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TEOPETUYECKAA MEXAHUKA U EE INPUTTIOXXEHUA

YAK 621.71.027 DOI: 10.33979/2073-7408-2022-352-2-3-8

E.B. XPOMOB, 1.H. MOPEBA, JI.C. MOPEB

IKCHEPUMEHTAJIbHBIE HCCIEJOBAHUS BbIHYKTEHHBIX
KOJIEBAHUU BAJIKHA VIS PA3JIMYHbBIX
XAPAKTEPUCTHUK JEMII®UPOBAHUA

Annoranusi. Hccnedosanvr evinyscoennvie useubuvie xonebanus cmanvholl 6aiKU ¢ y4emom 6HYMpeHHe20
mpenusa. Ilpueeden KoauuecmeeHHbIll AHATU3 GIAUAHUA PA3TUYHBIX BAPUAHMO8 Oemnupyiowel @yHkyuu Ha
AMAAUMYOHO-4ACTOMHbIE XAPAKMEPUCTIUKU.

Iokasano, umo nogedenue OCYULIAMOPA 6 OKONO PE3OHAHCHOU OONACU  BbIHYHCOCHHLIX KONeOaHUll
CYWecmeenno 3asucum om ¢hopmvl u napamempos Gyuxkyuu mpenus. [[na nocmpoenuss 00CMAMOYHO MOYHOU
Mamemamuyeckol  MoOenu UCCIe0yeMo20 OCYULIAMOpA ¢ 6HYMPEHHUM MPEeHueM HeoOX00UMO UCHOIb306ab
KOMOUHUPOBAHHYIO (DYHKYUIO MPeHUsl, Napamempsbl KOMOpol O0JACHbL 00ecnedueams 6bINOIHEHUEe 08YX KpUmepues:
coomeemcmaue Meopemuieckoe0 U 9KCHEPUMEHMANbHO20 3HAYEHULl G6PDEeMEeHU 3AMYXAHHS U COOMBEemcmsue
meopemuueckol U IKCNepuUMeHmanbHol gopm ocudarouell IuHuu Koaeoanutl.

KutroueBblie cjioBa: demngupyiowjue c8olcmea, 8blHyNcOeHHble KOIeOAHUsl, PYHKYUS MPeHUsl, OCYUITOSPAMMbL
Konebanuil.
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E.V. KHROMOYV, LN. MOREVA, D.S. MOREV

EXPERIMENTAL STUDIES OF FORCED VIBRATIONS OF A BEAM
FOR VARIOUS DAMPING CHARACTERISTICS

Abstract. Forced bending vibrations of a steel beam are investigated taking into account internal friction. A
quantitative analysis of the influence of various variants of the damping function on the amplitude-frequency
characteristics is given.

It is shown that the behavior of the oscillator in the vicinity of the resonant region of forced oscillations depends
significantly on the shape and parameters of the friction function. To build a sufficiently accurate mathematical model of
the studied oscillator with internal friction, it is necessary to use the combined friction function, the parameters of which
must ensure the fulfillment of two criteria: the correspondence between the theoretical and experimental values of the
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damping time and the correspondence between the theoretical and experimental forms of the envelope of the oscillation
line.
Keywords: damping properties, forced oscillations, friction function, oscillation oscillograms.
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A.B. I1OJIOI'JIOHAH, B.T. MATBEEHKO, A.I'. KIIMMEHKO

OHEHKA 99®PEKTUBHOCTHU YCTAHOBOK OPTAHUYECKOI'O
HUKJIA PEHKUHA HA YACTUYHbBIX HAT'PY3KAX ITPU PABOTE
HA PA3S/IMYHBIX PABOYUX TEJIAX

AuHoTamust. Yemanosxku OLP uacmo pabomarom HaQ NEPEMEHHBIX HASPY3KAX 6 3A8UCUMOCTU OM YCIOGUILL
axenayamayuu. [1oamomy HeodX00UMO MemoOUKY OYEeHKU UX dHEP2oIPDeKmusHoCmu Ol PA3TUYHBIX paboyux mes Ha
yacmuunblx Haepyskax. Ilpeomemom paccmompenuss 6 cmamve AGIAEMCA MAMEMAMUYECKds MoOelb pabonbvl
YCMAaHoBoK opeanuueckoeo yuxia Penxuna (OL[P) ons ymunuzayuu meniomel 3HepeemuyecKux YCHMAHOBOK,
pabomarowux 8 2eHePaAmopPHOM pedcuMe HA YacmuyHblX Hazpyskax. Paspabomannas modenv onucwigaem pabomy
yemanosok OL]P kax ¢ peeenepayueii, max u 6e3 pecenepayuu. I[lokazano, ymo «cyxue» ewecmea MeHbue mepsiom
mownocmo u KIIJ[ npu pabome Ha 4acmuunblx HASpy3Kax, yem «giascuvley 6 ycmanoskax OL[P 6e3 pezcenepayuu.
Yemanoeneno, yumo ons ymunusayuu meniomsl yx00awux 2azo8 naubonee nooxoosuen sgisemces yemarnoska OL[P ¢
pezenepayuetl, NOCKOIbKY MeHbUle Mepsiom MOWHOCMb npu pabome Ha donesvix Hazpyskax. Onpedeneno, wmo cnocod
pecynuposanus npouzeooumenvHocmu ycmarogku OL[P ¢ nocmoanHoU memnepamypoi u nepemMeHHbIM pacxo0om
obecneuusaem ee HAUOOILULYIO P DekmueHocmb npu pabome HA YACTUYHBIX HASPY3KAX.

KunroueBsble ciioBa: opeanuyeckuti yuki Penkuna, pecenepayus meniomol, Xid0azeHm, Ymuiu3ayus meniomel,
YaACMuUYHbLE HASPY3KU.
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A.V. DOLOGLONYAN, V.T. MATVIIENKO, A.G. KLIMENKO

EVALUATION OF THE ORGANIC RANKIN CYCLE PLANT EFFICIENCY
AT PARTIAL LOADS FOR VARIOUS WORKING FLUIDS

Abstract. Organic Rankine cycle (ORC) plants often operate with varying loads depending on operating
conditions. Therefore, a methodology for assessing their energy efficiency for various working fluids at partial loads is
needed. The subject of consideration in the article is a mathematical model of the operation of organic Rankine cycle
plants for the recovery of heat from power plants operating in generator mode at partial loads. The developed model
describes the operation of ORC plants both with and without regeneration. It is shown that "dry" substances lose power
and efficiency less when operating at partial loads than "wet" substances in ORC plants without regeneration. It has been
established that an ORC plants with regeneration is the most suitable for utilizing the heat of exhaust gases, since they
lose less power when operating at partial loads. It has been determined that the method of regulating the performance of
the ORC plant with a constant temperature and variable flow rate ensures its greatest efficiency when operating at partial
loads.

Keywords: organic Rankine cycle, heat regeneration, refrigerant, heat recovery, partial loads.
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MEXAHUKA JE®OPMUPYEMOI'O TBEPLOIO TEJIA,
ANHAMUKA U [TIPOYHOCTb
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B.A.T'OPJIOH, A.A. XAJIXIBKUH, C.A. MAKEEB, B.B. FOHJIAPEHKO

O BJIMSTHUU KOHTAKTA T'PEBHOT'O BAJIA C JEWJIBY THBIM
HOJIIMUITHUKOM HA PABOYEE COCTOSHUME BAJIOITPOBO/JIA

AHHOTAUMA. B pabome uccredyemcsi KOHMAKm 2pedHO20 8aaa 8ANIONPOBOOA C OeUO08YOHBIM NOOWUUNHUKOM.
Onucanvl KOHCMPYKYUSL CaM020 8AlI0NPO600a U OeUcmeyloujue Ha He2o HASPY3KU. YKa3vleaemcs, 4mo HAOENCHOCHb
CY00601 IHEpeeMUYecKoll YCMAHOBKU CYOHA 3A6UCUM OM pabouezo COCMOSHUAL 0el08YOHO20 YCMPOUCmed, KOmopoe
xapaxmepusyemcs GelUdUHOU UBHOCA U ONUHOU KOHMAKMaA 2pebHo20 6ana ¢ camum O0etlo8yOHbIM NOOWUNHUKOM.
Tlpeocmasnenvr 0bwuii 6u0 OetidgyoH020 ycmpoicmea u gopmul uszHoca e2o emyiaox. Paccmampusaemces pacuemnas
cxema 6 eude 6AIKU ¢ NOCMOSHHBIM N0 ONUHE CeYeHUeM, KOMOPAasl ONUPAemcst Ha Ynpy2oe 6UHKIEPO60 OCHOBAHUE C
KOG Puyuenmom scecmrocmu k u nHazpyslceHHOU pacnpedeieHHol Hazpy3Kol om coOCMEEHHO20 8eca 8AONPO8odaA U
COCPe0OmoueHHOU Haepy3Koli om 2epebnozo eunma. Ilpu npoeedeHuu CcmMamuyeckux pacdemos Hpu 3a0AHHbIX
napamempax MenmoooM HAYAIbHbIX NAPAMEMPO8 NOJYUEHbl Pe3VIbmAanibl, KOMOpble NO360IUNU COelamb 00Ul 861600,
YUMo HeNnoIHbIL KOHMAKM 2PeOH020 8aNa ¢ 0et08YOHbIM NOOUUNHUKOM U YIPY2OCHb CAMO20 0eU08YOH020 NOOWUNHUKA
CYWeCBEHHO BIUSIOM HA HANPANCEHHO-0eDOPMUPOBAHHOE COCMOsIHUE BATONPOBOOA U HA CPOK CIYAHCObI Deti08YOHO20
ycmpoticmaa.

KitroueBble ¢JI0Ba: 2pebHol 8an, CyO0080lU BAIONPOBOOD, HAOEHCHOCMb, UBHOC, O0ello8yOHOe YCmPOUCME0,
0eti08yOHbIll NOOWUNHUK, YIPY20e OCHOBAHUE.
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V.A. GORDON, A.A. KHALYAVKIN, S.A. MAKEEV, V.V. BONDARENKO

ON THE INFLUENCE OF CONTACT OF THE PROPELLER SHAFT
WITH THE STUFF BEARING ON THE WORKING CONDITION
OF THE SHAFTING

Abstract. The work investigates the contact of the propeller shaft of the shafting with the stern tube bearings.
The design of the shafting itself and the loads acting on it are described. It is indicated that the reliability of the ship's
power plant depends on the operating condition of the stern tube device, which is characterized by the amount of wear
and the contact length of the propeller shaft with the stern tube bearing itself. A general view of the stern tube device and
the form of wear of its bushings are presented. The design scheme is considered in the form of a beam with a constant
section along the length, which is based on an elastic Winclear base with a stiffness coefficient k and loaded with a
distributed load from the shaft line's own weight and a concentrated load from the propeller. When carrying out static
calculations for given parameters using the method of initial parameters, results were obtained that allowed us to draw
a general conclusion that incomplete contact of the propeller shaft with the stern tube bearing and the elasticity of the
stern tube bearing itself significantly affect the stress-strain state of the shafting and the service life of the stern tube
device.

Keywords: propeller shaft, ship shafting, reliability, wear, stern tube, stern tube bearing, elastic base.

BIBLIOGRAPHY

1. Aleksandrov A.V. Strength of materials / A.V. Aleksandrov, V.D. Potapov, B.P. Derzhavin. - M.: Higher
school, 1995. - 560 p.

Ne 2 (352) 2022 9




Hpnﬁopbl, OHOTeXHHYECKHEe CUCTEMbI M TEXHOJIOTHHU

2. Ashurov A.E. About one way to increase the resource of ship stern tube bearings / A.E. Ashurov, C.B. Gorin,
A.A. Pshenitsyn, C.B. Chuprina // Shipbuilding. - 1997.- No. 2- S. 32-33.

3. Vyazovoi Yu.A. Improving the reliability of shafting with the help of elastic-damping devices / Yu.A.
Vyazovoi, P.A. Garashchenko, V.I. Loktev // Shipbuilding. - 1991. - No. 9. - P.13-17.

4. Garashchenko P.A. Efficiency of ship shafting of various stiffness / P.A. Garashchenko // Bulletin of the
Astrakhan State Technical University. - 2006. - no. 2. - S. 191-195.

5. Denisova L.M. Study of transverse vibrations of propeller shafts / L.M. Denisova, A.l. Mironov // Vestnik
ASTU. - 2005. - No. 2 (25). - S. 98-103.

6. Elizarov V.N. Shortened stern tube bearings / V.N. Elizarov, D.G. Seredin //Sudostroenie, No. 11, 1975. P. 41 - 43.

7. Elizarov V.N. Optimization of the parameters of caprolon stern tube bearings by reducing their radial stiffness
/ V.N. Elizarov, A.V. Smykov // Shipbuilding, No. 11, 1983. P. 23 - 26.

8. Kelzon, A.S. Influence of the stiffness of the stern bearing on the dynamics of the propeller shaft and the
vibration of the stern end of the vessel / A.S. Kelzon, V.G. Muramovich // Reports of the Academy of Sciences. - T. 332.
- 1993. - No. 4 - S. 445-449.

9. Komarov V.V. The state of laying propeller shafts on sterntube bearings // Bulletin of ASTU, series "Marine
equipment and technology". - 2006. - No. 2 (31) - P. 259-267.

10. Lysenkov P.M. Lysenkov, A.Ya. Spivak // Issues of shipbuilding, series "Shipbuilding technology" issue
No. 15, 1977 - P. 62-68.

11. Lysenkov P.M. Ways to improve the manufacturability of stern devices of large-capacity ships / P.M.
Lysenkov, O.M. Pryakhin, M.B. Rubin // Shipbuilding, No. 9, 1980. P. 34 - 38.

12. Mamontov, V.A. Calculation of transverse oscillations of ship shafting, taking into account the length and
rigidity of stern tube bearings / V.A. Mamontov, A.R. Ruban, N.V. Kulichkin, A.A. Khalyavkin // Vestnik ASTU. Marine
equipment and technology series. 2010. - No. 2. - S. 30-33.

13. Mamontov V.A. Wear analysis of caprolon bushings of propeller shaft stern tube bearings / V.A. Mamontov,
A.L. Mironov, Ch.A. Kuzhakhmetov, A.A. Khalyavkin // Bulletin of ASTU, series "Marine equipment and technology".
-2012. - No. 1. - P. 30-35.

14. Rubin M.B. Bearings in marine technology: a Handbook / M.B. Rubin, V.E. Bakhareva.- L.: Shipbuilding,
1987.- 344 p.

15. Khalyavkin A. A., Mamontov V. A., Bondarenko V. V., Ivanovskaya A. V., Loshadkin D. A., Eremitsky P.
V. A method for improving the reliability of stern tube bearings of ship shafting // Bulletin of the Astrakhan State
Technical university. Series: Marine equipment and technology. 2022. No 1, pp. 42—49. https://doi.org/10.24143/2073-
1574-2022-1-42-49.

Gordon Vladimir Alexandrovich Halyavkin Alexey Aleksandrovich

Oryol State University named after I.S. Turgenev, doctor ~KIMRT named after Gen.-Adm. F.M. Apraksin - branch
of technical sciences, professor of the department of of the FSUE VO "VGUVT", cand. tech. sciences;
technical physics and mathematics302026, Oryol, st. associate professor of the department of ship mechanical
Komsomolskaya, d. 95 disciplines

Tel. +7 (4862) 41-98-48 Tel. 8917046082

E-mail: gordon@ostu.ru E-mail: sopromatl 12@mail.ru

Makeev Sergey Alexandrovich Bondarenko Viktor Valentinovich

FSBEI of HE «SibADI»; doctor of technical sciences, LLC "River 21", chief engineer.

professor of the department of building constructions; 142211, Moscow region, Serpukhov, Moskovskoe
644050, Omsk, Prospekt Mira, 5. Highway 84A.

Tel. 89255456491 Tel. 89255456491

E-mail: makeev608079@mail.ru. E-mail: reka21@mail.ru.

MAUIMHOCTPOUTEJIbBHBIE TEXHOJIO A
N O6OPYLIOBAHUE

VIK 621.923 DOI: 10.33979/2073-7408-2022-352-2-26-31

A.B. HEMEHKO, M.M. HUKUTHUH

KOHTPOJIb YCTOHUNBOCTHU PEXKUMA
P ®UHUIITHON OFPABOTKE

AHHOTauMA. [lpednosicen ancopumm  OyewKu  YyCmouduusocmu  pescuma  Quuuwnou  0bpabomku
U320MABIUBAEMO20 U30ETUSL NPU HEUSMEHHbIX napamempax paboue2o npoyecca. B kauecmee kpumepus OOnyCmumocmu
PeArcuMa 83ma KOHEYHOCHb USMEHEHUsl 80 GPEMeHU MO0Vl KOMNIEKCHO20 UHmezpaia om o00600wenHot Gynkyuu
HANPSIICeHUtl, NOIYYEHHOU NO 6HEWHeM) 3aMKHYMOMY KOHmMYpy, oxeamslgaroujemy obpabamuieaemoe uzoenue. Memoo



npUMeHUM OJis u30eauti, OONYCKAOWUX YCMAHOBKY CUCTEMbl OAMYUKO8 8 NIOCKOCHU, NEPREHOUKYTIAPHOU OCU 8PAUEHUSL
06pabamuisaweco UHCMpPYMeHma, e 3a6UCUMOCTU O OPMbL UX BHEUHE20 KOHMYDA

KuroueBble cioBa: ¢unuwmnas obpabomka, winughosanue, noauposanue, YCmoudugoCmsb percumd, memoovl
KOCBEHHO20 KOHMPOTISl, KOMNJIEKCHOZHAYHAS (DYHKYUSL HANPSIHCEHUTI
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A.V.NEMENKO, M.M. NIKITIN

MODE STABILITY CONTROL DURING THE FINISHING
OF A MECHANICAL OBJECT

Abstract. An algorithm for estimating the stability of the mode of finishing the manufactured product with
unchanged parameters of the workflow is proposed. As a criterion for the admissibility of the mode, the finiteness of the
change in time of the modulus of the complex integral from the generalized stress function obtained from an external
closed loop covering the workpiece was taken. The method is applicable to products that allow the installation of a sensor
system in a plane perpendicular to the axis of rotation of the processing tool, regardless of the shape of their outer
contour.

Keywords: finishing, grinding, polishing, indirect control methods, complex-valued stress function.
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O.K. AI'YBOB

OCOBEHHOCTHU NPOLECCA YINIOTHEHUS NOPOIIKOBBIX
AJIIOMUHHUEBBIX CIIJTABOB XOJIOJHBIM ITPECCOBAHUEM

AHHOTANMS. H371001CeHa CYWHOCMb GbINOIHEHHBIX PAOOM NO GbIAGNIEHUI0 HEKOMOPbIX 3aKOHOMEPHOCHeLl
VHIOMHEHUs. OUCHEPCHBIX MAMEPUaios Ha OCHoge antoMurus. H3yueHvl 0coOeHHOCMU YNJIOMHEHUs NpeccosKi
NONYUEHHO20 XONOOHBIM NPeCCO8AHUEM amoMuHuesvix 2panyn. Ilpednodcena cxemamuueckas Mmolenb npoyecca
VALOMHEHUs. CHeputeckux 4acmuy pasno2o pasmepa. B smom niane npoyecc yniomuenus spanyn paccmampugaics 8
Konmexcme mpex omanos. bvlio obnapysceno, umo na nepeom smane Npoucxooum aKmueHoe YWIOMHeHue, 8
pesyavmame KOmopo2o ynakogka 4acmuy nopouika cmaiosumcs 6onee niomuoi. Ha emopom smane, 8 pesyromame
yeenuuenuss 0agieHusl NPecco8anus, NIOWAoU KOHMAKMA YACMUY VEeAUYUSAIOMCs U 00pa3yiomcs 108CHUNbHbLE
NOBEPXHOCMU MPEHUs, YMO YCUIUBACH UX MOJCKYIAPHOe §3aumooeiicmeue u conpomusienue mpenuio. Ilpu nepexode
npeccoganusi om 2-ot cmaduu K 3-my, o0OpasyeMoe OdaslieHue ycunusaem MeXAHUYecKue KOHMAKMbl U Gbl3bléaen
IKCMPY3UI0 YACIUY 68 MUKPONOPbl npeccogku. boavuiue pasnuuus mexicoy pasmepamu panyi Yiyuuiaem 3KCmpy3uio
MEIKUX yacmuy.

Ilpogeden ananuz usMeHeHUs HEeKOMOPLIX MEXAHUYECKUX MNOKA3amenel nOpucmozo KOMNO3UYUOHHOZO
Mamepuana Ha OCHOGe ANOMUHUSL, 8 3A6UCUMOCMU OM npuiazaemozo 0agienus npu ux yniomueruu. C nomowsio
CHeYUATbHBIX YCMPOUCME OCHOBAHHBIX HA MOOENAX CIHCAMUS, NPEeONONCEHHBIX DAZHLIMU UCCAe008amensmu, ObLIo
UBYUEHO USMEHEeHUE OMHOCUMETbHOU NIOMHOCTU NOPUCTO20 MAEPUANA 8 3ABUCUMOCIU O Od8IeHUS Npeccodanus. B
00bIUHOU U NOAYI02APUPMUHECKOU  cucCmemax KoopouHam OaHbl 2paguueckue ONUCAHUA  3A8UCUMOCTEl
OMHOCUMENLHOU RAOMHOCIU GPUKENO8 OM OABNICHUS RPECCOBARUSL, & TNAKHNCE UCXOOHOU MUKPOMEEPOOCHU OM PA3MEPO8
yacmuy. Ilpeocmaenenvt Kpugvle, Xapaxmepusylowjue 6IusHUe OAGNIeHUs NPEccO8anUs KAK HA MUKDOMEEPOOCHb
OPUKEMOB ¢ PA3TUYHBIMU PPAKYUSMU, MAK U HA UX RPOYHOCIb Npu coguze u cocamuu. TTpusedenst popmynvt pacuema,
NO38ONAIOUIUE BLIYUCTUMD NIOWAOU HAYATIBHBIX U MEKYWYUX NOP, 8 3A6UCUMOCIU OM PA3MePd HACUY COCMAGISIOUWUX
@pakyuil, 8 1060 MOMEHM NPULONCEHUSL HAZPY3KU 00 ROTHO20 YNIOMHEHUs NOPOUIKA.

KiroueBble cjI0Ba: OucnepcHvill Mamepuan, ynjiomHeHue, MUKPOTBEPAOCTb, (paxyus, Opukem, OasieHue
npeccoganus, NioWadb KOHMAaKma.
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E.K. YAGUBOV

CHARACTERISTICS OF THE COMPACTION PROCESS THAT OCCURS
DURING COLD PRESSING OF ALUMINUM ALLOYS

Abstract. Some regularities of compaction of al-based disperse materials have been clarified. Features of
compaction of the press in the cold pressing of hand rubs have been studied. A schematic module of the compaction
process in different sizes of spherical particles has been proposed. For this purpose, the process of compaction of rubble
was considered in the context of 3 stages. It was found that in the first stage, high particle packing occurs. In the second
stage, as a result of increasing the pressing pressure, the contact areas of the particles increase, and juvenile friction
surfaces are formed, which enhances their mutual molecular interaction and friction resistance. The pressure created
during the transition from stage 2 to stage 3 of the press strengthens the mechanical contact and causes the particles
entering the micro-pores of the press to flow and extrude. The large number of differences between the fractions of
abrasive particles enhances the extrusion of small particles.

The analysis of the change of some mechanical parameters of the porous Al composition depending on the
compression pressure was carried out. Using special devices, based on compression models developed by various
scientists, the change in relative density during the deformation of the porous material depending on the pressing pressure
was studied.

Graphical descriptions of the relative density of briquettes in the ordinary and semi-logarithmic coordinates for
hand grinding, as well as the dependence of the initial microhardness of the briquettes on the particle size are given.

In addition, curves showing the effect of pressing pressure on the micro-strength of briquettes of different
fractions, as well as on the sliding and compressive strength of briquettes made of different fractures were constructed
and presented. Formulas for calculating the initial and current areas of the pores are given, depending on the size of the
particles inside the fraction, at any time during the application of the load until the compaction is complete.

Keywords: dispersed material, compaction, microhardness, fraction, briquette, pressing pressure, contact area.
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M.A. KY3HELIOB, JI.I1. WJIBAILIEHKO, E.B. BEPXOTYPOBA

N3TrOTOBJIEHUE METAJUIMYECKNX U3JIEJINHA JYTOBBIMH
METOJAMMU IVIABJEHUS CBAPOYHOMU MPOBOJIOKOU

AHHOTaUusA. B pabome npedcmaeien 0630p COBPEMEHHO20 COCMOAHUSL U MEHOCHYUI PA3GUMUsL A0OUNUBHO2O
npousgoocmea. Paccmompenvt ocnoenvle Hanpaeienus pazeumus U MEXHOIO2UHeCKUe OCOOEHHOCMU Memo0os
peanuzayuu 0anHozo Hanpaeienus. Ommeuena aKmyanbHOCMb U NePCHeKMUBHOCMb HANPABNEHUs, OCHOBAHHO20 HA
0y208bIX Memooax niaeieHus 31ekmpooHou npogonoku (GMAW u GTAW). Ilpeonoswcern cnocod nonyuenus cioes
NEKMPOOY208bIM HOCTOUHBIM BLIPAWUBAHUECM NAABAWUMCS DNEKMPOOOM 6 Ccpede 3auumnblX 2a308. JJannbvlii cnocob
OCHOBAH HA ABMOMAMUYECKOU DNIeKMPOOY2080U HANLABKU WIABSUWUMCSL DNEKMPOOOM 8 Cpede 3auumubix 2a308. Llenvio
O0aHHOU pabomul A61emcs anpodayus MexHoI02UY BbIPAWUBAHUS MEMATIUYeCKUX uzleautl Ha paspabomanuom 3d-
npunmepe Ha 0CHOBe AGMOMAMUYECKOU INEKMPOOY2080U HANLABKU NIAGSUUMCS DIEKMPOOOM 8 CPede 3AUUMHBIX 2A308.



Texnonoaus s3axmouaemcs: 6 co30anuu Komnviomepnou 3D modenu uzeomasnusaemoz2o uzdeaus nocpeocmeom CAD
cucmem, KOmopas. 6 OdibHeuuleM pazdueandacs Ha CLOU, NPOSPAMMUPOSAHUU KOOA BbIpAUUBAEMO20 00BeKma,
Hanucanuu npocpammvl ynpaeienus 3d-npunmepom; @opmuposanuu odvekma Ha paspabomannom 3D-npunmepe.
THoxkazana npuHYUNUATLHASL 603MONCHOCTIG NPUMEHEHUSL OaHHO20 Cnocoba Ol NOIYYEHUs MEMAIUYecKUX uU30enu.
Yemanognenvt onmumanshvle pejcumvl 2AeKMpo0y208020 NOCIOUHO20 GblpaUUanus npogoiokol ouamempom 0,8 mm
be30epexmuoil yuruHOpu1ecKol KOHCmMpYKyuu ¢ moawunou cmenku 2-4 mm (cuna moxa 70-80A, nanpscenue 18-20B,
ckopocmu Hannasxku 200 mm/mun).

KaroueBble c10Ba: adoumueHble mexHoio02ul, MemaiiuiecKue usoeius, Haniaeka, NOCIoUHoe gblpawueanue,
Memoo naagneHus: I1ekmpoonou nposonoku GMAW, komneromepuas 3D-modens uzdenus, 3D-npunmep, CAD cucmema,
C8APOYHASL NPOBOJIOKA.

Paboma évinonnena 6 pamkax zocyoapcmeennozo 3aoanus H@IIM CO PAH, nomep FWRW-2021-0003.
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M.A. KUZNETSOV, D.P. ILYASHCHENKO, E.V. VERKHOTUROVA

MANUFACTURE OF METAL PRODUCTS BY ARC METHODS
OF MELTING WELDING WIRE

Abstract. The article describes the Two—way gas burner flame in which the camera has a deadlock design, and
not as typical flow furnace.
Keywords: two—way furnace, furnace processes, variation interval.
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E.A. 3BAT'MHA, C.A.TOJICTBIX, JL.H. KYPAIOMOBA, JI.I'. [TIPOXOPOB, A.B. ITAMP1H

OINITUMU3ALINU ITPOILIECCA JIASEPHOM CBAPKH
TP ®OPMUPOBAHUU 3AT'OTOBKH AETAJIN

AHHOTanMsI. B cmamve npoeedén ananus OauHbiX no UMNYIbCHOU TA3EPHOU C8aApKe, NO360MIOUUT ONpeOelumy
Hauboiee 3HAYUMbBIE AKMOPbL U UX YPOBHU NPU OP2AHU3AYUU U NPOBEOeHUU NOIHO20 (PAKMOPHO20 IKCHEPUMEHMA C
HOCNIEOVIOWUM NOCMPOCHUEM MAMEMAMUYECKOl MOOelU C Yebl0 OCYWeCmEIeHUs. YIPAGNeHUs NpoYeccom 6
NPOU3800CMBEHHBIX YC0BUAX OJIsl NOTYUEHUS KAYeCMBEHHO20 C8APHO20 COEOUHEHUS.

KuroueBble cji0Ba: nasepras ceapka, Memasl, MOHKUI TUCH, UMRYIbC, NAPaAMempul npoyecca.
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E.A. ZVYAGINA, S.A. TOLSTIKH, L.N. KURDYUMOVA,
D.G. PROKHOROV, A.V. SHAMRIN

OPTIMIZATION OF THE LASER WELDING PROCESS WITH FORMING
A BLANK PART

Abstract. The article analyzes data on pulsed laser welding, which makes it possible to determine the most
significant factors and their levels when organizing and conducting a full factorial experiment, followed by the
construction of a mathematical model in order to control the process in production conditions to obtain a high-quality
welded joint

Keywords: laser welding, metal, thin sheet, impulse, process parameters.
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J.A KA3bMHH, A.C. TAPAITAHOB, JL.IO. ®POJIEHKOBA, A.A. YEPEIIEHBKO

MATEMATHYECKOE MOJIEJIMPOBAHHUE ITPOLIECCA
ITPEABAPUTEJIBHOI'O HAPE3AHUM KPYI'OBBIX 3YBBEB
HUINHAPHUYECKHUX KOJIEC

AHHOTANMSI. B cmambe nOKA3aHo, 4mo Hape3anue YUIUHOPUYECKUX KOIeC C KPY2o8biM 3Y60M CYUeCmBeHHO
omauyaemcss Om mMexHoNocuu 00pabomKu CMAHOAPMHBIX YUTUHOPUUECKUX KONeC. YCMmAaHo6leHo, umo, yuumvlédst
mMpyooemMKOCmb  UX NOAYHeHUs, YelecoOOPA3HO UCNONb306amb  GUPNIYATbHbIE MOOeIU (HOpMOoOpA306aHUs U
KOMNIEKCHO20 Memood aHAanu3a U YnpaeieHus Ae3eutinou obpabomku. I[Ipedcmasnenvl smanvl  paspabomku
MamemMamuyeckol MOO0enu Npoyecca HApes3aHus YUIUHOPUYECKO20 KOLecd, NO3GONAIOWULL  U3YATUUPOSANb
dopmoobpazosanue 3y66e6 Oemanu, u NPUEEOeHbl NPUMEPbL UCHOIb306AHUSL NPEONA2AeMO20 Memood.

KawueBble ci10Ba: kpyzogas nepedayd, MAmeMamuieckoe 0OmoopajiceHue, SuUpmydibHoe npeoCcmasieHue
npoyecca oopadbomku.

CIIMCOK JIMTEPATYPBbI

1. Bacun B.A. O6paboTka apodHbIX 3yObeB mumHApraeckux koiec / B.A. Bacun, M.H. Bo6kos, I'.M. letinus //
CTHH.2005. - Ne 4. - C. 26-29.

2. BunorpanoB A.H. Tounocts Hape3aHus KoJiec ¢ apounbiMu 3yObsiMu / A.H. Bunorpanos, C.1. Jlunaros,
P.b. Mapromnur // «TexHonorus MammHoctpoeHus», Ne 9, 2013. C.23-27.

3. a6nvsckast T.H. KoMOHHUPOBaHHEIH cIIOCO0 00paOOTKY IMITHHIPHYESCKIX 3y0UaThIX KOJIEC C KPYTOBBIM 3yOOM //
Marepuaibl MEKIYHapOJHOTO HAay4HOTO CHMIIO3MyMa TEXHOJIOroB-MammHoctpoutenell «Haykoemkne u BHOPOBOJIHOBBIC
TEXHOJIOTHU 00PaOOTKH JIETACH BEICOKOTEXHOJOTHYHBIX H3ienuiiy. — PoctoB-Ha-Jlony: ATV, 2018 . — C. 82-85.



4. MakanoBa O.A. OOopymoBaHWe ¥ HMHCTPYMEHT JJIS M3TOTOBJICHUS KOJIEC C apOYHBIMH 3YObsIMH
/ O.A. MakamoBa, [1.C. Py6un//Hay4dHo- TexHu4eckuil >xypHan: DyHIaMeHTaIbHbIE W TPUKIAIHBIE MPOOIEMBI

TEXHUKHU U TexHoiorun — Ne3-3(293), 2012r.

5. ITapmmua  A.H. Pa3pabotka MeTOI0B

aHams3a,

CHUHTEC3a 3alfCIUICHUA W HU3TOTOBJICHUA apOYHBIX

IWIMHIPHYECKUAX 3yO0UaThIX Kojiec [TeKCT]: aBTOpedepar kaui. TexH. Hayk / [Tapmmu A.H. Mocksa, 2008.- 16 c.

Ka3zpmun [lennc AuapeeBuny

OI'Y umenu U.C. Typrenesa,

acTIpaHT Kagenpbl MAITUHOCTPOSHHS
302026, r. Open, yi. MockoBckast, 1. 34
Temn.: +7906570738

e-mail: kazmin96@inbox.ru

Tapananos Anexcanap CepreeBuy
OI'Y umenu U.C. Typrenesa, A.T.H.
npocdeccop Kadeapbl MaTMHOCTPOCHUS
302026, r. Open, yi1. MockoBckas, 1. 34
Ten.: + 79202877774

e-mail: awj@list.ru

®ponenxosa Jlapuca IOpreBHa
OI'Y umenu U.C. Typrenesa, A.T.H.
3aB. Ka)eIpbl MAIIIMTHOCTPOCHHUS
302026, r. Opemn, yin. MockoBckas, 1. 34
Ten.: +79065681118

e-mail: larafrolenkova@yandex.ru

YepeneHbKo Apkaanii AHATOJbeBHY
OI'Y umenu U.C. Typrenesa, A.T.H.
npodeccop kadeIpbl MaIIMHOCTPOCHHS
302026, r. Open, yi. MockoBckas, a. 34
Ten.: + 79536186677

e-mail: arkan@nxt.ru

D.A. KAZMIN, A.S. TARAPANOV, L.Yu. FROLENKOVA, A.A. CHEREPENKO

MATHEMATICAL MODELING OF THE PROCESS OF PRE-CUTTING
CIRCULAR TEETH OF CYLINDRICAL WHEELS

Abstract. The article shows that the cutting of cylindrical wheels with a circular tooth differs significantly from

the processing technology of standard cylindrical wheels. It was found that given the complexity of obtaining it is
advisable to use virtual models of shaping and a comprehensive method of analysis and control of blade processing. The
stages of developing a mathematical model of the process of cutting a cylindrical wheel that allows you to visualize the

shaping of the teeth of the part are presented and examples of using the proposed method are given.
Keywords: circular transmission, mathematical mapping, virtual representation of the processing process.
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E. 0. KPVIIEH4, JL.IO. ®POJIEHKOBA, A. I1. HIMIIKWHA, E. IL.LKPbII'MTHA

®UHUIITHASI ONEPAIIMSI BABPAIIMOHHOM MMPOTUPKHU JTETAJIEN
C IIPUMEHEHHWEM CPE/]l OP'TAHUYECKOI'O ITPOUCXOKJAEHUA

AHHOTAIMS. B cmamve RNOKA3aHA AKMYAIbHOCMb U HAYYHAS 3HAYUMOCHb NPUMEHEHUs npoyecca
BUOPAYUOHHOU NPOMUPKU HA PUHUWHBIX dmanax obpabomku demaneil. [Ipedcmasnenvi pe3yibmanmvi MeoPemuieckux
U NPAKMUYECKUX UCCIe008AHUL NPOMUPKU 00pabomanHslx demanetl nocie udpoadpasusHoOU omoeioUHol 0OpabomKu
¢ npumenenuem COJK. [lpeonoscena moodenb npouzsoOUMENbHOCMU —NPOYecca RPOMUPKU,  PACUUPAIOUAs.
MeXHON02UHeCKUe 803MONCHOCU UOPOOOPADOMKIU CPeOAMU OPLAHUYECKO20 NPOUCXOHCOEHUSL.

Kniouesvie cnoea: eubpayuonnas npomupka, OpeaHuyeckue 2pamyivl, YOaleHue dNICUOKOCMU, NOPO208dst
amnaumyoa.
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E.Y. KRUPENYA, L.YU. FROLENKOVA, A.P. SHISHKINA, E.P. KRYGINA

FINISHING OPERATION OF VIBRATION WIPING OF PARTS
WITH THE USE OF ORGANIC MEDIA

Abstract. The article shows the relevance and scientific significance of the use of the vibration wiping process
at the final stages of processing parts. The results of theoretical and practical studies of the wiping of machined parts
after vibro-abrasive finishing treatment with the use of coolant are presented. A model of the performance of the wiping
process is proposed, which expands the technological capabilities of vibration treatment with organic media.

Keywords: vibration wiping, organic granules, liquid removal, threshold amplitude.
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A.B. HEMEHKO, M.M. HUKUTHUH

PUHUIITHASA OBPABOTKA BHEOCEBOI'O
ITAPABOJIMYECKOTI'O 3EPKAJIA

AHHOTaUMA. [Ipednoscena memoouxa QuHUWHOU 00PAOOMKU 3EPKATbHOU NOBEPXHOCMU BUOA BHEOCEB020
napabonouda, OCHOBAHHAS HA 8bIOOPE 3AKOHA CHAMUSL NPUNYCKA NPU WAUGO8anuu c60600HbIM abpasusom. [lanvHeliuiee
HOMUPOBAHUE NPEONONALAeMCs NPOUBOOSUUMCS N0 CHepUecKoti NOBEPXHOCMU, KOMOPAsi NOCAE CHMUSL HAZPY3KU
MPAHCHOPMUPYEMCs 8 UCKOMYIO HOBEPXHOCTb 6HEOCEB020 NAPaboIouod.

KioueBble cjioBa: uruwmnas obpabomxa, 6Heocedol napabonoud, uwiiugosauue, NOIUPOBAHUE,
HANpagneHHulil us2uo.
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A.V.NEMENKO, M.M. NIKITIN

OFF-AXIS FINISHING PARABOLIC MIRROR

Abstract. A technique for finishing a mirror surface of the form of an off-axis paraboloid is proposed, based on
the choice of the law for removing the allowance during grinding with a free abrasive. Further polishing is assumed to
be carried out on a spherical surface, which, after removing the load, transforms into the desired surface of an off-axis
paraboloid.

Keywords: finishing, off-axis paraboloid, grinding, polishing, directional bending.
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NCCIEJOBAHMS IOMATOK TYPBUH ABUAIIMOHHBIX
I'A3OTYPBUHHBIX /IBUT'ATEJIEA B IIPOLHECCE 9KCIIVIYATALIUHN

AHHOTAUMS. B cmamobe npedcmagnenvl 3aK0Hbl OKUCIEHUA U SHAUEHUS. NOMePU MACCbL HCAPONPOUHBIX CNIABO8
om memnepamypul U epemeHu @vldepiicku. Ilpusedenvl pesyibmamuvl UCCICO08aHUL pabOMbl TONAMOK MYypOuH 6
npoyecce KCHIyamayuyl u 8 pe3yivmane OIUMeNbHbIX UCHbIMAHUL, HA OCHOBAHUU KOTOPBIX 8bIpAOOMaHsl mpebdosanus
K NOKPbIMUAM TONAMOK MYPOUH A8UAYUOHHBIX 2A30MYPOUHHBIX 08ucameel.
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V.D. KOVALEV, V.P. PANKOV, V.P. GERASIMOV, M.V. STEPANOVA

STUDIES OF TURBINE BLADES OF AVIATION GAS TURBINE
ENGINES DURING OPERATION

Abstract. The laws of oxidation and the values of mass loss of heat-resistant alloys from temperature and
holding time are presented. Studies of the operation of turbine blades during operation and as a result of long-term tests
have been carried out on the basis of which requirements for coatings have been developed.

Keywords: gas turbine engine, heat-resistant alloy, turbine blade, coating, thermal barrier layer, binder
coating, durability.
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MALUIMHOBELONEHUE U MEXATPOHUKA

VIK 62-231.1 DOI: 10.33979/2073-7408-2022-352-2-83-93
©.®. XABUBYJIJIMH, P.T. UCJIAMOB, A.B. TAXHWGAEBA, B.H. KPbIMOBA

KHNHEMATHUKA XAPAKTEPHBIX TOYHEK IPOCTPAHCTBEHHOI'O
SR MEXAHU3MA

AHHOTamMsI. B dannou cmamve npedcmagieHo obveounenue 08yX npocmpancmeenuvix 4R mexanusmos, 6
KOMOpbIX Y20l CKpewjuganus oceti cmanunvl (az) pasen 90°. Ha ocnosanuu nomyueHHO20 MeXanusma npou3eeoeHvl
pacuemul y2no6ol CKOpOCMU BbIXOOHO20 36eHA MEXAHUBMA U Y2l08020 YCKOpeHus xapakmeprou mouxu. Onpedenena
3A8UCUMOCIb Y2lld NOBOPOMA 8e00MO20 36€HA 6 3ABUCUMOCTU OM Y2ld NOBOPOMA 8edywje20 36eHd, a MaKice
3A8UCUMOCIU Y2NI08OL CKOPOCTU U Y2I08020 YCKOPEHUS, NOAYHEHHBIX HA OCHOBAHUU AHANU3A NPOCMPAHCINGEHHO20 4R
mexanuzma. Ilocmpoenvl epaghuku, onucvigaiowjue yeno8yio CKopocms 0AIaHCupa u yenosoe YCKopenue XapaKmepHou
MOUKU, A MAKKHCe 2PAPUKU NOTOHCEHUSI PAOUYC-BEKIMOPO8, 2PAPUKU CKOPOCHU U YCKOPEHUsl XapAKMepPHOU MOYKU.
Ocoboe sHumanue yoeieHo TUHEUHOU CKOPOCMU U YCKOPEHUIO, KOMopble HeobX00umbl 0Jisi ONpedeneHus NPOYHOCHIHbIX
pacuemos 21eMeHmog npUeooa U BbIAEIEHUL NPOYECCOB, BbINOIHAEMIX XAPAKMEPHBIMU MOYKAMU.

KaroueBsle ciioBa: npocmpancmeentulii Mexanusm, nR mexanusm, npugoo, Kpusouiun.
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F.F. KHABIBULLIN, R.T. ISLAMOV, A.V. TAZHIBAYEVA, V.N. KRYMOVA

KINEMATICS OF CHARACTERISTIC POINTS OF SPATIAL
SR OF THE MECHANISM

Abstract. This article presents a combination of two spatial 4R mechanisms in which the angle of intersection
of the axes of the bed (o) is 90 °. Based on the obtained mechanism, calculations of the angular velocity of the output
link of the mechanism and the angular acceleration of the characteristic point are made. The dependence of the angle of
rotation of the driven link depending on the angle of rotation of the leading link, as well as the dependence of the angular
velocity and angular acceleration obtained based on the analysis of the spatial 4R mechanism, is determined. Graphs
describing the angular velocity of the balancer and the angular acceleration of the characteristic point are constructed,
as well as graphs of the position of radius vectors, graphs of the velocity and acceleration of the characteristic point.
Particular attention is paid to linear velocity and acceleration, which are necessary to determine the strength calculations
of the drive elements and identify the processes performed by characteristic points.

Keywords: Spatial mechanism, nR mechanism, drive, crank.

BIBLIOGRAPHY

1. Gotlib, B.M. Vvedenievspecial'nost' «Mekhatronikairobototekhnika»: kurslekcij/ B.M. Gotlib, A.A.
Vakalyuk. — Ekaterinburg: UrGUPS, 2012. — 134 [2] s.

Ne 2 (352) 2022 27




Hpnﬁopbl, OHOTEeXHUYECKHE CUCTEMBbI U TEXHOJIOTHH

2. Aleksandrov A.V. Mehatronika i sistemi upravleniya. Izd vo Moskovskii Politeh. Moskva. 2021.
123 s. 3. Poduraev Yu.V. Osnovi mehatroniki  Uchebnoe posobie. M. MGTU «STANKIN» 2000 80 s.

4. T. Isii_ I. Simoyama_ H. Inoue  M.Hirose_ N. Nakadzima Mehatronika Per. s yapon./ Isii T.
SimoyamaI. M 55Inoue H.idr. M. Mir 1988. 318s.

5. Mudrov A.G._ Sahapov R.L. Sintez shestizvennogo prostranstvennogo mehanizma_ Tehnika i
tehnologiya transporta. 2019. Ne S _13,. S. 18.

6. Habibullin F.F. Mudrov A.P. Yarullin M.G. Opredelenie dinamicheskih parametrov
prostranstvennogo 4R mehanizma Sovremennoe mashinostroenie. Nauka i obrazovanie. 2019. Ne 8. S.
341 3547. Habibullin F.F., Dihtyarenko A.A. Proektirovanie privodov mekhatronnyh ustrojstv na baze
prostranstvennyh 4R mekhanizmov: Novye materialy, oborudovanie i tekhnologii v promyshlennosti. Materialy
Mezhdunarodnoj nauchno-tekhnicheskoj konferencii molodyh uchenyh. Redkollegiya: M.E. Lustenkov (gl. red.)
[i dr.]. M®gNmd282A.S.79ahapov R.L., SHestizvennyj sharnirno-rychazhnyj mekhanizm; patent na izobretenie
RU 2713662 C1; Rossiya, zayavka Ne 2019112698 ot 25.04.2019, data opublikovaniya 06.02.2020.

9. Ivanov A.G., Vorob'eva N.S., Sintez optimal'nyh algoritmov peremeshcheniya rabochego organa
robotizirovannogo propol'shchika dlya tochechnogo udaleniya sornyakov, V sbornike: NAUCHNOE
OBOSNOVANIE STRATEGII RAZVITIYA APK I SEL'SKIH TERRITORIJ V XXI VEKE. materialy
Nacional'noj nauchno-prakticheskoj konferencii. Volgograd, 2021. S. 72-78.

10. Vorob'eva N.S., Stabilizaciya prostranstvennogo polozheniya manipulyatora parallel'no-
posledovatel'noj struktury, Izvestiya Volgogradskogo gosudarstvennogo tekhnicheskogo universiteta. 2021. Ne
9 (256). S11Tvahov A.G., Vorob'eva N.S., Kinematika dvizheniya manipulyacionnogo mekhanizma
robotizirovannogo propol'shchika pri  vypolnenii tekhnologicheskogo processa propolki, Izvestiya
Nizhnevolzhskogo agrouniversitetskogo kompleksa: Nauka i vysshee professional'noe obrazovanie. 2021. Ne 4
(64). S. 452-Ai1'dacva K. ZH., Duzdibaeva A. S. Problemy v sovremennoj rossijskoj kosmonavtike // Problemy
sovremennoj ekonomiki: materialy IV Mezhdunarodnaya nauchnaya konferenciya (g. CHelyabinsk, fevral' 2015
g.). — CHelyabinsk: Dva komsomol'ca, 2015. — S. 29-31.

13. Zelenskij A. A., Ilyuhin YU. V., Gribkov A. A. Pamyat'-centricheskie modeli sistem upravleniya
dvizheniem promyshlennyh robotov // Vestnik Moskovskogo aviacionnogo instituta. 2021. T. 28. Ne 4. S.. DOI:
10.34759/vst-2021-4-245-256

Khabibullin Fanil Fargatovich Tazhibaeva Alexandra Valeryevna

Kazan National Research Technical University named Kazan National Research Technical University named
after A. N. Tupolev - KAI, Kazan after A. N. Tupolev - KAI, Kazan

Candidate of Technical Sciences, Associate Professor of KNITU-KAIAssistant

KNITU-KAI 420000, Kazan, Karl Marx str., 10

420000, Kazan, Karl Marx str., 10 Ph.: 89872231720

Ph.: 89196326896 E-mail:AVTazhibaeva@kai.ru

E-mail:fanil_arsk@mail.ru

Islamov Rinat Tagirovich Krymova Victoria Nikolaevna

Kazan National Research Technical University named Kazan National Research Technical University named

after A. N. Tupolev - KAI, Kazan after A. N. Tupolev - KAI, Kazan

graduate student of KNITU-KAI KNITU-KALI student

420000, Kazan, Karl Marx str., 10 420000, Kazan, Karl Marx str., 10

Ph.: 89083499799 Ph.: 89655822151

E—mail:Rinat.Islamov@tpprt.ru E-mail: vikulka 18 01@mail.ru

YVIK 621.82 DOI: 10.33979/2073-7408-2022-352-2-94-97
10.C. KOPHEEB

CHUHTE3 U IPUMEHEHME ITYCKO3AIIUTHBIX MY®T B IIPUBOJJAX
TEXHOJOI'MYECKUX MALILINH

AHHoOTaUMs. B cmamve npusedena cucmema ypasHeruil, ONUCbIBarOwds pabomy 08yxmacco8ol OUHAMUYECKOl
MOOenU MexXHON0UYEeCKOU MAuuHbl, 060pYO0BAHHOU NYCKO3aWUMHOU Mydmoti. Hccredosanus nokasanu eiusHue Kax
MOMEHMA CONPOMUBTIEHUS MAWUHBL, MAK U pe3Koe U3MeHeHUe MOMEeHMA UHepYUU O8UNCYWUX MACC HA U3MeHeHUe
KUHeMAmuyecKux napamempos.

KuaroueBble cjioBa: myghma, momenm, mawuna
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YU.S. KORNEEV

SYNTHESIS OF START-UP CLUTCHES IN DRIVES
TECHNOLOGICAL MACHINES

Abstract. The article presents a system of equations describing the operation of a two-mass dynamic model of
a technological machine equipped with a start-up clutch. Studies have shown the effect of both the moment of resistance
of the machine and the sharp change in the moment of inertia of the driving masses on the change in kinematic parameters.
Keywords: clutch, moment, machine.
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P.H. IIOJISIKOB, M.3. BOHIAPEHKO, A.B. 'OPUH, H.B. TOKMAKOB

CTEHJI JIUIsI DKCIIEPUMEHTAJIBHBIX UCCJIEJIOBAHUI
KOMBUHUPOBAHHOM OITIOPHI

AHHOTAIMSL. B crmamoe paccmampugaemcst Cmeno 05l SKCNePUMEHMAbHBIX UCCIeO08AHUT KOMOUHUPOBAHHOL
onopoi. [Ipedcmasnensi IKCNEPUMEHMATbHbBIE UCCIEO0B8AHUSL HCECMKOCIU U OCMAPUPOBAHUS KOMOUHUPOBAHHOU ONOPbL.
Hannoe uccnedosanue HeobXO0UMO C Yenvio NPOGepKU pabomocnocoOHOCMU KOMOUHUPOBAHHOU ONOPbI, d MAKICe
sepuurayuu pazpabomanHoll panee mamemamuieckoiu mooeiu. B pabome npedcmaeneno onucauue ucciedyemoll
ONnopsl U IKCHEPUMEHMATLHO20 cmeHOd. Onucana uH@GOPMAyUOHHO-UIMEPUMENbHA cucmema coopa u obpabomxu
ungopmayuu.  Pezynemamel  ucnvlmanuii  CPAGHUSANUCH C  YUCTEHHBIMU — PE3VIbMAMamil  MaAmeMamuyecKo2o
MOOENUPOBAHUSL.

KuaroueBsble ciioBa: sicecmrocms, 0eMnuposanie, KOMOUHUPOBAHHASL ONOPA, IKCNEPUMEHMATbHBIL CINEHO.
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R.N. POLYAKOV, M.E. BONDARENKO, A.V. GORIN, N.V. TOKMAKOV

STAND FOR EXPERIMENTAL STUDIES COMBINED SUPPORT

Abstract. The paper considers questions of experimental research of stiffness and damping of a hybrid bearing.
This research is required to check adequacy of the developed theoretical basics and applicability of a high-speed rotor
to real operation. The paper presents description of the hybrid bearing and a test rig, choice of controlled and measured
parameters, elements of the control and measurement system. The test results have been compared to numerical results
of mathematical modeling.

Keywords: stiffness, damping, hybrid bearing, test rig.
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A.B. KOPHAEB, A.C. PETUCOB, M.A. TOKMAKOBA, 11.B. POJJUYEBA

CPABHUTEJIbHBIN AHAJIN3 PE3YJIbTATOB
IKCIIEPUMEHTAJIbBHBIX UCCJIEJOBAHUHA
MAT'HUTOPEOJIOTHYECKOMU OITIOPBI CKOJIB)KEHUSA

AHHOTanMs. B pabome u3iodicenvl pe3yibmamovl aHAIU3Ad KOMNIEKCHO20 MEeOPemuK0-3KCnepUMeHmaibHO20
UCCIe008AHUSL MASHUMOPEONIOSUYECKOU Onopubl cKobdcenus. Ilpedcmasnenvl 00wull 6U0 UMUMAYUOHHOU MOOeU,
IKCNEPUMEHMANbHBIN CMEHO Ol HAMYPHBIX UCHLIMAHULL U UHQOPMAYUOHHO-USMEPUMENbHAS CUCEMA HA OCHOBE
Bruel&Kjaer. [Ipusedenvt Oannvle napaiieibHbIX Onvlmos. 0anHsie gubponepemewjenuti pomopa no ocu X. Iokaszarul
pe3yibmamyvl  IKCHEPUMEHMATbHBIX  UCCAe008AHUT, TNPOBEOCHHBIX NPU HOMOWU CUCTEMbl  BUOPOAKYCMUYECKUX
usmepenuii Bruel&Kjaer. Onucanvt amniumyOoHo Yacmommuvle Xapakmepucmuku cucmemvl. Jlanvl pekomenoayuu no
oanvretiuemy pazeumuio u NPUMEHEeHUIO0 KOHYeNyuy MA2HOMopeoI02Uuteckol Onopbl NOOWUNHUKA CKOTbIICEHUSL.

KiwueBble €J10Ba: nOOWUNHUK, CKONbICEHUE, CUCMEMA YNPAGLEHUs, NAPAMEMPbL, MACHUMOPEON02UYeCKAsl
cmaska.

Paboma noozomosnena é pamkax evinonnenus npoekma POOU Ne 19-38-90259 «HUccnedosanue ounamuxu
POMOPO6 HA ROOWURHUKAX CKOTbIHCEHUSA RPU CMA3KE PEOMAZHUMHBIMU HCUOKOCIAMUY.
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A.V.KORNAEV, A.S. FETISOV, M.A. TOKMAKOVA, I.V. RODICHEVA

COMPARATIVE ANALYSIS OF THE RESULTS
OF EXPERIMENTAL INVESTIGATIONS
OF A MAGNETOREOLOGICAL FLUID-FILD BEARING

Abstract. The paper presents the results of the analysis of experimental studies of the magnetorheological
sliding bearing. A general view of the simulation model, an experimental stand for national tests and a control and
measuring system based on Bruel & Kjaer are presented. The data of parallel experiments are given. data of the rotor
vibrodisplacements along the X axis. The results of experimental studies carried out using the Bruel & Kjaer
vibroacoustic measurement system were revealed. The amplitude-frequency characteristics of the system are described.
Recommendations are given for the further development and application of the concept of magneto-rheological plain
bearing support.

Keywords: research, bearing, sliding, control system, parameters, magnetorheological lubrication.
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A.C. ETHCOB, I0.H. KA3SAKOB

AJI'OPUTM UHTEJVIEKTYAJIBHOI'O YIIPABJIEHUSA POTOPHBIMHA
MAIINHAMMU C HOAIIUITHUKAMU KUJIKOCTHOI'O TPEHUA
ITPU CMA3KE MATHUTOPEOJIOI'MYECKUMH KNUAKOCTAMHU

AHHOTAUMs. B pabome npedcmasieHvl pe3yibmamsl Meopemuieckux U IKCNePUMEeHMAIbHbIX UCCIe008AHULL
Xapakmepucmux MAazHUmopeoi0cuieckux noOWUNHUKOS HCUOKOCMH020 mpeHus. Ha ocnoge ananusza nonyueHHvlx
Ppe3yIbmamos Ccoeian 6vle00 O NEPCHeKMUGHOCMU UCHOIb308AHUSI MEmMO008 AKMUGHO20 YHPAGIeHUs pabouumu
XapaxkmepucmuKam MasHumopeoni0SuiecKux NoOWUNHUKO8 HCUOKocmHo2o mpenus. [lpusedeno onucanue areopumma
VIPAGIeHUs. HA OCHO8e Memoda 2nybokoeo Q-azenma.

KiaroueBble ¢JI0Ba: nOOWUNHUK JHCUOKOCMHO20 MPEHUs, MASHUMOPeOI02UYeCKas CMAsKd, YRpasieHue,
Memoobl MAWUHHO20 00YYeHU.
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CIIMCOK JIMTEPATYPbI

1. Deckler, D.C. Simulation and Control of an Active Tilting—Pad Journal Bearing / D.C. Deckler, R.J. Veillette,
M.J. Braun, F.K Choy. // STLE Tribology Transactions. — 2000. — Vol. 47. — P. 440-458.

2. An, W. Model-Based Control of Active Tilting—Pad Bearings / W. An, C. Zhijun, M.S. de Queiroz //
IEEE/ASME Transactions on Mechatronics. — 2008. — Vol. 12, Issue 6. — P. 112-122.

3. Cai, Z. Adaptive control of active tilting—pad bearings / Z. Cai, M.S. de Queiroz, M.M. Khonsari // Proceedings
of the American Control Conference. — 2003. — Vol. 4. — P. 2907-2912.

4. Santos, I.F. Design and Evaluation of Two Types of Active Tilting Pad Journal Bearings / I.F. Santos. — The
Active Control of Vibration. Mechanical Engineering Publications Limited, 1994. — P. 79-87.

5. Haugaard, M.A. On Controllable Elastohydrodynamic Fluid Film Bearings. DTU Mechanical Engineering,
PhD thesis. —2011. — 182 p.

6. Santos, 1. F. Feasibility of Applying Active Lubrication to Reduce Vibration in Industrial Compressors / I. F.
Santos, R. Nicoletti, A. Scalabrin / ASME Journal of Engineering for Gas Turbine and Power. — 2004. — Vol. 126, Issue
4.—P. 888—894.

7. Kytka, P. Application of Feedforward—Disturbance-Compensation and Input— Shaping to a Machine z—Axis
in Active Hydrostatic Bearings / P. Kytka, B. Riemann, R. Nordmann // Proceedings of the 9th International Conference
on Motion and Vibration Control. — 2000. — P. 445 — 454.

8. Aguirre, G. Dynamic stiffness compensation with active aerostatic thrust bearings / G. Aguirre, F. Al-Bender,
H. Van Brussel // Proceedings of the International Conference on Noise and Vibration Engineering. ISMA, Leuven,
Belgium. — 2008. — P.105-118.

9. Xiaohu Wang. Dynamic characteristics of magnetorheological fluid lubricated journal bearing and its
application to rotor vibration control / Xiaohu Wang, Hongguang Li, Ming Li, Huiyu Bai, Guang Meng, Hua Zhang //
jve international Itd. journal of vibroengineering. - 2015. — Vol.17 (4). — P. 1912-1927.

10. Dimitrios A. Bompos CFD simulation of magnetorheological fluid journal bearings / Dimitrios A. Bompos,
Pantelis G. Nikolakopoulos // Simulation Modelling Practice and Theory. — 2011. - Vol.19. — P. 1035-1060.

11. H. Urreta. Hydrodynamic bearing lubricated with magnetic fluids / H. Urreta, Z. Leicht, A. Sanchez, A.
Agirre, P. Kuzhir, G. Magnac // Journal of Intelligent Material Systems and Structures. — 2009. - Vol. 0. — P.9. DOI:
10.1177/1045389X09356007

12. ®etrcoB A.C. Omopa CKOJbXEHHSI C U3MEHSEMBIMH JUHAMUYCCKUMHU XapaKTEPUCTHKAMH: PE3yJIbTaThl
MOJICTTUPOBaHUS W BepUQPHUKAIUA MONTyIeHHBIX pe3yibTatoB / A.C. @erucos, A.B. KopHaes // ®yHaameHTanbHbIe U
NIPUKIJIaAHbIE IPOOJIEMBI TEXHUKU B TexHosoruu. — 2021. — Ne2 (346). — C. 140-146.

13. ®etucoB A.C. DKCIEpUMEHTANBHBIA CTESH]T JUTSl UCCIICIOBAHKS T€OMArHUTHBIX OMOP CKOJIbxkeHus / detucos
A.C., 3aniomens f., boanaperko M.D., Tropun B.O. // UzBectus Tymnbckoro rocyaapcTBeHHOT0 yHUBepcuTeTa. — 2019.
- Ne3. - C. 376-380.

14. ®etucoB A.C. Marnutopeosoruyeckasi omopa CKOJBKEHUSA: PE3YJbTaThl JKCIEPUMEHTAIBHBIX
nccnenoBanuit/ A.C. ®etrcoB // DynaaMeHTaIbHBIC U IPUKJIAIHBIC TPOOIeMbl TEXHUKU U TexHonoruu. Nel(345), 2021.
C. 77-82.

15. ®deruco A.C. UucneHHOe MOJECTMPOBAHHME IOJIIMITHUKOB JKUIKOCTHOTO TpPEHMS IIPH CMaske
Marautopeosjoruaeckumu xuakoctssmu/ A.C. ®erucoB, A.JO. babwun, M.D. boumapenko, B.O. Troopun //
dyHIaMeHTabHbIC W IPUKIIATHBIC TPOOIeMbl TeXHUKH U TexHosorun. Ne 1(333), 2019. C. 93-100.

Ne 2 (352) 2022 35




Hpnﬁopbl, OHOTEeXHUYECKHE CUCTEMBbI U TEXHOJIOTHH

16. Fetisov A. Numerical modelling of fluid-film bearing lubricated with magnetorheological fluid / Babin A.,
Fetisov A., Tyurin V. // Lecture notes in mechanical engineering. 2020. P. 1303-1310.

17. V. Mnih Playing Atari with Deep Reinforcement Learning. / V. Mnih // pp. 1-9, 2013. Available:
http://arxiv.org/abs/1312.5602.

®eTucoB Ajsekcanap CepreeBu4 Ka3zaxos IOpuii HukoiaaeBuu

®dI'BOY BO «OI'Y umenu U.C. Typrenesay, T. Open ®OI'BOY BO «OI'Y umenu U.C. Typrenesay, T. Open
ctaxép-uccnenonarens [THUJI «MonenupoBanue MIagmuil HayuHslit cotpynauk [THNJT
THIPOMEXaHUYECKUX CHCTEM) «/HTeIIeKTyallbHbIC TEXHOJIOTUH MOHUTOPUHTA U
302020, r.Opén, Hayropckoe mocce, 29 JIMATHOCTHKH HEPTOTCHEPUPYIOIIETO 000PYIOBAHUS
E-mail: fetisov57rus@mail.ru 302020, r.Opén, Hayropckoe mocce, 29

E-mail: kazakyurii@yandex.ru

A.S. FETISOV, YU.N. KAZAKOV

INTELLIGENT CONTROL ALGORITHM FOR ROTARY MACHINES
WITH FLUID-FILM BEARINGS LUBRICATED
WITH MAGNETORHEOLOGICAL LIQUIDS

Abstract. The paper presents the results of a comprehensive theoretical and experimental study of the
characteristics of magnetorheological fluid-film bearings. Based on the analysis of the obtained results, a conclusion was
made about the prospects for using methods of active control of the performance characteristics of magnetorheological
fluid friction bearings. A description of the control algorithm based on the deep Q-agent method is given.

Keywords: fluid friction bearing, magnetorheological lubrication, control, machine learning methods.

BIBLIOGRAPHY

1. Deckler, D.C. Simulation and Control of an Active Tilting—Pad Journal Bearing / D.C. Deckler, R.J. Veillette,
M.J. Braun, F.K Choy. // STLE Tribology Transactions. — 2000. — Vol. 47. — P. 440-458.

2. An, W. Model-Based Control of Active Tilting—Pad Bearings / W. An, C. Zhijun, M.S. de Queiroz //
IEEE/ASME Transactions on Mechatronics. — 2008. — Vol. 12, Issue 6. — P. 112—-122.

3. Cai, Z. Adaptive control of active tilting—pad bearings / Z. Cai, M.S. de Queiroz, M.M. Khonsari // Proceedings
of the American Control Conference. — 2003. — Vol. 4. — P. 2907-2912.

4. Santos, I.F. Design and Evaluation of Two Types of Active Tilting Pad Journal Bearings / I.F. Santos. — The
Active Control of Vibration. Mechanical Engineering Publications Limited, 1994. — P. 79-87.

5. Haugaard, M.A. On Controllable Elastohydrodynamic Fluid Film Bearings. DTU Mechanical Engineering,
PhD thesis. —2011. - 182 p.

6. Santos, 1. F. Feasibility of Applying Active Lubrication to Reduce Vibration in Industrial Compressors / I. F.
Santos, R. Nicoletti, A. Scalabrin / ASME Journal of Engineering for Gas Turbine and Power. — 2004. — Vol. 126, Issue
4. —P. 888—894.

7. Kytka, P. Application of Feedforward—Disturbance—Compensation and Input— Shaping to a Machine z—Axis
in Active Hydrostatic Bearings / P. Kytka, B. Riemann, R. Nordmann // Proceedings of the 9th International Conference
on Motion and Vibration Control. — 2000. — P. 445 — 454.

8. Aguirre, G. Dynamic stiffness compensation with active aerostatic thrust bearings / G. Aguirre, F. Al-Bender,
H. Van Brussel / Proceedings of the International Conference on Noise and Vibration Engineering. ISMA, Leuven,
Belgium. — 2008. — P.105-118.

9. Xiaohu Wang. Dynamic characteristics of magnetorheological fluid lubricated journal bearing and its
application to rotor vibration control / Xiaohu Wang, Hongguang Li, Ming Li, Huiyu Bai, Guang Meng, Hua Zhang //
jve international Itd. journal of vibroengineering. - 2015. — Vol.17 (4). — P. 1912-1927.

10. Dimitrios A. Bompos CFD simulation of magnetorheological fluid journal bearings / Dimitrios A. Bompos,
Pantelis G. Nikolakopoulos // Simulation Modelling Practice and Theory. —2011. - Vol.19. — P. 1035-1060.

11. H. Urreta. Hydrodynamic bearing lubricated with magnetic fluids / H. Urreta, Z. Leicht, A. Sanchez, A.
Agirre, P. Kuzhir, G. Magnac // Journal of Intelligent Material Systems and Structures. — 2009. - Vol. 0. — P.9. DOI:
10.1177/1045389X09356007

12. Fetisov A.S. Sliding bearing with variable dynamic characteristics: modeling results and verification of the
obtained results / A.S. Fetisov, A.V. Kornaev // Fundamental and applied problems of engineering and technology. -
2021. - No. 2 (346). - S. 140-146.



13. Fetisov A.S. Experimental stand for the study of geomagnetic sliding bearings / Fetisov A.S., Zapomel Ya.,
Bondarenko M.E., Tyurin V.O. // Proceedings of the Tula State University. - 2019. - No. 3. — S. 376-380.

14. Fetisov A.S. Magnetorheological journal bearing: experimental study results/ Fetisov A.S. // Fundamental
and applied problems of engineering and technology. No. 1(345), 2021. P. 77-82.

15. Fetisov A.S. Numerical modeling of bearings liquid frictionin lubrication with magnetorological liquids/
Babin A., Fetisov A., Tyurin V., Bondarenko M. // Fundamental and applied problems of engineering and technology.
No 1(333),2019. P. 93-100.

16. Fetisov A. Numerical modelling of fluid-film bearing lubricated with magnetorheological fluid / Babin A.,
Fetisov A., Tyurin V. // Lecture notes in mechanical engineering. 2020. P. 1303-1310.

17. V. Mnih Playing Atari with Deep Reinforcement Learning. / V. Mnih // pp. 1-9, 2013. Available:
http://arxiv.org/abs/1312.5602.

Fetisov Alexander Sergeevich Kazakov Yuri Nikolaevich

Orel State University named after I.S. Turgenev Orel State University named after I.S. Turgenev

Junior Researcher, PNIL "Intelligent technologies for Junior Researcher, PNIL "Intelligent technologies for
monitoring and diagnostics of power generating monitoring and diagnostics of power generating
equipment" equipment"

302020, Orel, Naugorskoe Shosse, 29 302020, Orel, Naugorskoe Shosse, 29

E-mail: fetisov57rus@mail.ru E-mail: kazakyurii@yandex.ru

YIAK 621.8 DOI: 10.33979/2073-7408-2022-352-2-119-126

A.B. CbITHUH, A.A. KHPYEK, A.C. KOLIEJIEB

MEXATPOHHbBIN HOI[I]JI/IHHI/IKOBI)IVI‘/JI Y3EJ TYPBOI'EHEPATOPA
JHEPT' OBJIOKA MAJION MOIITHOCTHU

AnHoTanus. [lpednooicena KoHyenyus HO6020 6Udd YNPY20-0eMNQEPHbIX KOMOUHUPOBAHHLIX ONOP
cKonbICeHUS, 00BEOUHAIOWAS 8 CeOe NPUMEHEHUE PEOMASHUMHBIX HCUOKOCIE U MHO20J1eNeCmKO8biX noowunHukos. Ha
OCHOBAHUU 9MO020 PA3PAOOMAHA KOHCMPYKYUSL IeNeCmKO8020 NOOWUNHUKA C IJIeKMPOMASHUMHBIM 8030€UCmEUeM HA
peomaznumublil cmazounsiil mamepuan. Onucan npuHyun pabomsi GeppomMasHumuo20 0emnpepHo2o ycmpoicmad.
Coenanvl 6616000l U NPEONOACEHBL NOMEHYUATIbHBIE Cepbl NPUMEHEHUs. YCMPOUCmEd.

KaroueBble CJI0BA:  MHO201ENECMKOGbIL  NOOWUNHUK — CKOJbHCEHUS, MASHUMHAS — 2UOPOOUHAMUKA,
PEOMASHUMHASL HCUOKOCHb, MUHUMUZAYUS USHOCA, MACHUMHASL 513KOCb, OUHAMUYECKUE XAPAKMEPUCTIUKU.
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A.V.SYTIN, A.A. KIRICHEK, A.S. KOSHELEV

MECHATRONIC BEARING ASSEMBLY OF A TURBOGENERATOR
OF A LOW-POWER POWER UNIT

Abstract. The concept of a new type of elastic-damper combined sliding supports is proposed, combining the
use of rheomagnetic fluids and multi-petal bearings. Based on this, the design of a lobe bearing with an electromagnetic
effect on a rheomagnetic lubricant has been developed. The principle of operation of a ferromagnetic damping device is
described. Conclusions are drawn and potential applications of the device are proposed.

Keywords: multi-petal sliding bearing, magnetic hydrodynamics, geomagnetic fluid, wear minimization,
magnetic viscosity, dynamic characteristics.
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B.1. YEPHBIIIEB, O.B. °OMNHOBA

QJIEMEHTBI CUHTE3A CUCTEM YIIPABJIEHUA

Annotanust. O60CHO8aHbI dNIEMEHNbL MEOPUU NOIMANHO20 CUHME3d TUHEHbIX CUCMEM YNPAGLeHUs], KOMopble
MOJICHO UCNOTL308AMb Ol 80CHPOU3EEOCHUsL ¢ MPedyeMOl OUHAMUYECKOU MOYHOCMbIO YUKAUHECKUX CUSHANO8
(peaxyuu) nocpedcmeom MOOEIUPOBAHUS COBOKYRHOCHIU 6XOOHBIX TUHEUHBIX U 2APMOHUYECKUX 8030€liCBUL.

Ha nepsom smane cunmesa npeonosiceno ucnonb308ams dmMaioHHvle Mooenel, Komopbvle QopmMupyiomes Ha
ocHoge  cmaHOapmublx noaunomos Hetomona u Bammepsopma u no3eonsiiom MoOepHUUPOSAmb UCXOOHYIO CUCTEMY
ynpaenenusi 01s obdecneueHuss mpedyemoln OUHAMUYECKOU MOYHOCMU BOCHPOU3BEOCHUS peaKyuu HA eOUHUYHOe
cmynenyamoe 6030elicmeue, mo ecnb peakyuu ¢ COOMEEmMcmsayIouuM ROKA3ameneM peMeHu nepexo0H020 NPoyecca.

THockonbky no no2uke UHEEPCUOHHBIX NPEOOPAZ0BAHULL «6X00» U «BbIXO0» 8 TUHEUHOU CUCHeMe YNPAGLeHUs.
MOJICHO NOMEHSMb MeCmAMU, MO HA GMOPOM dMANe CUHME3d UCNONb308ALC MeMmo0 2apMOHUYECKo20 baranca Os
HAXO0COEHUsL NAPAMempos8 6X00H020 Koppekmupylouezo ycmpoiicmea. B pesyiomame smozo 6vlia obecneyena
UHBAPUAHMHOCb  CUCTNEMbL  YIPAGICHUS K USMEHEHUSAM JUHEUHbIX U YACMOMHbIX XAPAKMEPUCIUK B8XOOHO20
(orcenaemoco) yuxnuveckozo ozoeticmsus. Ilpueedenvt npumepuvl 1 NPOSPAMMbL peleHUs: 3a0ay ROIMANHO2O0 CUHME3A
cucmem ynpagieHus.

KnroueBble cioBa: cummes cucmemvl YHpAasieHus, KA4ecmso NepexooHo20 npoyeccd, pezyisamop,
KOppexmupyloujee yCmpoucmeo, IMailoHHaAs MOOeb, MOOEIUPOSAHUe, Memoo 2apMOHUYECKO20 banauca.
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V.I. CHERNYSHEV, O.V. FOMINOVA

ELEMENTS OF SYNTHESIS OF CONTROL SYSTEMS

Abstract. The elements of the theory of stage-by-stage synthesis of linear control systems are substantiated,
which can be used to reproduce cyclic signals (reactions) with the required dynamic accuracy by modeling a set of input
linear and harmonic effects. At the first stage of synthesis, it is proposed to use reference models that are formed on the
basis of standard Newton and Butterworth polynomials and allow upgrading the original control system to ensure the
required dynamic accuracy of reproducing the response to a single step action, that is, the response with the
corresponding transient time indicator.Since, according to the logic of inversion transformations, “input” and “output”
in a linear control system can be interchanged, at the second stage of synthesis, the harmonic balance method was used
to find the parameters of the input corrective device. As a result, the invariance of the control system to changes in the
linear and frequency characteristics of the input (desired) cyclic action was ensured.

Examples and programs for solving problems of stage-by-stage synthesis of control systems are given.

Keywords: control system synthesis, transient process quality, controller, corrective device, reference model,
modeling, harmonic balance method.
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B.1. BOPOBbLEB, C.H. 3JIObMH, O.B. U3MEPOB,
O.B. IOPO®EEB, C.O. KOIIbIJIOB, B.IO. BETPOB

BO3BPAIIIAIOIIUE YCTPOMCTBA JIBYXOCHBIX TEJIEJXKEK
MAHEBPOBBIX TEILIOBO30B C DJIEKTPOINEPEJTAYEN

AnHOTanms1. Paccmompena 3a0aua noucka payuoraibHOU KOHCIMPYKYUU ONOPHO-6036PAWAIOWUX YCHPOUICE
08YXOCHBIX MeledceK Menio8o308 ¢ dnekmponepedayeil. B pesyiomame nposedeHH020 AHAIU3A YCMAHOBIEHO, YMO
OCHOBHBIM NOMEHYUANLHLIM HeOOCMAMKOM Onop Ky306a meniogosa TOM23 aensemcs npomusopedue mpebosanui K
€030a8aeMOMY UMU MOMEHINY CONPOMUBLEHUS 8 NPAMbBIX, U 8 KPUGLIX YUACTNKAX NYMil, HECMAOUNbHOCIb 8eNUYUHbL
MOPMO3HO20 MOMEHMA U B036PAMA MENEHCKU 6 UCXOOHOEe NONONCEHUEe, YMO, 8 HACMHOCMU, 6edem K YGeaudeHuio
anepeozampam. I[Ipednodcenvt eapuanmel Yiyuuenuss OUHAMUHECKUX CBOUCMSE MENeHCKU KAK NPU  IHCECmKO
3aKpenieHHOM WKBOpHe, MaK U obecnedugaroujue nonepeuHvie nepemewjeHus MmenextcKu OMHOCUMENbHO KY308d
(cuopocounenenue menedxcex, NPUMEHEHUE POIUKOBbIX U MAAMHUKOGbIX onop). Ilpednoscenvl ycmpoiicmea
0e3bIHePYUOHHO20 Pe2YIUPOBAHUS MOMEHNA CONPOMUBIEHU NOBOPOMY U NONEPEeYHOMY nepemeweHuio menexcex. Ha
npeoNodHCeHHble YCmpOoUCmea asmopamiu RoIyYeHsl mpu nameHma Ha noJie3Hsie Mooeu.

KiroueBble c10Ba: menedicka J10KOMOMUBA, ONopbl Ky308d, OUHAMUKA TOKOMOMUBA, 8030eliceue HA Nymb,
KOHCMPYUPOBAHUEe, CHUNCEHUE IHEP203AmPam.
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V.I. VOROBEYV, S.N. ZLOBIN, O.V. IZMEROV,
O.V.DOROFEEV, S.0. KOPYLOV, V.YU. VETROV

RETURN DEVICES OF TWO-AXLE BOGIES
SHUNTING LOCOMOTIVES WITH ELECTRIC TRANSMISSION

Abstract. The problem of searching for a rational design of support and return devices of two-axle bogies of
diesel locomotives with electric transmission is considered. As a result of the analysis, it was found that the main potential
disadvantage of the supports of the body of the locomotive TEM23 is the contradiction of the requirements for the moment
of resistance created by them in straight and curved sections of the track, the instability of the value of the braking torque
and the return of the trolley to its original position, which, in particular, leads to an increase in energy consumption.
Variants of improving the dynamic properties of the trolley both with a rigidly fixed pivot and providing transverse



movements of the trolley relative to the body (hydraulic coupling of trolleys, the use of roller and pendulum supports) are
proposed. Devices for inertia-free control of the moment of resistance to rotation and transverse movement of trolleys
are proposed. The authors obtained three utility model patents for the proposed devices.

Keywords: /locomotive bogie, body supports, locomotive dynamics, impact on the track, construction, reduction
of energy consumption.
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JLLA. CABHH, A.IO. KOPHEEB, 10.H. KABAKOB

COBCTBEHHBIE YHACTOTBI POTOPOB C KOHUYECKUMHA
INOJIIHUITHUKAMMU KHUJIKOCTHOI'O TPEHUA

AHHOTaUMS: Pacczwampueaemcg pacuem COOCMBEHHBIX HaACmon spauieHust pomopoe c KOHu4ecCKumu onopamu
HCUOKOCMHO20 mpeHusl Kaxk 00UH U3 IMAN08 OUHAMUHECKO20 AHANU3A POMOPHBIX CUCMEM. HPMGOOMWIC}Z aieopumm
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pacuema Ko3@Guyuenmos xHcecmkocmu u 0eMnpupo8anusi paoudibHO-YROPHLIX 2UOPOOUHAMUYECKUX NOOUUNHUKOS.
Ilpeocmasaenvt pezyivmamel  pacuema COOCMEEHHbIX YACMOM U3LUOHBIX U KDYMULbHBIX KOACOAHUL POMOpO8 6
npoepammuom komnaekce APM 6 sasucumocmu om yena KoHycCHOCMU NOOWUNHUKOS.

KaroueBble clIOBa: 0nopvi HCUOKOCMHO20 MPEHUsl, KOHUYECKUe ROOWUNHUKU IHCUOKOCHHOZ0 MPEeHUs,
MOOENUPOBAHUE ONOP HCUOKOCHHOZ0 MPEHUsl, OUHAMUYECKUE XAPAKMEPUCMUKY POMOPOE.

Hccneoosanue evinonneno 3a cuem zcpauma Poccuiickozo nayunozo ¢onoa Ne 22-19-00789,
https://rscf.ru/project/22-19-00789/.
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L.A. SAVIN, A. Yu. KORNEEYV, Yu. N. KAZAKOV

NATURAL FREQUENCIES OF ROTORS WITH CONICAL BEARINGS
OF LIQUID FRICTION

Abstract. The calculation of the natural rotational speeds of rotors with conical liquid friction supports is
considered as one of the stages of the dynamic analysis of rotor systems. An algorithm for calculating the stiffness and
damping coefficients of radial thrust hydrodynamic bearings is given. The results of calculating the natural frequencies
of bending and torsional vibrations of rotors in the APM software package, depending on the taper angle of the
bearings, are presented.

Keywords: liquid friction bearings, liquid friction tapered bearings, modeling of liquid friction bearings,
dynamic characteristics of rotors.
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E.O. bPAJHCKAZA

AHAJIN3 BJUSIHUS OIITUYECKUX CBOUCTB THOMHOI' O 5
COJIEPJKUMOI'O HA PE3YJBTAT IUATHOCTHUKHU B IND®POBOMN
NTUAPAHOCKOIINN

AHHOTanusi. Paboma nocesuena anaisy onmuyeckux Xapakxmepucmux SHOUH020 COOEPAHCUMO20 MeMOOOM
cnekmpoghomomempuu ¢ yeivbio 000CHOBANUS CHEYUATUIUPOBAHHBIX MEOUKO-MEXHUYECKUX MPebO8aHuil K YCmpoucmey
yupposoil duaganockonuu npu UCCie008aHUU 80CNAIUMENbHLIX 3a001e6anHull 6epXxHeyentocmubix nazyx. Ilposedernvl
usMepenusi Cnekmpo8 NOLOWEHUsL U PACCESHUSL 2HOUHO020 COOePHCUMO20, HA OCHOGe Ye20 Obll cOeldn 6bleo0 O
yenecooopasHocmu npuUMeHeHus 30Houpyloweco uznyuenus ¢ oaunou eoanvt 980 mm. Ilposedeno uucnennoe
Mooenupoganue memodom Monme Kapro ¢ yeavio 6viaenenus 3a6UCUMOCIMU GEIUYUHBL OCHAONEHUS ONMUYECKO20
UBTTYYeHUs NPU 30HOUPOBAHUU BEPXHEYETIOCTNHOU NA3YXU C SHOUHBIM COOEPIHCUMBIM O OUHBL BOJIHbL 30HOUPOBAHUS U
3HAYEeHUs  ONMUYecKou  MowHocmu  uziyyenusi. Ilomyuennvie  pe3yibmamvl — HO3GOAAIOM  CHOPMUPOBAMD
CREeYUANUZUPOBAHHBIE MEOUKO-MEeXHUYecKue mpebosanus, npedvagisiemvle K yCmpoucmey yughposot ouaganockonuu
071 OUASHOCTNUKY NAYUEHMOB PA3HO20 NOLA U C PASHBIMU AHAMOMULECKUMU OCODEHHOCHIAMU.

KuaroueBble caoBa: onmuueckas OuazHOCMuKa, yu@posas ouaparHockonus, CHReKmpogpomomempus,
BEPXHEYeNIOCmHble NA3YXU, GOCHAIUMENbHble 3a00Ne8aHUs, 2HOUHOe CoOepicuMoe, ONnmuYecKue CeoucCmaed,
Mmooenupoganue Monme-Kapno, meouxo-mexnuueckue mpedoeanusi.

Hccneoosanue evinonneno npu unancosoit noooeprcke PODH ¢ pamkax nayunozo npoexma Ne 20-32-
90147.
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E.O. BRYANSKAYA

ANALYSIS OF THE INFLUENCE OF THE PURULENT CONTENTS
OPTICAL PROPERTIES ON THE DIAGNOSTIC RESULT IN DIGITAL
DIAPHANOSCOPY

Abstract. The work is devoted to the analysis of the purulent contents optical characteristics by
spectrophotometry in order to substantiate specialized medical and technical characteristics for digital diaphanoscopy
device in the study of inflammatory diseases of the maxillary sinuses. The absorption and scattering spectra of purulent
contents were measured, on the basis of which it was concluded that it was advisable to use the wavelength of 950 nm.
Numerical simulation was carried out by the Monte Carlo method in order to identify the dependence of the attenuation
of optical radiation during probing of the maxillary sinus with purulent contents on the wavelength of probing and the
value of the optical power of radiation. The obtained results allow us to form specialized medical and technical
requirements for the device of digital diaphanoscopy for the diagnosis of patients of different genders and with different
anatomical features.

Keywords: optical diagnostics, digital diaphanoscopy, spectrophotometry, maxillary sinuses, inflammatory
disease, purulent contents, optical properties, Monte Carlo simulation.
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A.H. KPYTOBOU, A.A. YETBEPKIH

PABPABOTKA SKCIIEPUMEHTAJIBHOT'O OBPA3IA
UHJINBUAYAJTBHOI'O I'TYBOKOBOJHOI'O AIIITAPATA
JKUJIKOCTHOI'O IBIXAHUS C 3AMKHYTOM CUCTEMOM
UAPKYJISIIIUAA IBIXATEJIBHOM KUJIKOCTH

AHHOTamMsI. [{ns cnacenus MOpsKo8 ¢ OOnbWUX 21yOUuH MO2ym NPUMEHAMbC aAnnapamsl HCUOKOCMHO20
ObIXAHUSL PA3OMKHYMO20 MUnd, 6 KOMOpbIX 3apaHee OKCULEHUPOBAHHAS ObIXAMENbHAS HCUOKOCHb UCHOTIb3YEmCs
OOHOKPAMHO U CIUBAEMCSL 8 HAKONUMENbHYIO eMKOCmb. OCHOBHbIM HeOOCMAmMKOM MAKUX annapamos AGsemcs
HE00X00UMOCb HATUYUSA OOILULO20 00BEMA OLIXAMETbHOU HCUOKOCTU. ABMOPbI UCCAEOVION 803MONCHOCHIL CO30AHUSL
annapama HCUOKOCMHO20 ObIXAHUS C 3AMKHYMOU CUCMEMOU YUPKYIAYUU ObIXamenbHou scuokocmu. B smom ciyyae
mpeOyemcsi 3HaAUUMeIbHO MEHbUUTI 00beM ObIXAMENbHOU HCUOKOCHU, NOCIe 8bLO0XA OCYUWeCMEISLeMCs OYULeHUe ee OMm
VeeKUC020 2a3d, a neped 800XOM — HACLIUeHUE KUCIOPOOOM.



KiroueBble cJI0Ba: J{bixamenbHas HCUOKOCMb, HACLIWEHUe KUCIOPOOOM, OYUWeHUe OM Y2leKUCL020 2a3d,
3AMKHYMAs cucmema, euopasiudeckutl Hacoc, NPUHYOUmenbHoe HCUOKOCMHOE ObIXanue.

Paboma  evinonnena npu  noooepycke  npozpammur  Ilpuopumem-2030  Cesacmononsckozo
20¢y0apcmeennoz20 ynugeepcumema (cmpamezuyeckuii npoekm Ne2 "IIpopuienvie uccnedosanus u paspadomku 6
oonacmu HcuOKocmHuozo ovixanus').
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AN. KRUGOVOY, A.A. CHETVERKIN

DEVELOPMENT OF AN EXPERIMENTAL SAMPLE OF AN INDIVIDUAL
DEEP-SEA LIQUID BREATHING APPARATUS WITH A CLOSED
RESPIRATORY FLUID CIRCULATION SYSTEM

Abstract. To rescue sailors from great depths, open-type liquid breathing devices can be used, in which pre-
oxygenated breathing fluid is used once and drained into a storage tank. The main disadvantage of such devices is the
need for a large volume of respiratory fluid. The authors investigate the possibility of creating a liquid breathing
apparatus with a closed respiratory fluid circulation system. In this case, a much smaller volume of respiratory fluid is
required, after exhalation, it is purified from carbon dioxide, and before inhaling, oxygen saturation is carried out.

Keywords: Respiratory fluid, oxygen saturation, purification from carbon dioxide, closed system, hydraulic pump,
forced liquid breathing.
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JAN. CYPXKUK, I'.C. BACWIBEB, O.P. KY3MUYKHUH, K.B. IOIMACTEPLEB

NCCIEAOBAHUE ITYMOBBIX XAPAKTEPUCTHUK
®OPMHPOBATEJIEN CUTHAJIOB PAJITMOIIEPEJATUNKOB
BECIIPOBO/IHBIX CETEN CBOPA JJAHHBIX TEOQKOJIOT'MYECKOI'O
MOHHUTOPHUHI'A PECYPCOB AIIK

AnHoTammsi.  [Ipedcmasnennas — cmamovs — NOCGAWEHA  UCCIEO08AHUIO  WYMOBbIX — XAPAKMEPUCTHUK
opmuposameneli CUSHANO8 PAOUONEPEOAMUUKO8 OECHPOBOOHBIX Cemell C653U, UCNOMb3YeMblX Olsl cOOpa OAHHLIX
2€0IKONI02UHECKO20  MOHUMOPUHSA —PECYPCO8  AZPONPOMbIUILEHH020 Komniekca. Ommeyeno, uymo Kauyecmeo
nepedasaemvlx OaHHbIX NOAE3HOU HASPY3KU 80 MHO2OM 3ABUCUM 0N BO3MOICHOCIU A0ANMayuu CKOpoCmu ux nepeoayu,
onpeoensaemou pewenusmu Ha usuyeckom yposne cemesou mooeau OSI. 1o pezyromamam anaiusa ucnoab3yemvix 0Jis
nepedayu OAHHLIX HECYWUX Hacmom u Memooo8 YUPposol MOOYIAYUU NPEON0NCeH VHUBEPCATbHBIN NO0X00 K
Gopmuposanuio cucHanos, couemarouuil 00CMOUHCMEA Memooa HenpsMou MOOYIAYUL ¢ NPeobpaz08anuem Yacmomol
66EPX C NOMOWDBIO CYNEpeemepoouUHa U mMemoodd NpaMo20 YUPpoeo2o cunmesd; paspabomana peanusyiowds e2o
0606wennasn cmpykmypHas cxema. Ilokazano, umo 0OHUM U3 BAANCHEUUUX NAPAMEMPOB TH0OOU CUCmeM QopMUpo8anus
CUCHANOB  AGIAEMCS  (Paz06blil  wiyM, Ol AHAAU3A KOMOPO2O COCMABNEHA OIKBUBAICHIMHAS UHEAPUI0BAHHAS
DYHKYUOHATBHAA cXeMa NPEeONONCEHHO20 YCMPOUCMBA CO 8CeMU UCTNOYHUKAMU OeUCMBYIOWUX (PA306blX WYMO8, O
KOMOPOU NOTYYeHbl MAMeMAMU4ecKue MoOeiu wymossix xapakmepucmux. I1o pezyismamam mMooeiupo8anus wymossix
CB0UICME YCMAHOBIEHO, YMO OAHHASL CXeMA XapaKmepu3zyemcs yposHem ¢azoewix uymos 6 munyc 100 - munyc 115 0b na
omcmpotuxe 1 kl['y om necyweeo xonebanust 01 Gopmupyemvix cuenanos ¢ wacmomuom ouanasoue 1200-5800 MIy.
Hameuenvr  nymu  OanvHeuiuieco  yiyyuienue CNeKmMpaibHbIX — XAPAKMEPUCMUK — (PopMuposameneii.  CUSHAL08
paouonepedamuuros 6ecnpoBoOHbIX cemell Ces3U KAK 30 CHem ONMUMU3AYUU CXeMHOU peanusayuu ycmpoucmea ons
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D.I. SURZHIK, G.S. VASILYEV, O.R. KUZICHKIN, K.V. PODMASTERYEV

INVESTIGATION OF NOISE CHARACTERISTICS OF SIGNAL FORMERS
OF RADIO TRANSMITTERS OF WIRELESS NETWORKS
OF DATA COLLECTION OF GEOECOLOGICAL MONITORING
OF AIC RESOURCES

Abstract. The presented article is devoted to the study of the noise characteristics of signal formers of radio
transmitters of wireless communication networks used to collect data on geoecological monitoring of agro-industrial
complex resources. It is noted that the quality of the transmitted payload data largely depends on the possibility of
adapting their transmission rate, determined by decisions at the physical layer of the OSI network model. Based on the
results of the analysis of carrier frequencies used for data transmission and digital modulation methods, a universal
approach to signal generation is proposed that combines the advantages of the method of indirect modulation with
frequency upconversion using a superheterodyne and the method of direct digital synthesis, a generalized block diagram
that implements it has been developed. It is shown that one of the most important parameters of any signal conditioning
system is phase noise, for the analysis of which an equivalent linearized functional diagram of the proposed device with
all sources of active phase noise was compiled, for which mathematical models of noise characteristics were obtained.
Based on the results of modeling noise properties, it was found that this circuit is characterized by a phase noise level of
minus 100 - minus 115 dB at a detuning of 1 kHz from the carrier wave for generated signals in the frequency range of
1200-5800 MHz. Ways are outlined for further improvement of the spectral characteristics of signal conditioners for
radio transmitters of wireless communication networks, both by optimizing the circuit implementation of the device to
reduce the level of phase noise, and by using special methods for automatic compensation of phase distortions, which
make it possible to reduce the level of discrete spurious spectral components in the output spectrum of the device by 10 -
15 Db/

Keywords: wireless self-organizing networks, unmanned aerial vehicles, space telecommunication systems,
geoecological monitoring, agro-industrial complex, signal conditioners, direct digital synthesizers, phase noise.

BIBLIOGRAPHY

1. Leonov, A.V. Seti FANET / A.V. Leonov, V.A. Chaplyshkin // Omskiy nauchnyy vestnik. — 2015. - Ne 3
(143). - S. 297-301.

2. Bekmezci, 1. Flying Ad-Hoc Networks (FANETS) / I. Bekmezci, O.K. Sahingoz, S. Temel // A Survey, Ad
Hoc Networks. —2013. - Vol. 11, Ne 3. - Pp. 1254-1270.

3. Anan'yev, A.V. Razrabotka sposoba organizatsii svyazi s ispol'zovaniyem bespilotnykh letatel'nykh apparatov
maloy dal'nosti / A.V. Anan'yev, M.A. Stafeyev, Ye.V. Makeyev // Trudy MAI —2009. - Vypusk Ne 105. - S. 1-18.

4. Minakov, I.A. Ekonomika otrasley APK / I.A. Minakov, N.I. Kulikov, O.V. Sokolov i dr.; Pod red. [.A.
Minakova. M.: KolosS, 2004. - 464 s.

5. Pardi, Filip G. Analiz granits budushchego mirovogo rynka produktov pitaniya: mirovoy rynok po 2050 god
vklyuchitel'no / Filip G. Pardi, Dzheyson M. Beddou, Terrens M. Kherli, Timoti K.M. Bitti i Vernon R. Eydman //
Australian Journal of Agricultural and Resource Economics. - 2014. - S. 571-5809.

6. Bondarev, A.N. Obzor bespilotnykh letatel'nykh apparatov obshchego pol'zovaniya i regulirovaniya
vozdushnogo dvizheniya BPLA v raznykh stranakh / A.N. Bondarev, R.V. Kirichek // Informatsionnyye tekhnologii i
telekommunikatsii. — 2016. - Tom 4, Ne 4. - S. 13-23.



7. Drozdov, S.N. On the experience of JPEG2000 broadcasting system implementation and about perspectives
of JPEG2000 standard using for transmission of video and multispectral data from UAV / S.N. Drozdov, A.A. Zhiglaty,
P. P. Kravchenko, S.V. Skorokhod, N.Sh. Khusainov // Izvestiya SFedU. Engineering Sciences. - Pp. 161-170.

8. Polynkin, A.V. Issledovaniye kharakteristik radiokanala svyazi s bespilotnymi letatel'nymi apparatami / A.V.
Polynkin, KH.T. Le // Izvestiya TulGU. Tekhnicheskiye nauki. — 2013. - Vyp. 7., Ch. 2. — S. 98-107.

9. Boyev, N.M. Sposoby povysheniya energeticheskoy i spektral'noy effektivnosti tsifrovykh sistem svyazi
bespilotnykh letatel'nykh apparatov / N.M. Boyev // TRUDY MFTI. — 2014. — Tom 6, Ne 2. - S. 162-166.

10. Golikov, A.M. Modulyatsiya, kodirovaniye i modelirovaniye v telekommunikatsionnykh sistemakh. Teoriya
i praktika: ucheb. Posobiye / A.M. Golikov — SPb.: Lan', 2018. — 452 s.

11. Vasil'yev, Ye.V. Radioperedatchiki dlya issledovaniya MIMO kanala svyazi s bespilotnym letatel'nym
apparatom / Ye.V. Vasil'yev // Vestnik RGRTU. - 2015. - Ne 54, Chast' 1. —S. 9-14.

12. Vankka, J. Direct Digital Synthesizers: Theory, Design and Applications / J. Vankka, K. Halonen. Helsinki
University of Technology, 2000. - 208 p.

13. Kroupa, V.F. Phase Lock Loops and Frequency Synthesis / V.F. Kroupa. John Wiley & Sons, Ltd, 2003. — 320p.

14. Goldberg, Bar-Giora. Digital Frequency Synthesis Demystified DDS and Fractional-N PLLs / Bar-Giora
Goldberg. LLH Technology Publishing, 1999. — 355 p.

15. Belov, L.A. Formirovaniye stabil'nykh chastot i signalov: Ucheb. posobiye dlya stud. vyssh. ucheb.
zavedeniy / L.A. Belov. — M.: Izdatel'skiy tsentr «Akademiya», 2005. — 224 s.

16. Ridiko, L.I. DDS: pryamoy tsifrovoy sintez chastoty / L.I. Ridiko // Komponenty i tekhnologii. - 2001. - Ne7.

17. Kester, U. Analogo-tsifrovoye preobrazovaniye / Pod red. U. Kestera. Moskva: Tekhnosfera, 2007. — 1016 p.

18. Izraelson, D. Pretsizionnoye formirovaniye formy sinusoidal'nogo signala na DDS-strukturakh / D. Izraelson
// Chipnews. - 2006. - Ne6. - S. 32-35.

19. Morfi, Ye. Vso o sintezatorakh DDS / Ye. Morfi, K. Sletteri / Komponenty i tekhnologii. - 2005. - Nel.

20. Kochemasov, A. Tsifrovyye vychislitel'nyye sintezatory - primeneniye v sistemakh sinteza chastot i signalov
/ A. Kochemasov, A. Golubkov, N. Yegorov, A. Cherkashin, A. Chuguy // Elektronika: nauka, tekhnologiya, biznes. —
2014. - Ne8. - S. 171-178.

21. Ryzhkov, A.V. Sintezatory chastot v tekhnike radiosvyazi / A.V. Ryzhkov, V.N. Popov. — M. - Radio i
svyaz', 1991. - 264 s.

22. Zhalud, V. Shumy v poluprovodnikovykh ustroystvakh / V. Zhalud, V. Kuleshov. M., «Sov. radio», 1997. — 416s.

23. Bukingem, M. Shumy v elektronnykh priborakh i sistemakh. Per. s angl. / M. Bukingem. — M.- Mir, 1986. —399s.

24. Bel'chikov, S. Fazovyy shum: kak spustit'sya nizhe -120 dBn/Gts na otstroyke 10 kGts v diapazone chastot
do 14 GGts, ili bor'ba za detsibely / S. Bel'chikov // Komponenty i tekhnologii. — 2009. - Ne5-6.

25. Romashov, V.V. Modelirovaniye shumovykh kharakteristik gibridnykh sintezatorov chastot / V.V.
Romashov, L.V. Romashova, K.K. Khramov, A.N. Doktorov, K.A. Yakimenko // Radiotekhnicheskiye i
telekommunikatsionnyye sistemy. — 2014. - Nel. — S. 5-20.

26. Surzhik, D.I. Modeling the noise properties of hybrid frequency synthesizers with automatic compensation
of phase noise of DDS / D.I. Surzhik, [.A. Kurilov, O.R. Kuzichkin, G.S. Vasilyev, S.M. Kharchuk // 2015 International
Siberian Conference on Control and Communications. — 2015. — Ne7147015.

27. Vasilyev, G.S. Analysis of noise properties of a hybrid frequency synthesizer with autocompensating phase
noise of DDS and PLL / G.S. Vasilyev, O.R. Kuzichkin, I.A. Kurilov, D.I. Surzhik // 2016 International Siberian
Conference on Control and Communications. —2016. — Ne 7491742.

28. Surzhik, D.I. Design and mathematical modeling of hybrid frequency synthesizers with automatic
compensation of DDS interferences / D.I. Surzhik, [.A. Kurilov, G.S. Vasilyev, S.M. Kharchuk // 2015 International
Siberian Conference on Control and Communications. — 2015. — IEEE Catalog Number: CFP15794-CDR.

29. Kuzichkin, O.R. Analysis of Noise Characteristics of Multichannel Systems of the Formation of Signals of
Georadars with Synthesized Aperture / O.R. Kuzichkin, D.I. Surzhik, G.S. Vasiliev, I.A. Kurilov, N.V. Dorofeev // Active
and Passive Electronic Components. — 2018. — Ne9429863.

30. Grecheneva, AV. The method of forming probing signals of georadars on the basis of direct digital
synthesizers for geodynamic monitoring / AV Grecheneva, NV Dorofeev, OR Kuzichkin, DI Surzhik, RV Romanov //
2018 2ND INTERNATIONAL CONFERENCE ON FUNCTIONAL MATERIALS AND CHEMICAL ENGINEERING
(ICFMCE 2018), series of books: MATEC Web of Conferences. — 2019. - Volume 272.

31. Dorofeev, NV. The method and devices of autocompensation of phase distortions of direct digital
synthesizers of signal formers of georadars / NV Dorofeev, AV Grecheneva, OR Kuzichkin, DI Surzhik, RV Romanov //
2018 2ND INTERNATIONAL CONFERENCE ON FUNCTIONAL MATERIALS AND CHEMICAL ENGINEERING
(ICFMCE 2018), series of books: MATEC Web of Conferences— 2019. - Volume: 272.

Surzhik Dmitry Igorevich Kuzichkin Oleg Rudolfovich

Vladimir State University named after A.G. and N.G. Belgorod State National Research University, Belgorod
Stoletovs, Vladimir Doctor of Technical Sciences, Professor, Institute of
Ph.D., Associate Professor of the Department Engineering Technologies and Natural Sciences
"Management and Control in Technical Systems" E-mail: Kuzlchkin@bsu.edu.ru

E-mail: arzerum@mail.ru

Vasilyev Gleb Sergeevich Podmasteryev Konstantin Valentinovich

Belgorod State National Research University, Belgorod Oryol state University named after 1.S. Turgenev, Orel
Ph.D., Researcher at the Institute of Engineering

Technologies and Natural Sciences

Ne 2 (352) 2022 53




KOHTpOJ’lb, AUArHOCTHKA, UCIILITAHUA U YIIPABJICHUE KAYC€CTBOM

E-mail: vasilievgleb@yandex.ru Doctor of Technical Sciences, Professor, Director of the
Institute of Instrument Engineering, Automation and
Information Technologies
E-mail: asms-orel@mail.ru

VIK 621.396 DOLI: 10.33979/2073-7408-2022-352-2-184-192

I'.C. BACHUJIBEB, O.P. KY3UYKHUH, /1.1. CYPXUK, K.B. IOIMACTEPLEB

OHEHUBAHUE SQHEPTETHYECKOI'O PESEPBA KAHAJIOB CBA3HU
ITPU NIEPEJAYE JAHHBIX C IOMOIIBIO MAJIOPASMEPHBIX BIIJIA
B YCJIOBUAX «YMHBIX I'OPO/J10OB»

Annomayusn: B pabome GblnoIHeHA OYEHKA GIUSHUSL PA3TUYHBIX (DAKMOPOS U YCI08UI NEpedayu OaHHbIX Ha
IHepeemu4ecKull pesepé pacuoKaHalos Cea3U ¢ MAIOPAZMEPHbLIMU OeCnUIOMHbIMY JIeMAMeTbHbIMU ANnapamamu
(BITJIA), ocywecmensowumu noremuuvle 3a0anuss 8 NPeOeIax «YMHuIX 20po008y ¢ NIomHoU 3acmpoiikoil. Ilpusedenvi
pe3yibmamysl  MOOEIUPOBAHUSL IHEPLEMUUECKO20 pe3eped KAHALA CA3U OMm Hecyujell 4acmombl nepedasaemozo
paouocuenana, paccmosiHus Mexcoy nepedarouum U RPUHUMAIOWUM Y3IAMU Cemu C6513U Ol PA3TUHOU 8bICOMbL NOJEMA
BIJIA.

Knrwouesvie cnosa: paduoxanan, becnuiomuvie nemamenbHblie annapamsl, «yMHule 20pooay, SHepeemuieckuil
pes3eps paouoKanad Ces3u, NOmepu pacnpocmpanerus paouocueHaLo8.

Paboma evinonnena npu noooepicke cpanma PODOUH 19-29-06030-mx "Hccnedosanue u paspabomka
mexHon0zuu 6ecnposoonoil camoopzanuzyrueiica cemu mexncoy bBIIVIA u oucnemuepckumu yenmpamu «yMHO20
20po0ay Ha OCHOGe A0ANMAUUU NAPAMEMPOE pPENCUMA nepedauu HA PA3IUYHBIX YPOGHAX CEMEB020
e3aumooeiicmeun’. Teopusa noozomoenena 6 pamkax Iocydapcmeennozo 3adanuna-2020-0029 '"Pazpabomka
meopemu4ecKux 0CHO6 NOCHPOCHUA UHBOPMAUUOHHO-AHATUMUYECKO20 00eCHeUeHUs MEe1eKOMMYHUKAUUOHHBIX
cucmem 2€0IK0J102UUECKO20 MOHUMOPUNH2A RPUPOOHBIX PECYPCOE 8 AZPORPOMBIUIEHHOM KOMNIEKCEN.

CIIMCOK JIMTEPATYPbI

1. F'onukoB A.M. Moaynsiuusi, KOAUPOBAaHKUE U MOJIEIHUPOBAHUE B TEJIEKOMMYHUKAIIMOHHBIX cUCTEMax. Teopus
u npaktuka: yue0. nocobue. — CII6.: Jlanb, 2018. — 452c.

2. Kupwnos B.M. MHorokaHansHble CUCTEMBI nepeiaun naHHbIx: YueOnuk / B.W. Kupunnos. — M.: Hosoe
3HaHue, 2002. — 751 c.

3. Upsun JIx., Xapas /. Tlepenada naHHBIX B ceTAX: MHKeHepHBIH momxox: Ilep. ¢ anrn. — CII6.: BXB-
ITerepOypr, 2003. — 448 c.

4. babkor B.IO., Bozarok M.A., Hukutia A.H., CuBepc M.A. Cuctemsl CBS3M C KOJOBBIM pa3JeicHHEM
kananoB / CIIOI'YT. CII6, 1999. — 120 c.

5. llIBapuman B.O., Emenbsnos I'.A. Teopus nepenaun auckpeTHor nHGopManuu: YUeOHUK JUIs By30B CBS3H.
— M.: CBs3p, 1979. — 424 c.

6. Kpyxmanes B.B. OCHOBBI MOCTPOCHUS TEICKOMMYHHKAIIMOHHBIX CHCTEM U ceTeil: YueOHuk /i By30B / B.B.
Kpyxmanes, B.H. I'opnuenxo, A.JI. Mouenos u ap. [Tox pen. B.H. T'opauenxo u B.B. Kpyxmanesa. — M.: ['opsiuas nunus
- Tenexom, 2004. — 510 c.

7. UnatoB B.I1. Cuctembr MOOWIIBHOH cBsi3u: YuebHoe mocobue aist By3oB / B.I1. Mmaros, B.K. Opinos, .M.
Cawmotinos, B.H. Cmupnos; oz pexa. B.I1. MnatoBa. — M.: I'opstuas smaus — Tenexom, 2003. — 272 c.

8. Cxisip b. Hudposas csa3b. TeopeTndeckue OCHOBHI U MpakTHdeckoe npuMeHnenue. Mz, 2-e, ucnp.: Ilep. ¢
aHri. — M.: U3narenbckuii nom «Buibsamcey, 2003. — 1104 c.

9. Bacun B.A. Paguocucremsl nepenaun mHdopmanuu: YueOHoe nocodue i By3oB / B.A. Bacun, B.B.
Kanwmeikos, FO.H. Cebexun, A.U. Cenun, U.b. ®enoros; nox pen. U.b. dexotosa u B.B. Kanmeikosa. — M.: Topsiaas
muHuA — Temexom, 2005. — 472c.

10. A. B. Jleonos B. A. Yamumeimkua. Cetu FANET / OMckwii HaydsbIi BecTHUK. — 2015, Ne 3 (143). — C. 297-
301.

11. 1. Bekmezci, O. K. Sahingoz, S. Temel., Flying Ad-Hoc Networks (FANETSs): A Survey, Ad Hoc Networks,
2013, Vol. 11, Ne 3, pp. 1254-1270.

12. AnanbseB A.B., CtadeeB M.A., MakeeB E.B. Pa3zpabotka ciocoba opranu3ariiiv CBs3HM € UCIIOJIb30BAHHEM
OeCIMIIOTHBIX JIETaTeNbHBIX anmnapaToB Manoi pansHocTr / Tpynst MAU. Beimyck Ne 105. - 2019. - C. 1-18.

13. Chertova O. G., Chirov D. S. Building a core communication network which is based on small size unmanned
aircraft vehicle without ground infrasrtuvture. H&ES Research. 2019. Vol. 11. No. 3. Pp. 60-71.

14. A.-H. Bonnapes, P.B. Kupudyek. O030p OecHHMIOTHBIX JIETATEIbHBIX allapaToB OOIIETro MOJb30BaHUS U
perynupoBanust Bo3aymHOTO aBmwkeHUss BIIJIA B pasHeix cTpanax / HWHbopMannoHHBIE TEXHOJIOTHH U
tenekoMmyHukamun. — 2016, Tom 4, Ne 4. - C. 13-23.

15. 1. Borens, E. Ky3nenosa. TexHOIOTHHA yMHBIX TOPOJOB: YTO BIUSET HAa BHIOOP Topoxkan? — McKinsey
center for government. - 2018. — 66 c.



16. D. McLaren, J. Agyeman. Sharing Cities. A Case for Truly Smart and Sustainable Cities/ The MIT Press. -
Cambridge, Massachusetts. — 2015. - 461c.

17. M. Abnametiko, C. AbGnameliko. «YMHBIH rOpo»: OT TeopuH K npakTtuke / Hayka n nanoBanmu. —2018, Ne6
(184). -C. 28-34.

18. B. H. Kusrunun. IlpuopurerHsle HampaBiIeHHUs BHEAPEHUs TEXHOJIOTMH yMHOro ropoja B Poccuiickux
roponax / DKkcnepTHO-aHATUTHYECKUH Aokimana.— Mocksa, 2018. — 178 c.

19. Kheir Al-Kodmany. Sentient City: Ubiquitous Computing, Architecture, and the Future of Urban Space /
Journal of Urban Technology. - 2012. - C. 137-140.

20. Kypueesa I'.U., KimoukoB I'.A. Pa3paboTka mpoieccHOW MOAETH «yMHBIA Topom» // MHTepHET-KypHaI
«HaykoBenenue». - 2017, Tom 9, No5. — C. 1-8.

21. A . Beipenkun, A.E. Kyuepssbiid. Mcronb3oBaHue GecITMIOTHBIX JIETATEIbHBIX allapaToB MU PEIICHHs
3a71a4 «yMHOTro ropoja» / HdopMannoHHbIe TEXHOJIOTHU U TelekoMMyHuKaruu. -2017, T.5., Ne 1. - C. 105-113.

22. A.B. Tomsiakun, X.T. Jle. HccnenoBaHue XapakTEpUCTHK paJuMOKaHalla CBSI3M C OECIMJIOTHBIMH
netatensHbIMY anmaparamu / 3Bectus Tynl'Y. Texunueckue vayku. — 2013, Beim. 7., Y. 2. — C. 98-107.

23. B. A. YTu. UccaenoBanue moteph MpU PACIPOCTPAHEHUM paHOCHUTHAJa COTOBOH CBSI3M Ha OCHOBE
cTraTUCTHYECKUX Mojenel / Bectauk banruiickoro rocymapcrBerHoro yausepcutera um. M. Kanra. 2011. Bemm. 5. C.
44—49.

24. ®oxkun I.A. O630p Mozeneil pagrokaHaa CBSI3U ¢ OECIMJIOTHBIMU JIeTaTeIbHBIMU anmnapaTtamu // Tpysl
yueOHbIX 3aBeeHni cBsizu. 2018. T. 4. Ne 4. C. 85-101.

25. Kymukos I'.B., Tam6oBckuit C.C. Ouenka kauectBa cBsizu ¢ BIIJIA B yclnoBHSX TOpOJCKOW 3acTpoiiku /
Bectauk MI'TY MUPDA. - 2015, Ne 1 (6). - C. 205-217.

BacuabeB I'ned CepreeBuyu Ky3uukun OJger Pypoabdosuu

DOI'AOY BO «bearopoackuii rocyaapcTBEHHBIH OI'AOY BO «benropoackuii rocyaapcTBEHHBIH

HAIIMOHAJBHBIN HCCIIEOBATENECKUI YHHBEPCUTET, T. HAIIMOHAJIBHBIN HCCIE0BATENECKAN YHUBEPCUTETY, T.

Bbenropon Bbenropon

K.T.H., HAyYHBIH COTPYIHUK MHCTUTYTA HHKCHEPHBIX II.T.H., Ipo(eccop, HHCTUTYT MHKCHEPHBIX TEXHOIOTHI

TEXHOJIOTHI U €CTECTBCHHBIX HAYK U €CTECTBCHHBIX HAYK

E-mail: vasilievgleb@yandex.ru E-mail: Kuzichkin@bsu.edu.ru

Cypxux Imutpuii Uropesuy MMoamactepbeB Koncrantun BajleHTUHOBHY.

®OI'BOY BO «BnaguMupcKuii rocy1apCTBEHHBIN OI'BOY BO «OpioBckmii

YHUBEpPCUTETY, T. Bianumup rocyaapcTBeHHbIN yHEBepcuTeT uM. U.C. Typrenesay, T.

K.T.H., TOLEHT Kadeapsl «YIpaBiieHHE U KOHTPOIb B Open

TEXHUYECKUX CHCTEMaX» JI.T.H., Tpodeccop, AUPEKTOP UHCTUTYTA

E-mail: arzerum@mail.ru puOOpPOCTPOCHHUS, aBTOMATHU3ALMN 1 MH()OPMALMOHHBIX
TEXHOJIOTUl

E-mail: asms-orel@mail.ru

G.S. VASILYEV, O.R. KUZICHKIN, D.I. SURZHIK, K.V. PODMASTERYEV

MODELING OF THE ENERGY RESERVE OF COMMUNICATION
CHANNELS BETWEEN UAYVS IN THE CONDITIONS
OF "SMART CITIES"

Abstract. The paper evaluates the influence of various factors and conditions of data transmission on the energy
reserve of radio communication channels with small-sized unmanned aerial vehicles (UAVs) carrying out flight missions
within "smart cities" with dense buildings. The results of modeling the energy reserve of the communication channel from
the carrier frequency of the transmitted radio signal, the distance between the transmitting and receiving nodes of the
communication network for different UAV flight heights are presented.

Keywords: radio channel, unmanned aerial vehicles, "smart cities", energy reserve of the radio communication
channel, loss of radio signal propagation.
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