken from the camera on aerial vehicle when initial coordinates are known and
the camera is working with the speed of at least 25 frames per second. This method is a part of a
reserve navigation system for the situation when GPS or GLONASS signals are lost. The algorithm
for determining the affine transform parameters of frames based on key objects tracking is given in
the article. The result demonstrates solution for stitching of frames along the path of the aerial ve-
hicle.

KuroueBrble ciioBa: HaBuranus, jJetarenbHbiid anmnapat, BIIJIA, mammnaHOe 3peHue.

Keywords: navigation, aerial vehicle, UAV, computer vision.

C.4-7

YK 517.547(045)

H. B. /[302uii, cTapiuuil IpenojaBaTellb, bpsHCKUI rocy1apCTBEHHBIN YHUBEPCUTET UMEHHU aKa-
nemuka U. T'. Tlerposckoro (l. V. Dzogij, Senior Teacher, Bryansk State University n.a. Academi-
cian I. G. Petrovski)

OueHKH MOIYJisl aHAJUTHYECKOi B mosaymiockocrn pynknum (Estimation of Module for
the Function Which Is Analytic at Half-Plane)

Paccmompenvl oyenxu mooyns anarumuueckol 8 npagoli noiynioCKOCmu (QYHKyuu npu ycio-
6UU, HMO eCmb HeKomopdasl OyeHKa y6b16aHu}Z MOdy]Z}Z qbyHKuuu HA MHUMOU OCU WU YACMU MHUMOU
ocu. Ilonyueno pacuwupenue kiacca QyHkyuil, 01 KOMOPbIX CNPABEOIUBO YMBEPHCOEHUE MeOpeMbl
0. U. Macnaxoea oo knacca U. U. Ilpusanosa.

The paper considers the estimation of module for the function which is analytic at the right half-
plane provided that there is some estimation for the decrease in the function module at an imagi-
nary axis or at its part. The extension of the function class to the class of Privalov I. I. has been ob-
tained, the statement of the theorem by Maslyakov Y. I. being valid for this extension.

KiroueBblie cj1oBa: MOAYyIb aHATUTHYCCKON (YHKIIUU, TTpaBasi MOJIYIUIOCKOCTh, BEPXHSS MOTY-
IUIOCKOCTh, €AMHUYHBIN KpyT, Kinacc pynkuuit U. U. [Ipusanosa.

Keywords: module of the analytic function, right half-plane, upper half-plane, unit circle, func-
tion class by Privalov I. I.
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VJIK 531.55

C. A. Kopones, xaununat ¢puszuko-matematudeckux Hayk, VOk['TY umenn M. T. Kamamnaukosa
(S. A. Korolev, PhD (Physics and Mathematics), Kalashnikov ISTU)

U. I'. Pycsax, noktop TexHuueckux Hayk, mpodeccop, VDkI'TY umenn M. T. Kamamnukora
(I. G. Rusyak, DSc in Engineering, Professor, Kalashnikov ISTU)

B. I'. Cygusnos, xaununat pusuko-mareMarnueckux Hayk, ok TY umenu M. T. Kanamaukosa
(V. G. Sufiyanov, PhD (Physics and Mathematics), Kalashnikov ISTU)

MeToanka pacyera TPaeKTOPUU IBUKEHHUSI CHAPAIOB U PaKeT NPH CTpesib0e ¢ MOABUKHO-
ro nocutesist (Method for Calculating the Trajectory of Projectiles and Rockets Shooting from
Moving Carrier)

Cmamus nocesueHa UCC1e008anuIo gbakmopoe, GIIUAIOWUX HA MOYHOCMb Cmpeflb6bl ¢ nOO8uUIIC-
HO20 HOocumesA (6epm0ﬂema): GlUsAHUEe napamempos O0BUIICEHUST NOOBUIICHO20 HOCUMENs HA HaA-
UajlbHble YCl0o6UA Cmpejlb6bl, 6lUAHUE 6030)/%[1—!020 nomoka, €030a64emo20 Hecywyum 6UuHnmom eep-
moJjiema, Ha Ha4ajlbHOM Y4acnike mpaeKkmopuu. HpedcmaeﬂeHa MemoouKa pewerHusl mpaexkmop-
HOU 3a0ayu ¢ y4emom npueedennvlx axmopos. Ilpusedenvl pe3yivmamol Uccied08anUsl GIUAHUS
paccmampusaemvlx pakmopos Ha mpaeKmopuio 08UNCEHUSL CHAPAO08 U PAKEM.

The article is devoted to the research of factors affecting the accuracy of shooting from the mov-
ing carrier (helicopter): the influence of motion parameters of a movable carrier for the initial con-
ditions of shooting, the effect of air flow created by the main rotor of the helicopter, in the initial
part of the trajectory. The method for solving the trajectory problem of accounting the above-
mentioned factors is presented. The results of influence of the considered factors on the trajectory
of projectiles and rockets are given.

KiroueBble ciioBa: BHEIIHSS OaJUITMCTUKA, TPACKTOPHS, a’pOJUHAMUYECKHE KOA((UIIMESHTHI,
HO,Z[BI/I)KHHﬁ HOCHUTCJIb, HAYAJIbHBIC YCJIIOBUA CTpeJ'IB6bI, HeCYH_[I/Iﬁ BUHT BEPTOJICTA, NUHAYKTHUBHAA
CKOpOCTb.

Keywords: External ballistics, trajectory, aerodynamic coefficients, moving carrier, initial con-
ditions of shooting, helicopter rotor, induced velocity.

C.13-18

VJIK 681.785; 615.47

A. C. Ilepmunos, crapumii npenoaasarens, Vbk['TY umenn M. T. Kanamnukosa (A. S. Permi-
nov, Senior lecturer, Kalashnikov ISTU)

C. U. Opan, noktop TexHHYecKHX Hayk, mpocdeccop, VDKI'TY umenn M. T. Kanamnukosa
(S. I. Yuran, DSc in Engineering, Professor, Kalashnikov ISTU)

IIpuveneHne MeTOga MOHTE-KAPJIO VIS MOJCIHPOBAHUS PAaCCesIHUA CBeTa B 0MOJIOrMYecKom
tkanu (The Application of Monte Carlo Method for Simulation of Light Scattering in Biologi-
cal Tissue)

Hpedcmaeﬂeﬁbl pesyibmanibl mamemamuiecKkozco M00€Jlup06aHu}1 pacnpocmpanerusl 1a3epHoco
U3JIy4YeHusl 6 buono2u4eckol mKanu ¢ yuwemom MHO20CTIOUHOCIU OAHHOU Cpeabl U KOHEYHO20 pas3-
Mepa naoarujeco nyuka ¢ nomowpro memooa Moume-Kapno. Ilonyuennvie pezyivmamol mo2ym
Hatmu npumeHenue npu KOHCMPYUpOSaHuUu NIAHAPHLIX ONMOINEKMPOHHBIX 0amyuKos 0Jis pomo-
nfzemusmoepaqbuu, npe()Ha3HaquHbzx 07151 UCNONb306AHUA HA PA3IUYRbLX YHaACmMKAX obuono2u4eckoul
MKAHU.

The paper presents the results of mathematical modeling of propagation of laser radiation in the
biological tissue with account of multiple layers of this environment and of the finite size of the in-
cident beam using the method of Monte Carlo. The obtained results can find application in the de-
sign of the planar optoelectronic sensors for photoplethysmography intended for use on different
parts of the biological tissue.

KiaroueBble cjioBa: HCOJHOPOAHAA ONTHUYCCKasA Cpcla, OHTOBHGKTpOHHLIfI JaT4YuK, q)OTOHHe-
TU3MoTrpadus.

Keywords: inhomogeneous optical medium, optoelectronic sensor, photoplethysmography.
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VIIK 621.391

B. A. Ilonomapes, TOKTOp TEXHHUYECKUX HayK, mpodeccop, VxI'TY nmenn M. T. KamamnukoBa
(V. A. Ponomarev, DSc in Engineering, Professor, Kalashnikov ISTU)

O. B. llonomapesa, kanguaat TeXHU4eCKuX Hayk, noueHt, VokI'TY umenn M. T. Kanamnukosa
(O. V. Ponomareva, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

H. B. Ilonomapesa, actupant, VxI'TY umenu M. T. Kanamuukosa (N. V. Ponomareva, Post-
graduate, Kalashnikov ISTU)

HNuBepcusi TUCKPETHOr0 BpeMeHH U NMapaMeTpH4ecKoe TMCKpPeTHoe npeodpazoBanue Dy-
pbe (Discrete Time Inversion and Parametric Discrete Fourier Inversion)

Paccmompeno npumenenue ynoamenmanvnoco noHsamus UH8EPCUU OUCKPEMHO20 8PeMEHU 8
6EKMOPHOM aHAJIU3E CUCHAO086, 3A0AHHbIX HA KOHEYHbIX unmepeaiax. Hccneoosana ezaumocenso
napamempuyecko2o OUCKpemuoz2o npeobpaszosarue Dypve OelucmeumenbHol Nocied08amenbHo-
CMu ¢ napamempuyeckum OUCKpemuvim npeobpazosanuem Pypbe cOOmMEEMCmMEYOWUX el nocie-
dogamenvHOCmell ¢ YUKTUYECKOU UHBepCUell OUCKPEMH020 8PeMeHU U C TUHEUHOU uUHeepcuell Ouc-
KpPENHO20 6pPEMEHU. HOJZylleHHble pe3yiomanibl mMocym ObIMb UCNOJIL306AHbL npu paccmomperuu
KaK meopemuyeckux, max u npakmuieckux 60npocos yupposoii 0opabomku cueHaios, Hanpumep
npu ycmpaHeHuu HeauHetHocmu Gazouacmomusblx XapaKmepucmux Quibmpos ¢ UMNYIbCHOU Xa-
PaAKmepucmuKol OecKoHeuHoU ONUHDL.

The paper describes the application of the fundamental concepts of discrete time inversion in
vector analysis of signals defined on finite intervals. The interrelation of parametric discrete Fouri-
er transform of a real sequence and the parametric discrete Fourier transform of the corresponding
sequence with a cyclic inversion of discrete time and sequence with linear inversion of discrete time
is investigated. The results can be used in consideration of both theoretical and practical problems
of digital signal processing, e.g. eliminating non-linearity of the phase-frequency characteristics of
the filter with the impulse characteristic having infinite length.

KuroueBble ciioBa: I[PICKpCTHBIfI CHUIrHalni, KOHEYHBIN HWHTCPBAJI, THBECPCHUU AUCKPETHOI'O BPpEMC-
HH, TapaMCTPUUCCKHUE JUCKPCTHBIC SKCIIOHCHIMAJIbHBIC q)yHKHI/II/I, mapaMEeTpUICCKOEC JUCKPETHOC
npeobpazoBanue Oypbe, MEPUOINU3ALINS CUTHATIOB.

Keywords: discrete signal, finite interval, discrete time inversion, parametric discrete exponen-
tial functions, parametric discrete Fourier transform, periodization of signals.

C.25-31

YK 621.372.542

H. B. Ilonomapesa, acnupant, kI['TY umenn M. T. Kanamnukosa (N. V. Ponomareva, Post-
graduate, Kalashnikov ISTU)

IIpeno0padoTKa AMCKPETHBIX CUTHAJIOB NP CIHEKTPAJbHOM aHAJIU3E B CHCTeMe KOMIIbI0-
tepHoii matematuku — MATLAB (Pre-processing Discrete Signals in Carrying out Spectral
Analysis in Matlab)

Paccmompenvl onepayuu npedobpabomxu OUCKDEMHbIX CUSHANIO8 6 cucmeme KOMNbIOMEpPHOU
mamemamuxu — MATLAB ona peanuzayuu ancopumma dvicmpoeo npeoobpazosanus @ypve. Buiasne-
Hbl OOCMOUHCMEBA U HeOOCMAMKU IMUX npoueayp. ,ZZCZH UxX anaiuz ¢ Mmo4YKUu 3PEeHUsl 6bIHUCTIUMEIbHbLY
sampam, 3ampam onepamueHoﬁ namamu upa3pemai0u;eﬁ cnocobnocmu CNeKmpajibHO20 aHalusa.

Operations of pre-processing digital signals in MATLAB to implement the fast Fourier transform
algorithm are considered. Advantages and disadvantages of these procedures are revealed. Their
analysis in terms of computational cost, memory cost and resolution spectral analysis is performed.

KuiroueBble cj10Ba: TUCKPETHBIH BPEMEHHOUN CHTHAJ, JTUCKPETHO-BPEMEHHOE MpeoOpa3oBaHME
®ypbe, HEeNPEPbIBHBIN YaCTOTHBINA CHEKTP, KOdQpuuneHTs! Dypbe, JOMOoIHEHNE HYJISIMHU, TUCKPET-
Hoe mpeoOpazoBanue Dypbe, ObICTpoe MpeodpazoBanue Dypre.

Keywords: discrete time signal, discrete-time Fourier transform, continuous frequency spec-
trum, Fourier coefficients, zero padding, discrete Fourier transform, fast Fourier transform.
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VK 621.01/03

K. B. Cuispanyesa, kanauaaT TEXHUYECKUX HAyK, OLUEHT, TIOMEHCKUH MHIYCTPUATIbHBIA YHU-
Bepcuter (K. V. Syzrantseva, PhD in Engineering, Associate Professor, Industrial University of
Tyumen)

Pacuer >KBHBAJIEHTHLIX IO nmoBpeExRIaAIOIIEMY BO3I[6ﬁCTBI/I]O Hanpﬂme}mﬁ Ha OCHOBC KH-
HEeTHYEeCKoil Teopun MHOrouukJjaoBoi ycrajaocru (Calculation of Equivalent Stress in Accor-
dance with Damaging Effect on the Basis of the Kinetic Theory of High-Cycle Fatigue)

Ha ocnose mamemamuueckux mooenei KuHemu4eckoul meopuu MHOZOI/;L{KJZOGOIZ ycmanocmu pe-
uleHa 3a0a4a pacuyema K8UBANEHMHBIX NO NOSPedICOAUieMy 8030eticmauro Hanpsaxcenutl. Paspa-
bomanHas memoouxa oopabomku OAHHBLIX UCNLIMAHUL 00PA3Y08 HA 00J208€4YHOCHbL NO3605em
onpeoenums UCXOOHYIO NOBPENHCOCHHOCMb MAMePUald, pacciumams OJisl 6cex cmynenel 010Ka us-
MEHEHUA Hal’lp}ZcheHuﬁ HAKONIEeHHoe ycmaloCmHoe noepeofcdenue u onpe()eﬂumb IKBUBATIEHMHOE
Hanpsicenue. Memoouxa npouniiocmpuposana Ha npumepe 00pabomKu OAHHbIX UCHLIMAHUL 00-
pasyoe uz cmaiu 50 na MHOCOYUKTIOBYIO YCmAJlOCMb.

The paper considers the problem solution of equivalent stress calculation in accordance with
damaging effect on the basis of mathematical models of the kinetic theory of high-cycle fatigue. The
developed method of data processing of samples durability tests allows for defining the initial dam-
age of material, calculating the accumulated fatigue damage for all steps of the stress varying block
and determining the equivalent stress. The proposed method is illustrated on the example of data
processing of tests of samples made of steel-50 according to the high-cycle fatigue.

KiaroueBble ciioBa: MHOTI'OLIUKIIOBAasA yCTAJIOCTh, SKBUBAJICHTHBIC HAIIPAKCHU A, YCTAIOCTHBIC I10-
BPEXKICHHUSA, pECYPC.

Keywords: high-cycle fatigue, equivalent stress, fatigue damage, service life.
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YK 517.977

I'. A. Bnacooamckuii, KaHAUAAT TEXHUUECKUX HayK, noueHt, kI TY umenu M. T. Kanamnuko-
Ba (G. A. Blagodatsky, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

B. A. Tenenes, noxrop ¢usnko-maremarndeckux Hayk, rnpogpeccop MxI'TY umenun M. T. Ka-
namraukoBa (V. A. Tenenev, DSc (Physics and Mathematics), Kalashnikov ISTU)

A. C. llaypa, xaununat texHudyeckux Hayk, fgoueHt, UxI'TY umenun M. T. Kanamnukosa»
(A. S. Shaura, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

. C. Ulaypa, OO0 «M1P3» (D. S. Shaura, Programming engineer, 1zhevsky Radiozavod Ltd.)

YuciaeHHas peajimzanus ajJiropurmMa ymnpabJICHUS 3allaCaMM IIPU AJUTEIbHBIX CPOKaXxX I10-
CTaBKM KOMIUIEKTYIOIIHUX B YCJIIOBUAX KY3KHX» MECT MPOU3BOJACTBCHHOIO IUKJIA (Numerical
Implementation of the Algorithm of Inventory Management for Long Term Supply of Com-
ponents at Presence of “Bottlenecks” of Production Cycle)

B pa60me npedcmaeﬂeua MOoOeb ynpaeaeHus anacamu u opearuzayuu payuoHaibHoc0 niaHa
pabom no 8viNycKy NPOOYKYUU npu NIAHUPOSAHUU npouszsoocmaad. [Ipednosicen nooxoo K peueHuro
NnocCmasienHol 3a0a4yu Ha 0CHO8e 21/l6p1/l0H020 CeHeMU4eCcKoco alecopumma ¢ peuernuem 3a0ayu au-
HelH020 NPOSPaAMMUPOBAHUSL NPU ONpedeieHUU Yele8ou (YHKYUU.

The paper presents a model of inventory management and managing production schedule in the
planning production task. The method of attack based on hybrid genetic algorithm with a linear
programming task solution at determining a target function is proposed.

KiroueBble cj10Ba: ONTUMAalIbHOE IUIAaHUPOBAHUC, ONTHUMU3AHNA 3arpPy3KU HpOH3BOI{CTBeHHOﬁ
JIMHHUH, 3a1a4a JIMHEHHOr o nmporpaMMupOBaHus, CUMILIICKC-METO/I, reHEeTUYECKUI AJITOPUTM.

Keywords: optimal planning, optimization of the production line, linear programming problem,
simplex method, genetic algorithm.
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MAIINMHOCTPOEHHUE

YK 539.62(045)+621.88(045)

H. B. Abpamos, noxTop TexHuueckux Hayk, npodeccop, xI'TY nmenn M. T. Kanamnukosa
(I. V. Abramov, DSc in Engineering, Professor, Kalashnikov ISTU)

IO. B. Typvieun, noxrop texHmueckux Hayk, npodeccop Vk['TY umenn M. T. Kanamaukosa
(Yu. V. Turygin, DSc in Engineering, Professor, Kalashnikov ISTU)

I1. B. Jlexomyes, crapmuii npenogasareib; k[ TY umenn M. T. Kanamuukosa (P. V. Lekomt-
sev, Senior Lecturer, Kalashnikov ISTU)

A. B. Pomanos, accucrent, xkI'TY umenn M. T. Kanamnukosa (4. V. Romanov, Assistant, Ka-
lashnikov ISTU)

KOZ)(l)(l)I/IIII/IeHTI)I TPE€HUHA B KOHUYECCKHUX COCAUHCHUAX C HATATIOM C AC€TAJIAMHU U3 TBEPALIX
xpynkux marepuasoB (Friction Coefficients in Tapered Interference Fits of Parts Made of
Hard Brittle Materials)

B cmamwve npeocmasnenvt pesynomamol cpasHerus Ko3guyuenmos mperus 0151 maxKozo
couvemarus mamepuanos, KaxK KOpyHOOGCUl Kepamuka u Keapuyeeoe cmekKio, onpe()eﬂﬂeMblx HA
MawuHe mpenusl u, KOC6EHHO, nymem UsmepenHusl Cujlbl 3anpecCo6Ku U 6blnpeCCoO6KU KOHU4YeCK 0~
20 COeOUHEHUsL.

The paper presents the comparison of results of determining the coefficient of friction for
such a combination of materials as alumina ceramics and quartz glass determined at the fric-
tion machine and, indirectly, by measuring the press-in and press-out forces of the tapered in-
terference fit.

KuroueBble ciioBa: KOS(i)(bI/II_II/IeHT TPEHUSA, KOHUICCKOC COCAMHCHUEC C HATAI'OM, HArpy304Hasa
CHOCO6HOCTI>, KOpyHAOBad KE€EpaMHKa, KBapUCeBOC CTCKIIO.

Keywords: coefficient of friction, tapered interference fit, load-carrying capacity, alumina ce-
ramics, quartz glass.

C. 45-47

YJIK 681.944

B. A. Anexcees, NOKTOp TeXHWYECKHX Hayk, mpocdeccop, VKI'TY umenn M. T. Kanamnukosa
(V. A. Alekseev, DSc in Engineering, Professor, Kalashnikov ISTU)

A. B. Yconvyesa, couckarens, VKI'TY umenn M. T. Kanamnukosa (4. V. Usoltseva, Applicant,
Kalashnikov ISTU)

B. I1. Yconvyes, kanauaat texanueckux Hayk, VoK' TY umenn M. T. Kanarmmukosa (V. P. Usoltsev,
PhD in Engineering, Kalashnikov ISTU)

HccienoBanue KkayecTBa NOBEPXHOCTH NPOMBINLJICHHBIX M31€JIMH U3 IPeBECUHBI IIPH I'pa-
BupoBanuu Jazepom (Investigation of Surface Quality of Industrial Products Made of Wood
at Laser Engraving)

IIposedenvl uccnedoanus no 3KCHEPUMEHMATILHOMY BblOOPY DeHCUMO8 pabomvl 1a3epHOCO
060py006aHu;z 015 NOBBIUEHUA Kayecmed noeepxnocmu nPOMbIULIEHHbIX uzoenui us dpeeecuubz
npu cpasupo8aruy 1a3epom.

Investigations are carried out for experimental choice of operation modes for laser equipment in
order to increase the surface quality of industrial products made of wood at laser engraving.

KiroueBble c10Ba: MoBEepXHOCTh, (akTypa, JpeBecHHa, IpaBUpOBaHME, JlazepHOe 000pya0Ba-
HHUC.

Keywords: surface, texture, engraving, laser equipment.
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VIIK 621.865:8

3. B. Anues, xauauaar texunueckux Hayk, VDKI'TY umenn M. T. Kanamuukosa (E. V. Aliev,
PhD in Engineering, Kalashnikov ISTU)

A. X. Anuesa, couckarens, VxI'TY umenn M. T. Kanamnukosa (4. H. Alieva, Applicant, Ka-
lashnikov ISTU)

JI. P. Anuesa, couckarens, VbkI'TY umenn M. T. Kanamuukosa (L. R. Alieva, Applicant, Ka-
lashnikov ISTU)

A. H. Jlombpaues, kanmgunat texaundeckux Hayk, VDK TY nmenu M. T. Kanamuukosa (4. N. Dom-
brachev, PhD in Engineering, Kalashnikov ISTU)

B. C. Knexoeéxumn, TOKTOp TeXHUYECKUX Hayk, mpodeccop, VkI'TY umenun M. T. KamamnukoBa
(V. S. Klekovkin, DSc in Engineering, Professor, Kalashnikov ISTU)

M. A. Pasoicusuna, couckarens, VKI'TY umenu M. T. Kanamuukosa (M. A. Razzhivina, Post-
graduate, Kalashnikov ISTU)

Mexanunka KoMmOMHHpoBaHHOro THna chepopodora (Mechanics of Combined-Type Spheri-
cal Robot)

Onucwiearomesi eapuarnmsl po60m06 cqbepu%cxoeo muna ¢ pasjiudHblMu KOHCMPYKYUAMU Mexa-
HUuyeckou yacmu, U Ha UxX ocHoee npedﬂazaemc;l HO64sl KOMNOHOBOYHAA cxema, c60boonas om p}lda
OZPGHquHMIZ, npucywux nepevuucjiieHHbim ycmpodcmsaM. Iloxazanwi cumyayuu, 6 Konopbvlx HOe0€
ycmpoucmeo 6yoem npeonoumumenbhee onucauuvix. Ilpedcmasnenvl u opyeue KOMNOHOBOUHbLE
cxXemovl, UcCnoib3syrouiue npe()ﬂaeaeMblﬁ npuryun KOM6uHup0661Hu}Z UX OCHOGBHbIX 06”91‘0)/1/(41/[)6 qac-
metl. Pobom npednosicennoii Koncmpykyuu cmodxcem pabomams 6 mpex He3a8UCUMBIX PedCUMAaX
061/1.?!C€Huﬂ, npuiyem Kak no OH’ZaeJZbHOCI’I’lu, makK u 6 couemaHuu.

The paper describes the versions of spherical-type robots with various designs of the mechanical
part and a new layout scheme is proposed on their basis which is free from many limitations inhe-
rent in the listed devices. Situations are shown in which the new device will be preferable than the
described ones. Other layout schemes are also presented which implement the proposed principle
of combining their main moving parts. The robot of the proposed design can operate in three inde-
pendent modes of motion, both separately and in combination.

KuoueBnble ciioBa: po60T, OMHUMOOMIBHOCTD, IPUBOJ, TUPOCKOTI, cepa.

Keywords: robot, omnimobility, drive, gyroscope, sphere.

C. 54-58

VK 620.193.21

B. II. I'paxos, nokTop SKOHOMUYECKUX Hayk, npodeccop, k[ TY umenn M. T. Kanamnukosa
(V. P. Grakhov, Doctor of Economics, Professor, Kalashnikov ISTU)

A. 1. 3axapos, OO0 «KomAP» (A. I. Zakharov, Kalashnikov ISTU)

3. C. Cauodosa, maructpant, ox['TY umenun M. T. Kanamnukosa (Z. S. Saidova, Student, Ka-
lashnikov ISTU

I/Iccnenmsalme BJIMAHUA KIIMMATHYECKHUX (l)aKTopOB HA CBOICTBA KOMIIO3UTHBIX MaTepuajioB
(Analysis of Environmental Conditions Impact on Composite Materials Characteristics)

B oanwnoti cmamove pacemampusaemcs KiumamudecKkoe cmapenue KOMNOo3UYyUOHHbLX noJaumMep-
Hoix mamepuanos. Ha npumepe cmexnonnacmuxosou apmamyper npouzeoocmea OO0 «KomAP»
UCC]ZedyIOWIC}Z U3MEHEHUA, npomeKaruiue 6 CmpyKkmype KOMno3umoe noo eo3oelicmeuem ecmecmi-
BEHHbBIX KAUMAMUYECKUX yCJZOGZ/lZZ. HpOGéaeHbl HamypHbvle ucnvlmarnus O5pa31/;06 8 KAUMAMUYECKOL
3one No 2. OnpedeﬂeHo USMEHEHUE MACCbL, NJIOMHOCMU U GOOOI’IOZJZOWQHM}Z 06pa3u06’, Maccosoll
00J1U CMEKIOBONOKHA.

This article pertains to the climate ageing of composite polymer materials. Using the example of
fiberglass reinforcement produced at KomAR Ltd. The changes running in the structure of compo-
sites under natural climatic exposure were examined. Environmental tests of specimens in the cli-
mate zone Ne2 were carried out. The change in mass, density and water absorption, as well as fi-
berglass mass fraction, were determined.



KiroueBble CJI0Ba: KOMIIO3UTHEIE Marcepuaibl, apMarypa CTCKIIOIINIACTUKOBAsA KOMIIO3WUTHAA,
KOPPO3HOHHOE pa3pyllieHue, ctapeHue, Y D-uzinyyeHue.

Keywords: composite materials, fiberglass composite rebar, corrosion failure, ageing, ultraviolet
radiation.

C.59-61

YK 621.396.6

O. B. Kynmvuuesa, acnupant, VxkI'TY umenn M. T. Kanamnukosa (O. V. Kultysheva, Post-
graduate, Kalashnikov ISTU)

A. U. Kopuiynos, TOKTOp TeXHUYECKUX Hayk, mpodeccop, xI'TY umenn M.T. Kanamnnkosa
(A. I. Korshunov, DSc in Engineering, Professor, Kalashnikov ISTU)

Pa3pa60TRa METOAUKHN aHaJIu3a KOHCprKTOpCKOﬁ AOKYMCHTAIUU PAAUOIJICKTPOHHOI'O
H31eIdsl HAa Tane moaroroBku npoussoacraa (Development of Technique for Analysis of De-
sign Documentation of a Radio-Electronic Item at the Stage of Production Preparation)

B cmamve paccmampusaemces npobaema nosviuenus 3pghexmusHocmu npoyeccos opeaHu3ayu-
OHHO-DKOHOMUYECKOU U KOHCI’I’lpyKWZOpCKO-meXHOJZOZulteCKOZZ Nno020moeKu np0u3600cm6a. AKmy—
ajJlbHOCNb npO6/Z€Mbl onpedeﬂﬂemc;z Heobx00UMOCMbIO onepamueroco u 000CHOBAHHO020 NPUHRAMUA
peweHuL? O 603MOIMUCHOCMU U ueﬂecoo6pa3Hocmu nocmaHOBKU 6 npous’eodcmeo KOHKpEMmMHO2O uzoe-
JUSL UMY npuema CmopoHHe20 3aKkazd. B kauecmee obOvexma ucciedo8anusi 8vlopana npoyeoypa
aoanmayuy KOMIJIEKMAa KOHCMPYKMOPCKOU OOKYMEHMAayuu K npou3800CmMEeHHbIM YCI08UAM NPU-
60pocmp0umeflbﬂoeo npednpuﬂmuﬂ, Nnjiarupyrouieco u3ecomoesjlieHue npodym;uu 6 coomeemcmeuu ¢
aoanmupyemoti OOKyMeHmayueil.

The article deals with the problem of increasing the efficiency of processes, organizational, eco-
nomic and design and technological preparation of production. The urgency of the problem is de-
termined by the need for prompt and informed decision-making about the possibility and feasibility
of setting in production of a specific product or receiving a third-party order. The chosen object of
study has been the procedure of adaptation of the set of design documentation for the operating
conditions of electronics manufacturer which is planning to manufacture products in accordance
with the adaptable documentation.

KaroueBnble cjioBa: KOHCTPYKTOPCKO-TEXHOJOTNMYCCKAA IMOATrOTOBKA IMPOU3BOACTBA, adallTalusd
KOHCTpYKTOpCKOfI JAOKYMCHTAlHU, HpI/I60pOCTpOI/ITeJ'IBHOG npeaAnpusaTuc.

Keywords: design and technological preparation of production, adaptation of the design docu-
mentation, electronics manufacturer.

C. 62-63

YK 621.83.06

M. E. Jlycmenxog, OKTOp TEXHUYECKUX HAYK, NOLEHT, beropyccko-POCCUICKHIT YHUBEPCUTET,
Morunes, Pecriyonuka benapycs (M. E. Lustenkov, DSc in Engineering, Associate Professor, Bela-
rusian-Russian University)

Ilepenaun ¢ NMpOMeXKyTOYHBIMH TeJIAMH Ka4deHHs: JIEMEHTbI T€OpHMH U KJjaccHpUKaLus
(Gears with Intermediate Rolling Bodies: Elements of Theory and Classification)

Cmambs noceéaujena uccie008aHuI0 MeXaHu4eckux nepeoay, 8 KOmopuvlx Hacpy3Kka nepeoaemcs
nocpeocmeom npomedncymounvix men kavenus. Ocu (yenmpol macc) men KaueHus He 3aKpenjieHvl
Ha obwem OCHOBAHUU U UMEIOM B03MOMCHOCMb OMHOCUMENbHO20 nepemeujenus. Paspabomanvi
Mooenu nepedau, 8 KOmopwix 6e208ble O0OPOAHCKU NPEeOCMABIeHbl 8 BUOE 3AMKHYMbIX NePUOOUYECKUX
KpUBbIX — YeHMPOBbIX Npoduiell KyIauKosbiX NOGePXHOCMel, a meia KaueHus A6IA0mcs moyKamu
nepeceuenus dMux Kpuevlx. Ycmanoenenvr mpebosanus Kk yeHmposviM npo@uisim, obecneyusaro-
Wue noCMOSIHCMBO MCHOBEHHO20 NepedamouHo20 omHoueHus npu pabome nepeoad. IIpueooumcs
Kaaccugurayus OAHHOU 2PYNNbl Mexanusmos. B kauecmee npumepa npakmuueckou peanuzayuu
pe3y1bmamos meopemudeckux Ucciedo8anull paccmMompena KOHCMpYKYusi paspabomanio2o Kc-
nepuMeHmanbHo2o obpasya nepedadu cghepuieckoco mund.



The article investigates the mechanical transmission, in which the load is transmitted through the in-
termediate rolling bodies. Axes (centers of mass) of rolling bodies are not fixed on a common base and
are able to move relatively to each other. The models of transmissions are given, in which race tracks
are presented in the form of closed periodic curve lines (pivot profiles of cam surfaces); and the rolling
elements are the points of intersection of these curves. The requirements of pivot profiles to ensure con-
sistency of the instantaneous transmission ratio are established. The classification of this group of me-
chanisms is developed. As an example of the practical implementation of the results of theoretical stu-
dies, the design of the developed experimental prototype transmission of the spherical type is examined.

KiroueBble cjioBa: MexaHMYeCKas Iepeiada, pelayKTop, TeJo KaueHus, OeroBasi TOpOXKKa, Ky-
JIA4YO0K, cerapaTtop.

Keywords: mechanical transmission, speed reducer, rolling body, race track, cam, separator.

C. 64-69

VK 621.825(045)

A. H. Ilapwun, KaHOUIAT TeXHUYECKUX HayK, Ps3anckuii uncturyt (pumuan) ®I'BOY BO «Mo-
ckoBckuit monutexuudeckuit yuusepeuret» (A. N. Parshin, PhD in Engineering, Associate Profes-
sor, Ryazan Institute (Branch) of Federal State Budgetary Educational Institutional of Higher Edu-
cation «Moscow Polytechnical University»)

CuHTe3 3y0beB BTYJIKH 3y0uaThbiX MY(]T /sl MOCTOSIHHOIO YIJIa MepeKkoca oceil coeauHsie-
mbIx BasioB (Synthesis of the Plug Teeth of Gear Couplings for a Constant Angle of Distortion
of Axes of the Connected Shafts)

ue]lbIO H(lCﬂ’lO}ZmelZ pa6OMbl AensAaemcs pa3pa60m7<a Memooa cunmesa 3y6qamoeo 3auenijieHus,
N0360JIAI0We20 Onpedeums KOHCMPYKMuGHble napamempul 3y0bes emyaKu 3youamolx my¢hm 0is
NOCMOAHHOCO Yela nepeKkoca ocell coeOUHsIeMbIX BaJI06. Hpu CUHmese 3y6ttam020 3ayenjieHus
000UiMblL U BMYIKU NO NpedazaemMomy Memooy obecnedusaemcs NpOCMpaHCmMeEeHHblll JTUHElHbLU
KOHmMAaKkm emecmo mo4e4Hoco C yeeludenHuem CyMMClpHOZZ nﬂoma()u nAmMeH KoOHmaxkma 6 npedeﬂax
yena 3ayennenusi. Cunme3uposaHHas OAHHLIM MemooomM Mmygma O6yoem 061a0amv NOBLIUEHHOU
Haepy3qu0L7 CnOCO6H0€mbIO, UHOCOCMOUKOCMbIO U NIAEHOCMbIO pa60mb1.

The purpose of the present work is development of a method for synthesis of the gear allowing to
determine the design data of the plug teeth of gear couplings for a constant angle of distortion of
axes of the connected shafts. At synthesis of the gearing for the holder and the plug in accordance
with the proposed method, the spatial linear contact instead of the point one with increase in the
total area of bearing contact within the pressure angle is provided. The coupling synthesized by this
method will possess the increased load ability, wear resistance and smoothness of operation.

KuroueBblie ciioBa: 3ybuaras mydra, o0oitma, BTyJKa, yroJl MEpeKoca OCe COeMMHIEMBIX Ba-
JIOB, JIMHHUHW KOHTAaKTa.

Keywords: gear coupling, holder, plug, angle of distortion of axes of the connected shafts, lines
of contact.

C.70-76

YK 658.512.4

M. A. Pasocusuna, acnupant, ok['TY umenun M. T. Kanamaukosa (M. A. Razzhivina, Post-
graduate, Kalashnikov ISTU)

. I'. Jlpecéannuxog, KaHAuaaT TEXHUYECKUX HayK, AoueHt, kI TY umenu M. T. Kanamnauko-
Ba (D. G. Dresvyannikov, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

Ioaxoasl K OpraHuM3aluM BbICOKOTEXHOJOTHYHOIO NPOM3BOACTBAa YHM(UIUPOBAHHOU
MAIIMHBI TEXHOJIOTHYECKOT0 3JIEKTPOTPAHCIIOPTAa B COBpeMeHHbIX ycaoBusix (Approaches to
High-Tech Manufacturing of the Unitized Machine of Technological Electric Vehicles in
Present Conditions)

B cmamve 0603nauenvt npednoculiku u nepcnekmussbl pazeumus mexHoI02ULecKko20 1eKmpo-
mpancnopma. Jlanvl pekomeHOayuu no opeanu3ayuu npou3s00CmMEeHH020 npoyecca ¢ npuMeHeHu-



€M COBPEMEHHbLX Memoooe ynpaejieHus u MHd)OpMaI/;uOHHle mexnonocui. Coemecmuoe npumeHe-
HUe HeCKOIbKUX N00X0008 obecneyusaem 2uOKOCMb U KOHKYPEHMOCHOCOOHOCMb NPEeONpUsmus 8
YCaosusx 6blcmp0M€H}Zi0WuXCﬂ 3anpocoe nompe6umejzﬂ.

The article deals with preconditions and perspectives of development of technological electric
vehicles. Recommendations are given on organization of the production process with the use of
modern management methods and information technologies. The combined use of several ap-
proaches provides flexibility and competitiveness for rapidly changing consumer demands.

KiiroueBble cjioBa: 3IJIEKTPOTEICKKA, ObICTpopearupyroiiee mpou3BoacTBo, ERP-cucrema,
VHU(DUITUPOBAHHAS MAIlIMHA TEXHOJIOTHYECKOTO 3JIEKTPOTPAHCIIOPTA.

Keywords: electric vehicle, quick response manufacturing, ERP-system, unitized machine tech-
nology of electric vehicles.

C.77-19

VIIK 621.001(045)

M. A. Pasocusuna, acnupant, UxkI'TY umenn M. T. Kanamnukosa (M. A. Razzhivina, Post-
graduate, Kalashnikov ISTU)

A. U. Kopwynos, noktop TexHnueckux Hayk, npodeccop, VbxI'TY umenu M. T. Kanamnnkosa
(A. 1. Korshunov, DSc in Engineering, Professor, Kalashnikov ISTU)

D. B. Anues, xanauaatr texanueckux Hayk, VDKI'TY umenun M. T. Kanamuukosa (E. V. Aliev,
PhD in Engineering, Kalashnikov ISTU)

BHellpe}me qrm KaK CI0C00 MOBLINIECHUS 3(1)(1)CKTI/IBHOCTH B ¢ IMHUYHOM U Me.mcocepm‘»i-
Hom npoussoacTee (QRM Implementation as a Way to Increase the Efficiency in Single and
Small Batch Production)

Cmamos nocesAuena anaitusy xapakmepHslx ocobennocmeri KOoHYenuyuu 6blcmp0pea2upyi0u4620
npouseoocmaa, obecneuusarowell nogvlueHue IPHeKmusHoCmu GYHKYUOHUPOBAHUSL NPOU3BOOCHI-
BEHHbLIX cucmem. HpuMeHeHue oannou KOoHYyenyuu obecnevyusaem Haubonee 3HaAUUMETbHbIE pe-
3Y1bMamol NPUMEHUMENILHO K €OUHUYHOMY U MEIKOCEPUUHOM) NPOU3IBOOCMNEY, OPUEHMUPOBAHHOMY
HenocpeoCmeenHo Ha YO00os8lemeopeHue nompeoHocmell KOHeUH020 nompedumens npou3eooumou
npodym;uu. Paccxwampueaiomwz HeKxomopble acnekmaol 63aUMOO0eCMEUsL OAHHOU KOHYenyuu ¢ uUH-
qupMdL;uOHHblMu cucmemamul, npUMeHAeMblMu ons ynpaejileHusi npouseodcmeoM.

The article is devoted to analysis of the characteristics of the concept of quick response manu-
facturing, providing an increase in the efficiency of industrial systems functioning. The application
of this concept provides the most significant results for single and small batch production, focused
directly on the needs of the consumer of final products. It is dealt with some aspects of interaction
of this concept with information systems used to control production.

KiroueBble ciioBa: ObicTpopearupyroliee Mpou3BOJICTBO, MPOU3BOJCTBEHHAs sueiika, 3¢ dek-
TUBHOCTH IIPOU3BOJICTBA, KpI/ITI/I‘IeCKI/II\/'I IIYTH MPOU3BOJACTBA.

Keywords: quick response manufacturing, work cell, production efficiency, critical path of pro-
duction.

C. 80-83

V]K 621.88.084

Canama bawap, acnupant, bx['TY nmenn M.T. Kanammukosa (B. Salama, Post-graduate, Ka-
lashnikov ISTU)

MexaTpoHHasi YCTAHOBKA JJIsl MCCJIEOBAHUS PeryjiiTopa U30bITOYHOro 00bemMa MacJja
npu ruapomnpeccoBoii coopke (Mechatronic Unit for Studying A Regulator for the Excess
Amount of Oil During the Hydraulic Press Assembly)

B oannoii cmamve npeonacaemcs mexampouwHas YCMAHOBKA HA OCHOBE CUOPOAKKYMYIAMOpA
2py3068020 Munda, KOmopulii obecneyusaem nOCMOSHCMEO 0AGNIeHUs, OJisl peuleHUuss npoobiembl Ouc-
KpemHOoCmu nooadu CMA3Ky 8 30Hy CONpsAdCeHus: Oemainell, COOPAHHBIX 2UOPONPECcCOB8bIM MemoO0oM
npu 6Kjiro4eHuu OPOC‘C‘eﬂﬂ, K0m0pbll/7 00bIYHO ucnonvszyemcs o COXPAHEHUA oasjlenus 6 cucmeme.



In this paper we propose a mechatronic unit based on cargo type accumulator which provides a con-
stant pressure to solve the problem of discreteness in lubricant supply to the coupling zone of the parts
assembled using the hydraulic press method when a throttle is used to save the system pressure.

KiroueBble ci1oBa: ruaponpeccoBas cOOpka, perysiTop ooObemMa mMacia, KOHCTPYKIUS B H3Me-
peHue.

Keywords: hydraulic press fit, oil volume regulator, construction, measurement.

C. 84-86

V]IK 623.4.014

C. I Cenemxkos, NOKTOp TeXHWYECKHX HayK, rnpodeccop, kI TY umenn M. T. Kanamnukosa
(S. G. Seletkov, DSc in Engineering, Professor, Kalashnikov ISTU)

OIIeHKa BJIMAHUA ISKCIUIYaTAalMOHHBIX orpaﬂnqe}mﬁ Ha 3q)(l)eKTI/IBHOCTI> crnoco0oB
yMeHbIlIeHHs1 HMITyJIbca oTaaun npu BoicTpese (Assessing the Impact of Operating Restric-
tions on the Effectiveness of Ways to Reduce the Recoil Momentum)

B cmamve asmop anaiusupyem cpynnvl SKCniyamayuoOHHblx oepaHuqumZ u yCJZO6uL7, umerouux
MeCcmo npu npoekmuposaHuu Cucnmem CmeojlbHoc0 OPYIHCUAL.

The author analyzes the group of operating restrictions and conditions that occur when design-
ing the barreled weapon systems.

KuroueBble cj10Ba: CTBOJILHOE OpPYKHUEC, UMITYJIBC OTHa4YH, SKCILUTYATallTUOHHBIC OTPAHUYCHUS.

Keywords: barreled weapon, recoil momentum, operating restrictions.

C. 87-89

VK 623.418

B. B. Cmewos, xanaunat Texunueckux Hayk, AO «lleHTpanbHbIN HAay4YHO-UCCIIEI0BATEIbCKHI
unctutyT «bypesectHux» (V. V. Steshov, PhD in Engineering, BUREVESTNIK Central Research
Institute, JSC)

Bausinue yreyek €:xkaToro BO3AyXa Ha napaMerpbl TPAHCIIOPTHPOBAHUA CHAPAAA B IIHEB-
MoTpaHcnopTHOM aBroMmate 3apsukanusi (The Effects of Compressed Air Leakages on the
Projectile Transportation Parameters in the Pneumatic Transporting Autoloader)

Uccneoosano enusanue ymeuex cocamozo 8030yxXa HA Npoyecc mpaHcnopmuposarus cHapaod 8
agmomame 3apANCAHUS APMUTLIEPUNICKO2O OPYOUSL.

The effects of compressed air leakages have been investigated on the process of projectile trans-
portation in the pneumatic-transporting autoloader.

KuaroueBble c10Ba: THEBMOTPAHCIIOPT, MTPOTEYKA, CHAPSAL, 3apshKaHUE.

Keywords: pneumatic transporter, leakage, projectile, loading.

C.90-91

YJK 623.418

B. B. Cmewos, xangunat Texunueckux Hayk, AO «lleHTpanbHbIil Hay4YHO-UCCIEI0BATEIbCKHUI
uncrutyt «bypeBectauk» (V. V. Steshov, PhD in Engineering, BUREVESTNIK Central Research
Institute, JSC)

Oco0eHHOCTH 10CBUIKH MOAYJIBHBIX METATEJIbHBIX 3apsiI0B B CTBOJI aPTHJLIEPUICKOrO OpYy-
mus (Special Aspects of Ramming Modular Propelling Charges into the Artillery Gun Barrel)

PaCCMOWlpeH eapuannm noevlUUerHUA HaoedcHocmu mpaHcnopmupoearusl MOOlebelx mema-
meJjlbHblX 3ap;zdoe 6 NHEBMOMPAHCNOPNMHOM asnomame 3apANCaAHUs apmuﬂﬂepuﬁCKozo opyduﬂ.

A variant has been considered of improving the reliability of modular propelling charges trans-
portation in the pneumatic transport autoloader of the artillery gun.

KaroueBble c10Ba: THEBMOTPAHCIIOPT, YINIOTHUTEIBHOE YCTPOMCTBO, CKATHIA BO3yX.

Keywords: pneumatic transporter, sealing device, pressurized air.

C.92-93



VK 621.833.2(31)

B. H. Cui3panyes, NOKTOp TEXHUUYECKHX HayK, npodeccop, TroMeHCKUI MHAYCTPUATBHBIN YHHU-
Bepcuret (V. N. Syzrantsev, DSc in Engineering, Professor, Industrial University of Tyumen)

A. A. Iazsk, crapimii npernoaaBareiib, TIOMEHCKHI HHAyCTpHanbHblil yauBepcuteT (A. A. Pazyak,
Senior Lecturer, Industrial University of Tyumen)

JI. A. Yepnas, kanmuoaT TeXHUYEeCKHX Hayk, noment, MI'TY um. H. O. baymana, r. Mocksa
(L. A. Chernaya, PhD in Engineering, Associate Professor, Bauman Moscow State Technical University)

AHaJIM3 3anenJieHusi MoJyOOKATHO! MVIOCKOKOHUYECKOH Mepeaadu ¢ MpPoaoJdbHOI JT0KAINu3a-
uueii konrakra (Analysis of Gear Meshing of Bevel Gears With a Small Shaft Angle with a Non-
Generated Gear and a Generated Pinion with Longitudinal Crowning of the Gear Tooth Surface)

Pacwwampueaemc;l pa60uee 3ayenjieHue l’lOJZy06KaI71H011 NJI0CKOKOHUYECKOTL nepedauu, A6JIAI0-
weticst OCHOBOU HOBOLL 2AMMbl COOCHBIX NPUBOO08 Hehmezaz08020 0bopyodosanus. Ilonyuenvt 3a6u-
cumocmu 0Jis1 paciema mo4ex akmusHou oelicmsyrowell 1unuu (pabouell 1uHUL) 8 3ayenyienuu no-
JIYOOKAMHOU NAOCKOKOHUYECKOU nepedayu ¢ npooobHOU JoKaiuzayuell konmaxkma. Ilpoananusu-
POBAHO GIUAHUE HA NOJIOJCEHUE pa60uux JUHUL nozpemHocmed 63AUMHO20 pACnOJI0dHCERUA KoJleca
U wiecmepHu 8 Kopnyce nepeoayu.

The paper describes the gear meshing of bevel gears with a small shaft angle with a non-
generated gear and a generated pinion which is the base for the range of coaxial gearboxes for oil
and gas equipment. The authors received contact lines (lines of action) in gear meshing of bevel
gears with a small shaft angle with a non-generated gear and a generated pinion with longitudinal
crowning of the gear tooth surface. The authors analyzed a change in the position of contact lines
in the presence of position errors of the mating pinion and gear in the body of a gearbox.

Ki1roueBble ¢j10Ba: COOCHBIN PEAYKTOP, MOIYOOKaTHAS IJIOCKOKOHWYECKas Tepenada, 009Kk000-
Pa3HbIC 3y6B}I, JIMHHUH KOHTAKTa, MHOT" OHapHLIﬁ KOHTAKT.

Keywords: coaxial gearbox, bevel gears with a small shaft angle with a non-generated gear and
a generated pinion, double-convex teeth, contact lines, multiple contact.

C. 94-100

YK 004.414.3

E. C. Yyxnanyes, xauauaat TexHudeckux Hayk, noreHT, k[ TY umenun M. T. KamamnukoBa
(E. S. Chukhlantsev, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

A. A. bac, xangupat TexHuyeckux Hayk, momeHT, VDkI'TY wumenu M. T. Kamamnukona
(4. A. Bas, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

@. @. llaiixyreanuesa, crynentka, ok TY umenn M. T. Kanammuukosa (F. F. Shaikhulgalieva,
Student, Kalashnikov ISTU)

K Bompocy o BbI00Ope NporpaMMHO-HHCTPYMEHTAJIBHOIO CPEACTBA 1JIs1 OLEHKH COOTBETCT-
BUs JU(]PTOB 3aJaHHBIM TexHH4YeckuMm mapamerpam (To the Choice of Software and Tool
Means for Assessment of Lifts Conformity to Assigned Technical Parameters)

bvina npoananuzuposana desmenvrnocms npeonpuamus UKL «Kanubpy. Boin evisenen pso npo-
6]16/1/[, C6A3AHRHbIX C npe()ocmaeﬂeﬁuem yciayeu no OyeHKe coomeencneusl /zuquoe HOpMamueHblM
OOKYMEeHmam, a maxdice onpeoeieHvl OCHO8Hble Kpumepuu 0Jisi NosvluleHus: yposHs yeaye. Ha ocho-
8¢ NOJIYYEHHBIX OAHHBIX U NPOBEOEHHO20 AHANU3A NPEeONnpuUsmuUs ObLIU NOCMABIEHbL 3A0a4U 05 pe-
uleHUs OaHHbIX NPOOIEM.

We analyzed the activity of the company "ICC caliber.” A number of problems was identified re-
lating to the provision of services for conformity assessment of lifts normative documents. The basic
criteria for increasing the level of services were also determined. On the basis of the obtained data
and the performed analysis of the company, assignments to solve these problems were stated.

KiroueBbie ciioBa: OuszHec-mporiecc, JU(TOBBIE MIAXThI, JUPT, TEXHUYECKOE O0O0CIIeIOBAHUE,
TEXHUYECKHUE YCTPOHCTBA, MHPOPMAIIMOHHAS CHCTEMA.

Keywords: business process, lift shafts, lift, technical inspection, technical equipment, informa-
tion system.
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N3MEPUTEJIbBHAS TEXHUKA

VIIK 623.593

C. @. Eeopos, xaHIMAAT TEXHUYECKUX HAyK, naoueHT, Mucturyr mexanukun YpO PAH,
r. Mbxesck xI'TY umenu M. T. Kanamuukosa (S. F. Egorov, PhD in Engineering, Associate Pro-
fessor, Institute of Mechanics of UB RAS, Izhevsk, Kalashnikov ISTU)

B. C. Kaszakos, xanaupar TexHuueckux Hayk, npodeccop kI TY numenn M. T. Kanamnukosa
(V. S. Kazakov, PhD in Engineering, Professor, Kalashnikov ISTU)

B. A. Apanacves, xannunar rexunueckux Hayk, VDkI'TY umenu M. T. Kanamaukosa (V. A. Afana-
syev, PhD in Engineering, Kalashnikov ISTU)

U. I'. Kopnunos, xanmunar texanueckux Hayk, VOk['TY umenn M. T. Kanamnukosa (1. G. Korni-
lov, PhD in Engineering, Kalashnikov ISTU)

U. B. Kopobeuinuxosa, xangunatr texamdeckux Hayk, VDk['TY wmmennm M. T. Kamammumkosa
(I. V. Korobeynikova, PhD in Engineering, Kalashnikov ISTU)

3BOJIIOIII/IH JICKTPOHHBIX AKYCTHYECCKHUX MUIIEHE: I/IH(i)OpMaIII/IOHHO-I/BMep]/ITeJIbeIe
cucrembl s crpeskoBoro opy:kusi (Evolution of Electronic Acoustic Targets: Information
and Measuring Systems for Small Arms)

Ilpugsedena ucmopus paspabomok axycmuueckux MmuuieHel Ha kagheope «Bviuuciumenvnas
mexuuxay Uoncl'TY umenu M. T. Kanawnuxosa 3a 25 nem. Hccreoosanvl cmpykmypa u KOHCmMpYK-
uuu qubopmaL;MOHHo-u3Mepumeﬂbelx cucmem u ux napamempaol. Iloxazana 960J1I0YUSL MEeXHUYe-
CKUX CPeOCm8 aKyCmu4eCcKux MuieHel. 0amyuKos, JUHUL C853uU, maumepos, aHaio2080-yu@dpoeuolx
npeobpazosamereii. Coenan 661600 0 NePCNeKMUBHOCU OATbHEUUUUX UCCIe008AHULL U YCOBEPULEeH-
CMBOBAHUU UHDOPMAYUOHHO-USMEPUMETILHBIX CUCEM OJIsL CIMPENIKOB020 OpYiCUsl Ha baze aKycmu-
YeCKUX MuuleHell.

The paper presents the history of developments of acoustic targets for the last 25 years at the
Computer facilities department of Kalashnikov ISTU. The structure and designs of information and
measuring systems and their parameters are investigated. Evolution of technical means of acoustic
targets is shown: sensors, communication lines, timers, analog digitizers. The conclusion is drawn
on prospects of further researches and improvements of information and measuring systems for
small arms on the basis of acoustic targets.

KarwueBble ci10Ba: akyCTHYECKasi MUIIEHb, aKYCTUYECKHI TaTYUK, KYYHOCTh, METKOCTb, H3ME-
puTeiibHag CUCTCMaA.

Keywords: acoustic target, acoustic transducer, grouping, accuracy, measuring system.

C. 104-110

YK 681.5.08

[0. JI. Kapasaes, kannunat ¢pusznko-matrematuieckux Hayk, VOkI'TY umenun M. T. Kanamauko-
Ba (Yu. L. Karavayev, Kalashnikov ISTU)

A. B. Knexoexun, actupant , xkI'TY umenun M. T. Kanamuukosa (4. V. Klekovkin, Post-
graduate, Kalashnikov ISTU)

C. K. Jlecun, maructpant, WxI['TY umenun M. T. Kanamuukosa (S. V. Lesin, Master’s degree
student, Kalashnikov ISTU)

MyabTHceHCOPHAsi HH()OPMAIIMOHHO-U3MEPUTEILHAS CHCTEMa MOOMJIBLHOTO po6oTa 1A pea-
JIM3AIUU BUKeHUs B HeleTepMHHHpoBaHHOM cpexe (Multisensory information and measure-
ment system of mobile robot for implementation of motion in non-deterministic environment)

B cmamve paccmampueaemcsa mynomucencopHas UHGOPMAYUOHHO-USMEPUMENbHAS CUCTNEMA
07151 peanu3ayu OBUNCEHUs 8 HeOeMmepPMUHUPOBAHHOU cpede Ha NpumMepe 8blCOKOMAHEBPEHHO20 MO-
ounvHoco poboma c¢ omuuxosecamu. Ilpugedenvi aneopummvl pacno3HaA8aAHUA U UCKIIOYEHUS.
CMOJIKHOBEHUsL ¢ OUHamudeckumu npenamcemeusamu. Ilonyuena sxcnepumenmanvHas oyeHka paspa-
OOMAHHBIX ANOPUMMOE OJIsl ABMOHOMHO20 OBUNCEHUS MOOUTILHO20 poboma no 3a0aHHOMY Map-



The paper presents a multisensory system for motion in a non-deterministic environment by the
example of the high manoeuvrable mobile omniwheel robot. Algorithms of recognition and collision
prevention with dynamic objections are described. Experimental estimation of developed algo-
rithms for autonomous moving of the mobile robot on the required path is obtained.

KuroueBsblie cjioBa: MmoOmibHBIH poboT, Kinect, iunap, BUHC, cucrema TeXHUYECKOTO 3pCHHS,
HCACTCpMHUHUPOBAHHAaA Cpela.

Keywords: mobile robot, Kinect, lidar, computer vision system, non-deterministic environment.

C.111-115

VIIK 004.942, 623.522

B. I'. Cygusnos, xkaununat pusuko-mareMarnueckux Hayk, ok TY umenu M. T. Kanamnaukosa
(V. G. Sufiyanov, PhD (Physics and Mathematics), Associate Professor, Kalashnikov ISTU)

C. A. Kopones, xannunat pusuko-maremarndeckux Hayk, k[ TY umenu M. T. Kanamnukona
(S. A. Korolev, PhD (Physics and Mathematics), Associate Professor, Kalashnikov ISTU)

MoaenupoBaHue YIVIOBBIX XAPAKTEPUCTHK ONMOPHO-IIOBOPOTHOIO0 MEXaHU3Ma HM3MepH-
TeﬂbHO-peFI/ICTpprlOIIIeﬁ almnaparTrypbl nIpu CJICKCHUHU 3a ABMKCHHUEM CHapsiia IO BHCIIHE-
oastucTuyeckoii Tpaekropuu (Modeling of Angular Characteristics of Slewing Mechanism
for Measuring and Recording Equipment when Tracking a Projectile Motion by External
Ballistic Trajectory)

B cmamve npedcmaeﬂena MOoOeb d))/HKL{uOHupOGCZHuﬂ ONOPHO-NOBOPOMHOCO0 MEXARUIMA U3ME-
PUMENbHO-Pe2UCPUPYIOUIe20 YCMPOLCMEa NPU CIeXCeHUU 3a 08UdCeHUeM CHApsod HA GHeulHe-
oanucmuyeckou mpaexKkniopuu. Paccxwampueaemc;l 3a0aua paccmaroBKU  UBMEPUMETIbHO-
pecucmpupyrowmux ycmpodcmg HA UcnvlmamejlbHom NoaUucORe C y4yemom MEeXHU4ecKux ocpaHuue-
HUIL.

The article presents a model of the functioning of slewing mechanism for measuring and record-
ing device in tracking the movement of the projectile on external ballistic trajectory. The problem of
placement of measuring and recording devices at the test ground with account of technical con-
straints is considered.

KiroueBbie ¢j10Ba: ONOPHO-TIOBOPOTHBIM MEXAaHNU3M, U3MEPUTEIBHO-PErUCTPUPYIOLIEE YCTPOIi-
CTBO, MOJCIHMPOBAHUE YITIOBBIX XAPAKTCPUCTUK, TPACKTOPUA CHapsaa, HCHBITAaTEILHBIN ITOJIUTOH.

Keywords: Slewing mechanism, measuring and recording device, modeling angular characteris-
tics, projectile trajectory, test ground.

C.116-119

HAYKH O 3BEMJIE

VK 553.982

JI. 3. FOnycosa, xanaunar TexHU4eckux Hayk, poueHT, MxI'TY umenn M.T. Kanamnukosa
(L. Z. Yunusova, PhD in Engineering, Associate Professor, Kalashnikov ISTU)

I'. 3. Camueynnuna, KanauaaT OMOJIOTUYECKUX HAYK, JOLEHT, Y IMYPTCKUHA TOCYIapCTBEHHBIN
yuuBepcuret (G. Z. Samigullina, PhD in Biology, Associate Professor, Udmurt State University)

MopenupoBanue apapuiiHOi cutyauun Ha npuMmepe CyHaypcko-HsSI3BMHCKOro mMecTopo:x-
nenus ynmyprckoii pecimyosimku (Modeling of an Emergency Based on the Example of Sun-
dursko-Nyazinskoe Oil Field in the Udmurt Republic)

B cmamve paccmampusaemcsi 60npoc no MOOenuposanuio asapuiiHol Cumyayuu Ha Hepmanom
Mmecmopodicoenuu Yomypmcekou Pecnyonuxu. Paccmompensl acnekmvl He2amueHo20 GIUAHUS OM-
0eNbHbIX XUMUYECKUX (PaKmopos 83aumo0eicmsus nepmu ¢ KOMNOHEHMAMU OKpYHcarouel cpeobi.
Ilpusedennas cumyayusi oyeHeHa K1acCOM ONACHOCMU 6030€liCMBUs OP2AHUYECKUX KOMNOHEHMO8
Heghmu na oxpyocaiowyio cpedy. Ilpeonoosicen eapuanm mooenuposanus asapuiiHol cumyayuu Ha
0MOeNbHOM HepMAHOM MECMOPOHCOEHUU KAK APUAHIN CHUIICEHUS PUCKA PA3IUEA Hehmu.



The article discusses the modeling of an emergency on a separate oil field in the Udmurt Repub-
lic. Aspects of the negative impact of certain chemical factors of oil interaction with the components
of environment are studied. The above situation is assessed by the class of dangerous exposure of
organic components of oil on the environment. A variant of modeling of an emergency on a sepa-
rate oil field as an option to reduce the risk of oil spills is given.

KuroueBble ciioBa: aBaprIHafI cutyanus, He(bTSIHOC MCCTOPOXKIACHUC, KJIAaCC OIIaCHOCTH, BBI-
Opoc BpEeIHOTO BEIIECTBA IPH TOPEHUN HEPTH.

Keywords: emergency, oil field, class of danger, emission of harmful substances during oil
combustion.

C. 120-123

KOMIIBIOTEPHAS JIMHI'BUCTUKA

YK 805.3:004

B. A. bapanos, noxrop ¢uionornueckux Hayk, mpodeccop, YOk TY umenn M. T. Kanamauko-
Ba (V. A. Baranov, Doctor of Philology, Professor, Kalashnikov ISTU)

OnoIT Co31aHUusA MOIYJIA n-rpaMM CUCTEMBI «KMAHYCKPHUIIT» H OUCHKHA Bq)q)eKTHBHOCTI/I ero
HCNOJIL30BAHUS VISl OMCKA KoJLToKauii B kopmyce M. B. Jlomonocoa (Experience of Crea-
tion of the N-Gram Module of the System “Manuscript” and Evaluation of The Efficiency of
Its Application to Search Collocations in the Corpus of M.V. Lomonosov)

B cmamve onucanvl ¢hynxyuu u napamempol MoOyIs R-2PAMM UHDOPMAYUOHHO-AHATUMUYECKOU
cucmemausl (Kopnyca) «MaHyCKpunm» u umocu Ikecnepumerma no NPUMEHEHUD HECKOJIbKUX cmanmu-
CMUYecKux mMemooos 6 Kopnyce meKkcmoes M. B. Jlomonocosa. HOKCZSCIHO, Ymo KoJjudecmeeHHble U
cmamucmudeckue mMemoobsl OUYEHKU 6u2pClMM NPUMEHRUMDBL K A6NOPCKOMY UCMOPUHECKOM) KOPphnYyCy
U NO360JIAIOM 6bIABJIANb ycmoﬁlmeble coyemdaHu:l.

The article contains a description of functions and parameters of the n-gram module of the in-
formational analytical system (corpus) “Manuscript” and the results of the experiment on the ap-
plication of some statistic methods to the corpus of texts by M. V. Lomonosov. The quantitative and
statistic methods of evaluation of bigrams are shown as applicable to the author’s historical corpus
and enabling revelation of stable combinations.

KuaroueBble cjioBa: HCTOpUUECKUN KOpIyC, KOpryc JIoMOHOCOBA, CTATHCTUYECKUE METOJIbI, N-
rpaMMbI, MCPBI aCCOLIMAllNH, KOJUIOKAIUH.

Keywords: historical corpus, corpus of Lomonosov, statistic methods, n-grams, measure of as-
sociation, collocations.

C.124-131

YJIK 004.738.5

B. A. bapanos, noktop ¢guiogoruueckux Hayk, npogeccop, MxI'TY umenn M. T. Kanamnuko-
Ba (V. A. Baranov, Doctor of Philology, Professor, Kalashnikov ISTU)

P. A. Bepusiesa, kanmunar ¢unonorunyeckux Hayk, VOkI'TY umenu M. T. Kanammukosa (R. A. Ver-
nyaeva, PhD in Philology, Kalashnikov ISTU)

Kopnyc M. B. JlomonocoBa B uHTepHeTe: HOBBIe Bo3MoxkHocTH (Corpus of M. V. Lomono-
sov in the Internet: New Opportunities)

B cmamuve npedcmaeﬂeH 0630p HOBbIX B603MOJCHOCEU Kopnyca meKcmos Jlomonocosa
(lomonosov.pro). Ycosepuiencmeosanusi KOCHYIUCL AHATUMUYECKOU U JAUHESBUCTNUYECKOU pa3me-
MOK MeKCmos, napamempos 3anpoca u oopm demoncmpayuu eb100pok. Ocoboe eHuMaHue yoeieHo
pe3yibmamam pabom no co30anuro yKazameneu JUYHbIX U 2e0epahuiecKux umeH, Cl08aps JUH-
2BUCMUYECKUX MEPMUHO8, mMpembell 8epCull MOOYIel N-2PaAMM U CIAMUCTUKY U HEKOMOPbIX OpY-
2UX cpedcme 00Cmyna K OaHHbIM.

The article provides an overview of the new features of the Lomonosov corpus (lomonosov.pro).
Improvements touched the analytical and linguistic markup of texts, request parameters and forms



of demonstration samples. Particular attention is paid to the results of creating index of personal
names and geographical names, the dictionary of linguistic terms, the development of the third ver-
sion of modules for n-grams and statistics and some other means of access to the data.

KiroueBble cioBa: I/ICTopI/I‘leCKI/Iﬁ KOp1yC, IMOJTHOTECKCTOBAas Oasa JaHHBIX, .HOMOHOCOB, JIMH-
IBUCTUYECKAs pa3METKa, aHAIMTUYECKas pa3MeTka, moaysu nocryna, XML TEIL

Keywords: historical corpus, full-text database, Lomonosov, linguistic marking, analytical
marking, access modules, XML TEI.

C. 132-136

YK 004.934

E. A. JKoanosa, kaumunar guinonornueckux Hayk, nomest, Vx['TY umenun M. T. KanamunkoBa
(E. A. Zhdanova, PhD in Philology, Kalashnikov ISTU)

IMpoexT Kopmyca pycckux ropopoB Yamyptuu (Science Project of the Linguistic Corpus of
Russian Dialects of the Udmurt Republic)

B cmamuve npec)cmaeﬂeH npoeKm OmKpblmozco 3J1eKMpPOHHOCO0 AHHOMUPOBAHHO20 NOJIHOMEKCMO-
8020 KOPNYcA PYCCKUX 2080p08 YOMmypmuu, uHmMezpupo8aHHo20 8 0eticmayiouyio TuHee02eocpapu-
YecKyio qu)OpMaL;MOHHyIO cucmemy «,ZZuaneKm». B cmamuve nokazanst ocrosHble xapakmepucmu-
KU Kopnyca 6 conocmdaejleHuu ¢ cyuecmeyrouumu pecypcamu AHANI02UYHOU HanpaejleHHocmu, 6
mMom 4ducie JuHeeucmu4ecKkoe HAanoJIHeHue, ocobennocmu pasmemKu u mexnudecKkoe OCHauerue,
npedcmaeﬂeﬁbl BO3MOICHOCMU UCNOTIB306AHUSL NPOEKMUPYyemoco Kopnyca 6 OUANIEKTNON02UYECKUX
UCCIe00B8AHUSX.

This article presents the electronic annotated full texted corpus of the Russian dialects of the
Udmurt Republic integrated with linguistic-geographical information system "Dialect”. The article
shows the main characteristics of the corpus versus similar resources including linguistic material,
marking features, its technical equipment, and the possibility of using this corpus in dialectological
researches.

KuroueBrble €10Ba: TMHIBUCTUYECKHUM KOPITYC, PYCCKHE TOBOPBI Y IMYPTHH, THAJIEKTHBINA TEKCT,
pasmertka, JITUC «/InanexTy.

Keywords: linguistic corpus, Russian dialects of the Udmurt Republic, dialect text, marking,
linguistic-geographical information system “Dialect™.

C. 137-141

HAHOTEXHOJIOI'MN

YJIK 538.62, 548:537.611.46

M. A. IInemnes, NOKTOp XMUMHUYECKHUX HayK, AoueHT, WxI'TY umenn M. T. Kanammnuxosa
(M. A. Pletnev, Kalashnikov ISTU)

A. B. Kyxmo, xanaunat GU3NKO-MaTeMaTHUYECKUX HAyK, MOIEeHT, NHCTUTYT SAepHBIX MpobdIemM
benopycckoro rocymapcrBenHoro yHuBepcutera, . Munck (4. V. Kukhto, Research Institute for
Nuclear Problems of Belarusian State University)

CBoiicTBa QyHKIIHOHATBHBIX MATEPUATIOB HA 0a3e THOPUAHBIX MOJUMEPHBIX KOMIIO3UTOB
¢ HaHoyrJepoaHbiMu BKJIO4enussmu (Properties of Functional Materials on Basis of Hybrid
Polymer Composites with Nano-Carbon Additives)

Hccneoosanvl nonumephvie KOMRO3UMbL HA OCHOBE PA3IUYHBIX (POpM HAHOY2nepooa. Yyenepoo-
Hble HAaHOMPYOKU, epagenvl U mepmopacuiupenusili epagum. B kauecmee norumepnvix mampuy
npu NOIYYEeHUU KOMNO3UMOS8 ObLIU UCNOIb308AHbL INOKCUOHASL CMOIA, NOAUMEMUIMEMAaKpuian,
noausuHUIAyemam u ouopasznazaemvlii conoaumep cmupon-akpuiama (SAC).

Paspabomana mooens, onucvisarowas gopmuposanue 31eKmMpoOMASHUMHO20 OMKIUKA MHO20-
CMEHHbIX HAHOMPYOOK KAK KOHEYHOU, MAaK U 6eCKOHeYHOU OIUHbL 8 MUKPOBOIHOBOU 001ACmU Ydc-
mom. Ha ocnose moodenu nonyueno svipadxcerue 0Jisi 3PDeKMusHo OUdNeKmpuieckol npoHuyde-
MOCMU pa30PUEHMUPOBAHHO20 HEYNOPAOOYEHHO20 KOMNOZUMA U3 Y21ePOOHBIX HAHOMPYOOK.


https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi29emS8_XQAhWDKCwKHT4ECvAQFggbMAA&url=http%3A%2F%2Finp.bsu.by%2F&usg=AFQjCNGxNZw5KZzwNInB_X-eTTZTjHyY8A&bvm=bv.141536425,d.bGg&cad=rjt
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi29emS8_XQAhWDKCwKHT4ECvAQFggbMAA&url=http%3A%2F%2Finp.bsu.by%2F&usg=AFQjCNGxNZw5KZzwNInB_X-eTTZTjHyY8A&bvm=bv.141536425,d.bGg&cad=rjt

Paspabomanvl u sxcnepumenmanvuo onpo608anvl Memoovl (QYHKYUOHATUZAYUU Y2NePOOHbIX
HAHOMpPYOOK Nymem NPUsUSKU AMUHOSPYNN U DNOKCUOHBIX epynn. Paspabomarnsl memoouxu cenex-
MUBHO20 MOOUPUYUPOBAHUS 2pagheHa U YeaepOOHbIX HAHOMPYOOK HaHOYAcmuyamu meou, Kooab-
ma u oxcuoa cenesa. HOJZy'-teHbl IKcnepumenmalbHvle Oanmnvle 8 MUKPOBOJIHOBOM UYACNIOMHOM
ouanaszone (2637 I'Ty) u 6 nuzxouacmomnou oonacmu (20 I'y — 1 MI'y) u nposeden cpasHumeb-
HbIU aHaIu3 OJIEKMPOMACHUNTHO20 OMKIUKA NOJAUMEPHbLIX KOMNO3UMOoO8 C pa31TudHbIMU qbopzwamu
yazepoda 6 Kadyecmee HanojaHumeJiA.

DKCnepumeHmanbHo noay4eHvl QYHKYUOHATUIUPOBAHHbIE VelepOOHble MAmepuanibl U U3y yeHvl
ux OM-ceoticmea. HOKCZS’CZHO, Ymo Komno3umsl Hd OCHO6€ HAHONJIACMUHOK 2paqbeHa C Harnovacmu-
yamu okcuoa dcene3a Gopmupyrom 6 MASHUMHOM NOJe MOHKONIEHOUHble CIMPYKMYPbl CO 3HAYU-
meibHO DoIbULell NIOWAObI0 NOBEPXHOCU, YeM Oe3 NOJ.

Co3zoanwi NOJUMEPHDBIE KOMNO3UNMHbLE MamePUualbl HAd OCHO6€E 3ﬂ€Kﬂ’lp0np0600Hblx nojaumepoe
noausmuaeHouokcumuogena u noaucmupoiacyivgonama (PEDOT:PSS) ¢ manvimu oobaskamu
epaghena, mooughuyuposarnno2o HaHouacmuyamu meou, Kooaiema uiu okcuoa dcenesza. Taxue ma-
mepuailobl 06pa3yrom cmabunvhble NieHKU co ceoﬁcmeaﬂm, onpedeﬂﬂejwbmu HANnoJHuUmenem (SﬂeK—
MPONpoBOOHbIe UL MACHUMHDbLE).

Polymer nanocomposites comprising various forms of nanocarbon: carbon nanotubes, graphite
and thermally expanded graphite are investigated. Epoxy resin, polymethyl methacrylate, polyvinyl
acetate and styrene-biodegradable acrylate (SAC) were used as polymer matrices.

A model describing the formation of the electromagnetic response of multi-walled carbon nano-
tubes of finite and infinite length in the microwave frequency range is created. This model allows us
to estimate the effective permittivity of a disoriented disordered composite with carbon nanotubes.

Methods for functionalization of carbon nanotubes by grafting amino groups and epoxy groups
are developed and experimentally tested. The techniques for selective modification of graphene and
carbon nanotubes with nanoparticles of copper, cobalt, and iron oxide are created.

A comparative analysis of the electromagnetic response of polymer composites with different
forms of carbon in the microwave frequency range (26-37 GHz) and low-frequency range (20 Hz -
1 MHz) is performed. Functionalized carbon materials are experimentally obtained and their elec-
tromagnetic properties are studied.

It was shown that composites containing graphene nanoplates modified with iron oxide nanopar-
ticles form a thin film in a magnetic field structure with a significantly larger surface area than
without the field. Polymer nanocomposites have been synthesized on the basis of conductive poly-
mers: polyethylenedioxythiophene and polystyrenesulfonate (PEDOT: PSS) with additives of gra-
phene nanoparticles modified with copper, cobalt or iron oxide. Such materials form stable films
with properties defined by the filler (conductive or magnetic).

The project is supported by the 2014FCPIR Ne 14.577.21.0141

KuoueBblie c10Ba: yriiepojHble HAHOTPYOKH, MTOJTUMEPHBIE HAHOKOMIIO3UTHI, SJIEKTPOMArHHT-
HBIN OTKIIUK, (I)yHKI_II/IOHaJ'H/BI/IpOBaHHBIe YIIJICPOAHBIC MAaTCpHAJIbI.

Keywords: carbon nanotubes, polymer nanocomposites, electromagnetic response, functiona-
lized carbon materials
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