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(I)YHIIaMeHTaJ]bHI)Ie U NIPUKJIAAHbIC HpOﬁ.]]eMbl TEXHUKHU U TEXHOJIOI'MA

TEOPETUYECKAS MEXAHUKA U EE lNPUJTIOXXEHUA

YK 621.438:536.24

A.A. XAPYEHKO

T'UAPOJUHAMUKA TEUEHUNA OXJAXKJIAIOLUIETO BO3YXA
B D KEKTOPHBIX JIUCKAX T'A3OTYPEUHHBIX IBUTATEJIEHA (I'T/)

AHHOTAmMA. B cmamve npednazaemcss memoouka pacuema CKOPOCMU OXIANCOArUez0 8030yXa 600b
paouyca IKpAHUPOBAHHO20 OUCKA 8 3AGUCUMOCU ON NPOU3BOOUMENbHOCU U YUCKA IIHCEKMOPHBIX KAHALOB.
Tonyuenvt pacuemuvle 3aucuMocmu, onpeodensiioujue pacnpedeseHie memnepamypsl no paouycy 3KpaHupo8aHHo20
oucka. Taxou nooxo0 no3eonun onpedeiums HA CMaouu NPOEKMUPOBAHUL ONMUMATbHbIE pA3Mepbl YCmMpoUucme 0is
VMEHbUEHUs] MEeMNEPAMYPHBIX HANPSNCEHUT 8 OUCKAX POMOPOS8 2a30MYPOUHHBIX 08uzamenel.

KuroueBblie cinoBa: ducxu I'T]], soicexmopul, 2udpoounamuxa, memnepamypHoe coCmostue.
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A.A. KHARCHENKO

HYDRODYNAMICS OF COOLING AIR FLOWS IN EJECTOR DISKS
OF GAS TURBINE ENGINES (GTE)

Abstract. The article proposes a method for calculating the velocity of cooling air along the radius of a
shielded disk, depending on the performance and the number of ejector channels. Calculated dependences are obtained
that determine the temperature distribution along the radius of a shielded disk. Such an approach made it possible to
determine at the design stage the optimal dimensions of devices for reducing thermal stresses in the rotor disks of gas
turbine engines.

Keywords: GTE disks, ejectors, hydrodynamics, temperature state.
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VJIK 531.01

C.H. POMAIINVH, M.B. XOPOILIMJIOBA

NPUMEHEHUE METOJA I'PYIIIIOBBIX PA3JIOKEHUM
JJIAA HEJIOKAJIBHOU MOJAEJIA YIIPYI'OU CPE/JIbI

AunHoTauust. [Ipednodicen memoo onpedeneHuss napamempos QYHKYUll, ORUCLIBAIOWUX NOMEHYUATbL RAPHO20
U mMpolHO20 63AUMOOEUCMBUs Yacmuy CHIOWHOU, US0MPONHOU JUHeUHO Ynpyzou cpeovl. Memoo ocHosan Ha
UCNONb30GAHUY  AHAIUMUYECKUX BbIPAJICEHUL, CEA3LIGAIOWUX NaApAMempbl NOMEHYUAL08 NAPHO20 U MPOUHO20
83aUMOOEUCMEUsl, KOMOPble NOCMPOEHbL MEMOOAMU CIMAMUCTMUYECKOU MEXAHUKU ¢ UCNONb306AHUEM HEAOOUMUBHBIX
MHO20YACMUYHBIX NOMEHYUANLO08, XAPAKMEPUSVIOWUX B3AUMOOCUCMEUL 2PYNN  MAMEPUATbHBIX MOYEK, KOMOPbIM
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S.N. ROMASHIN, M.V. KHOROSHILOVA

APPLICATION OF THE METHOD OF GROUP EXPANSIONS
FOR NONLOCAL MODEL OF AN ELASTIC MEDIUM

Abstract. A method for determining the parameters of functions describing the potentials of pair and triple
interaction of particles of a continuous, isotropic linearly elastic medium is proposed. The method is based on the use of
analytical expressions that relate the parameters of the pair and triple interaction potentials, which are constructed by
methods of statistical mechanics using non—additive multiparticle potentials characterizing the interaction of groups of
material points, which correspond to topologically different diagrams.

Keywords: solid elastic medium, the non—local interaction, statistical mechanics, many—body potential
interaction, the Mayer function.
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MEXAHUKA JE®OPMUPYEMOI'O TBEPLOI'O TEJIA,
ANHAMUKA U TTIPOYHOCTb

YK 539.3

N.B. JIOITIA

HNPUBJIN/KEHHOE PEHIEHUE 3ATAYH O ITPOJOJIbHbBIX BOJITHAX
HAIIPAKEHUU B YIIPYT'O BA3ZKOIIVIACTUYECKUX CTEPKHAX

AHHoOTauus. Paccmampusaemcs yoapHoe HaspydceHue CMepICHA U3 YNpyeo  BA3KONAACMUYECKO20
mamepuana. B pamkax npeonooicennvix eunomes cmpoumcs npubnusicennoe peutenue. Ilpednazaemes anarumuieckoe
npedcmasgnerue pacnpeoeieHuss HanpaxiceHus no Oaune cmepicua. Ilposooamces yucienHvle pacuemsi, noKazasuiue
BO3MOICHOCHIL UCNOTIB308ANUS NPEOTOICEHHOU MOOeNU OISl PAOA UHICEHEPHBIX 300aY.
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[LV.LOPA

THE APPROXIMATE SOLUTION OF THE PROBLEM ON THE
LONGITUDINAL STRESS WAVESIN ELASTO VISCOPLASTIC RODS

Abstract. Shock loading of a rod made of elastic—viscous plastic material is considered. Within the framework
of the proposed hypotheses, an approximate solution is constructed. An analytical representation of the stress
distribution along the length of the rod is proposed. Numerical calculations are carried out, which showed the
possibility of using the proposed model for a number of engineering problems.

Keywords: impact, rod, elastic viscoplastic material, stress distribution.
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MALUIMHOCTPOUTEJIBHBIE TEXHOJIONAN U
Ob0PYL1OBAHUE

VJIK 621.791

M.A. CEPEXXKHH, /I.0. KIIMMIOK

PASPABOTKA METOAUKHU ONPEJAEJEHUA KOHOUT'YPALIUN
IPEPBIBUCTBIX BAJIMKOB /UIA YBEJTUYEHUA U3HOCOCTOUKOCTH
CKPEBKOB POTOPHBIX BETOHOCMECHUTEJIEA

AHHOTauMA. B cmamve npedcmasnenvl pe3yibmamvl AHAIU3A U MOOEIUPOBAHUS YCA08Ull pabombl
CKpebKo8 pomopHuix bemoHocmecumeneti. Ha ocnosanuu nposedeHHO20 ananu3a paspabomana memoouxd
pacuéma npepuleuUcmbiX BAIUKO8: OAHbL PEKOMEHOAyUuU Nno NPOoGe0eHU0 MOOeIUPOBAaHUs, PACYEMY KPUGU3HbI
BANUKO8 U NPOUUX NAPAMEmPO8 Ha npumepe pomopro2o bOemonocmecumens Ch—138b. Jaunyio memoouxy
MOJICHO NpUMEHAMb 045 paspabomKu KoHQueypayuu 6aiuxkos Oisi NOGbluleHUs USHOCOMOUKOCMU CKpebKos
PpOomopHbIX bemoHocmecumenetl.

KioueBble clioBa: Oemonocmecumenv, CKpeboOK, 2uopoabpazusHulii UHOC, UZHOCOCMOUKOCHDb,
INEKMPOOY208asL HANIABKA.
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M.A. SEREZHKIN, D.O. KLIMYUK

DEVELOPMENT OF METODOLOGY FOR DETERMENATION
OF SEPARATED BEADS CONFIGURATION FOR INCREASING WEAR
RESISTANCE OF ROTOR CONCRETE MIXERS SCRAPERS

Abstract. The article presents the results of the analysis and simulation of working conditions of rotor
concrete mixers” scrapers. On basis of conducted analysis methodology for determination of separated beads was
developed: recommendations are made on conducting of simulation, design circum flection of beadsand other
parameter susing as example rotor concrete mixerSB138—B. Obtained methodology could be used for developing of
separated beads " configuration for increasing wear resistance of rotor concrete mixers " scrapers.

Keywords: Concrete mixer, scraper, hydroabrasive wear, wear resistance, electric arc welding.
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AHHOTamMA. B cmamve paccmompen 60npoc npoSHO3UPOSAHUS OCEEbIX COCMAGTAIOUUX CUTbl Pe3aHUs Ha
OCHOGe HOBOU MOOeNU MexXaHuyeckoll 0OpabomKu HeIBONbEeHMHbIX 3youamulx konec. Modens ocnosana Ha
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PREDICTION THE FORCE OF CUTTING ARISING DURING
THE PROCESSING OF NON-EVOLVENT BEVEL GEARS

Abstract. The article considers the question of predicting the axial components of cutting forces based on new
models of machining non—involute bevel gears. The model is based on the methodology of spatial representation of the
cutting scheme. The model allows to calculate many parameters of the modeling process. The physical parameters of
the process are investigated in the virtual environment of the finite—element analysis Deform 3D. This work was
supported by the grant of the Russian Foundation for Basic Research No. 18-38—00037 \ 18.
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OIITUMU3AIIMOHHAA MOAEJIb PEXKUMOB OBPABOTKH 3YBYATbBIX
KOJIEC CTAHAAPTHOTI'O U CIIEIIMAJIBHOT'O ITPODPNJIA

AHHOTamMsl. B cmambe npedcmagieHa ONMUMUBAYUOHHASL MOOelb, NO36ONAIOWAS HAUMU  PedNCUMb]
0bpabomku 3y64amvix Koiec CMAHOApPMHO20 U CReYUdIbHo20 npoduis. B ocnose npedcmasnennoii modenu nexjcum
HOBbIL O pewieHus: 3a0ay¥y ONMUMUAYUU MEXHOIOSUHEeCKUX Onepayuti nooxoo eubpuoHo20 MoOenupoBaHsl.
Tlpeocmagnennviii n00X00 NO36045€M UCHOIL308AMYb OJIsl HAXONCOEHUs 00ACU OONYCMUMBIX 3HAYEHUL PeNCUMO8
00pabomKy KaK aHAIUMUYecKue U SIMNUPUYECcKUe 3a6UCUMOCIU, MAK U 3A6UCUMOCIU, NOTYYeHHble NYMeM NPo6edeHUs
YUCTEHHBIX IKCREPUMEHNO8 8 BUPIMYAIbHOL Cpede.

KawoueBble cioBa: onmumusayusi pejicumos pesanus, o00pabomka 3y0uamvlX KOAEC, AHAIUMUYECKOe
MOOenuposarue, YucieHHoe MoOeIUposanUe, IMRUPULECKOe MOOeTUPO8aHUe, 2UOPUOHOE MOOeIUPOBAHUE
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N.V. KANATNIKOV, S.Yu. RADCHENKO, A.S. PASHMENTOVA, S.A. SHMANEV

OPTIMIZATION MODEL OF PROCESSING MODES
OF CUTTING BEVEL GEARS OF A STANDARD AND SPECIAL PROFILE

Abstract. The article presents an optimization model that allows you to find the processing modes of cutting
bevel gear of a standard and special profile. The presented model is based on the hybrid modeling approach that is new
for solving optimization problems of technological operations. The proposed approach makes it possible to use both
analytical and empirical dependencies and dependences obtained by conducting numerical experiments in a virtual
environment to find the range of permissible values of processing modes.

Keywords: optimization of cutting modes, cutting gears, analytical modeling, numerical modeling, empirical
modeling, hybrid modeling
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KOMBUHHNPOBAHHOMU OITOPbBI C U3MEHSEMbBIMH
JANHAMHNYECKNUMHU XAPAKTEPUCTUKAMUA

AHHOTaUUsl. B cmambe paccmampusaromesi 60RPOChl IKCNEPUMEHMANbHBIX UCCIEO08ANUL JHCECMKOCIMU U
demn@uposanuss  KOMOUHUPOBAHHOU  Onopvl.  [lanHoe  ucciedoganue  HeoOXO0UMO C  Yelvio  NpoGepKu
pabomocnocoonocmu KOMOUHUPOBAHHOU ONOPbL, A Makdice sepudurayuu pazpadomantol panee Mamemamuiecko
modenu. B pabome npedcmagneno onucanue uUcciedyemol Onopvl U IKCnepuMeHmanvbhozo cmenoa. Onucana
uHgopmayuoHHo—UIMepumenvHas —cucmema coopa u obpabomku uHgopmayuu. Pesyromamosl ucnvimauui
CPABHUBANUCH C YUCTEHHBIMU PE3VIbMAMAMU MAMEMAMULECKO20 MOOETUPOBAHUSL.

KutioueBble ciioBa: sicecmrxocmo, demnpuposarue, KOMOUHUPOBAHHASL ONOPA, IKCHEPUMEHMATLHBLU CIMEHO.

Paboma evinonnena ¢ pamxax evinoanenus npoexkma PH® Nel6-19-00186 «lIlhanuposanue
ONMUMATILHBIX RO PACXO0Y IHEPZUU MPAEKMOPULL OBUIHCEHUS POMOPOE8 MEXAMPOHHBIX MOOYNell 6 CPedax Cl0NHCHOU
peonozuuy (paspadbomka mMamemMamu4ecKoii Mooenu u npoeedeHue 6blYUCTUMEIbHO20 IKCHEPUMEHmMa) U
Munucmepcmea nayku u evicuiezo oopazosanus npoekm Ne9.2952.2017/IT9 «Co30anue MHOZOQYHKUUOHATIbHO20
1adopamopHo—memoo00a02uiecKo2o Komnnekca 00uweunIceHepHoll noozomogKu (u3zomoenenue
IKCnepUMEHMAanbHO20 CIMeHOa U nPoeedeHle IKCREPUMEHMAIbHBIX UCCTIE006AHUITL).
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M.E. BONDARENKO

EXPERIMENTAL STUDY OF THE HYBRID BEARING
WITH VARIABLE DYNAMIC CHRACTERISTICS

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.

BIBLIOGRAPHY

1. Gayevik, D.T. Podshipnikovyye opory sovremennykh mashin / D.T. Gayevik // M.: Mashinostroyeniye,
1985. — 248 s.

2. Goryunov, L.V. Osobennosti raboty sovmeshchennoy opory v sisteme aviatsionnogo GTD / L.V. Goryunov,
V.V. Takmovtsev, B.C. Gagay, A.N. Korolev, L.I. Burlakov // Vestnik Kazan. gos. tekhn. un—ta im. A.N. Tupoleva,
1998. — Ne 3. — S. 12-14.

3. Khanovich, M.G. Opory zhidkostnogo treniya i kombinirovannyye opor / M.G. Khanovich. — L.: Mashgiz,
1960. — 272 s.

4. Experimental evaluation of the series hybrid rolling bearing / R.J. Parker, D.P. Fleming, W.J. Anderson,
H.H. Coe. — NASA TN D-7011, 1970. - 27 p.

5. Butner, M.F. Space shuttle main engine long—life bearings / M.F. Butner, B.T. Murphy. —- NASA CR179455,
1986.— 163 p.

6. Nielson C.E. Hybrid hydrostatic/ball bearings in highspeed turbomachiner / C.E. Nielson. — NASA CR—
168124, 1982. — 386 p.

7. Harnoy, A. Hydro—Roll: A novel bearing design with superior thermal characteristics / A. Harnoy, M.
Khonsary // Tribiology transactions, 1996. — Vol. 39. — PP. 455-461.

8. Dun, L. Static characteristics of a new hydrodynamic—rolling hybrid bearing / L. Dun, Z. Wanhua, L.
Bingheng, Z. Juan // Tribology International, 2012. — Vol. 48. — PP. 8§7-92.

9. Jeong, S. Effects of eccentricity and vibration response on high—speed rigid rotor supported by hybrid foil-
magnetic bearing // S. Jeong, Y. Lee // Jourmal of mechanical engineering science, 2015. — Vol. 230. — PP. 994-1006.

10. Feng, K. Experimental evaluation of the structure characterization of a novel hybrid bump-metal mesh foil
bearing / K. Feng, Y. Liu, X. Zhao, W. Liu // Journal of tribology, 2015. — Vol. 138.

11. Delgado, A. Experimental identification of dynamic force coefficients for a 110 mm compliantly damped
hybrid gas bearing / A. Delgado // Journal of engineering for gas turbines and power, 2014. — Vol. 137.

12. Polyakov, R.N. Osnovy teorii i metodologiya rascheta kombinirovannykh opor rotorov: dis. d-ra. tekhn.
nauk: 05.02.02 / Polyakov Roman Nikolayevich. —2017. — 439 s.

13. Bondarenko M.E., Polyakov R.N. Kombinirovannaya opora // Patent RF Ne2561199. 2014. Byul. Ne24.

14. Shenk, KH. Teoriya inzhenernogo eksperimenta / KH. Shenk. — M.: Kniga po Trebovaniyu, 2013 — 321 s.

15. Dzhonson, N. Statistika i planirovaniye eksperimenta v nauke i tekhnike / N. Dzhonson. — Moskva, 1981. —
182 s.

16. Lavrenchik, V.N. Postanovka fizicheskogo eksperimenta i statisticheskaya obrabotka yego rezultatov /
V.N. Lavrenchik. — M.: Energoatomizdat, 1986. — 272 s.

17. Peng, J. Calculation of stiffness and damping coefficients for elastically supported gas foil bearings / J.
Peng, M. Carpino // Transactions of the ASME, 1993. — Vol. 115. — PP. 20-27.

18. Jeong, S. Rigid mode vibration control and dynamic behavior of hybrid foil-magnetic bearing turbo power
/ S.Jeong, D. Jeon, Y. Lee // Journal of Engineering for Gas Turbines and Power, 2017. — Vol. 139.

19. Tian, Y. Structural stiffness and damping coefficients of a multileaf foil bearing with bump foils
underneath / Y. Tian, Y. Sun, L. Yu // Journal of Engineering for Gas Turbines and Power, 2014. — Vol. 136.

Bondarenko Maxim Eduardovich

Orel State University

Assistent of the Department mechatronics, mechanics and robotics
E—mail: maxbondarenko22@yandex.ru

Ne 2 (334) 2019 15




KO]—[TpOJIb, AUArHOCTUKA, UCNILITAHUA U YIIPABJICHUE KAYECTBOM

VK 62-529, 621.314.26

IT.A. BESBMEH, A.Il. BYPLEB, M.C. TEPACUMOB

AHAJIOI'OBAS H IU®POBAS ITUPOTHO-UMITYJIbCHASL
MoOAYJIALIUA B MUKPOKOHTPOJUUIEPHBIX YCTPOUCTBAX
MEXATPOHHBIX CUCTEM

AHHOTaIMS. B OanHOU cmambe Npusedeno uUcciedosanue u papabomana cxema padomvl WUPOMHO—
UMRYIbCHOU MOOYIAYUU, 6 OCHOGe KOMOPOU JeNCUm NPUHYUN De2YTUPOSKU BbIXOOHBIX NAPAMEMPOS INeKMPOHHbIX
YCMPOUCME MEXAMPOHHLIX CUCMEM U NOO0OePHCAHUA UX HA 3A0AHHOM YposHe. Memoo wWUpOMHO—UMNYIbCHOU
MOOYASYUU NPUMEHSEMCSL OJisl Pe2YIUPOBAHUs NAPAMEMPOE MEXAMPOHHBIX YCMPOUCMS, d MAKICe 8 YNpasieHuu O10K08
numanust (BIl) umnynvcnozo muna, 4mo no3eojsiem pezyiuposams SPKOCHb NOOCGEMKU HCUOKOKPUCMATLIULECKUX
oucnnees. 3aoaua LIIUM xonmponnepa cocmoum @ ynpagieHuy CuiO8biM KIOYOM 3d CHEM USMEHEHUs. YIPABIAIOWUX
umnyabcos. Pabomas 6 knioueeom peoicume, mpanH3ucmop HAXO0OUMcs 6 OOHOM U3 08YX COCMOSHUL (NOIHOCMBIO
OMKpbIM, NOTHOCNBIO 3AKPbIM). B 3aKpbimom cocmosnuu mox uepesz p—n—nepexoo He npesbliuaen HecKoabko MKA, a
3HAYUM, MOWHOCMb PACCEUBAHUs CIMPEMUMcs K Hymo. B omkpvimom cocmosinuu, necmomps na 0O01bwioli mox,
conpomuenenue p—n—nepexooa UpemMepHO Maio, Ymo MAKI’ce NPUEOOUm K HE3HAYUMENbHbIM MENLI08bIM NOMEPSIM.
Haubonvuee xonuuecmeo menia 6blOeIslemcs: 8 MOMEHm nepexodd u3 00H020 cocmosiHus ¢ opyeoe. Ho 3a cuém
MAn020 BpeMeHU NepexoOH020 NpoYecca NO CPABHEHUID C YACMOMOU MOOYIAYUU, MOWHOCHb NOMeEPb Npu
nepexnoyenuy Heanadumensia. 3a 0ocHogy npeonasaemcs UCnonwb3oeams cxemy ooHomaxkmuozo LLIAM xommponiepa
UC3843. Mukpocxema cenepupyem npamoyzoivHvle umnyascsl ¢ wacmomoti 120—125 xly, smom cuenan nocmynaem
Ha 3ameop noneso2o mpauzucmopa. Koeda omkpeim mpansucmop, 6 opoccene HAKaniu8aencs: HeKomopas Hepeusl.
Iocne 3axpvimus Kaoya, Opocceib 0moaém HAKONIEHHYIO 9Hepeulo. Dmo seieHue HA3bl8alom CamouHoyKyuetl,
KOMOpoe C8OUCMBEHHO UHOYKIMUBHBIM HAPY3KAM.

KnioueBble ciioBa: MUKpOKOHMpOJIEP, MEXAMPOHHASL CUCMEMA, MOOYISAYUsL, HANPANCEHUe, MAHUNYIAMOp,
CUSHAN, KOMRAPAMOP, AMIIUMYOd, MPAHZUCHIOP, MOWHOCHID.
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P.A. BEZMEN, A.P. BURTSEV, M.S. GERASIMOV

ANALOG AND DIGITAL PULSE WIDTH MODULATION
IN MICROCONTROLLER TECHNICS

Abstract. The paper presents a study and development of pulse width modulation scheme, which is based on
the principle of adjusting the output parameters of electronic devices and maintain them at a given level. The pulse
width modulation method is used to control the parameters of electronic devices, as well as to control the power supply
units (PSU) of the pulse type, which allows to adjust the backlight brightness of liquid crystal displays. The task of a
PWM controller is to control the power transistor by changing the control pulses. Operating in key mode, the transistor
is in one of two states (full open, full closed). In the full closed state, a current through the p—n junction does not exceed
several microamperes, which means that a scattering power tends to zero. In the full open state, despite a high current,
the resistance of the p—n junction is excessively small, which also leads to minor thermal losses. The greatest amount of
heat is released at the time of transition from one state to another. Due to the short transition time, compared to the
modulation frequency, the power loss is not significant during switching of transistor states. There is offered the step—
type PWM circuit based on the UC3843 controller. The micro—circuit generates rectangular pulses with a frequency of
120-125 kHz, this signal goes to a transistor gate. When a transistor is opened, some energy accumulates in a choke,
and when a transistor is closed, a choke gives the accumulated energy. This phenomenon is called self-induction, which
is inherent in inductive loads.

Keywords: microcontrollers, pulse width modulation, voltage, signal, comparator, amplitude, transistor,
power.
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E.E. [TPOKOIIOB, A.B. TOPH

METO/JAbI NCCJIIEAOBAHUSA TPOLNECCOB B CUCTEMAX
BUBPO3AIIUTHI C YHPABJIIEMOM )KECTKOCTBIO

AHHOTANMSA. B cmambe paccmampusaromes Memoobl UCCIe008aAHUsL NPOYECCO8 8 CUCMEMAax eUOPO3auumbl ¢
ynpaensiemou dcecmrocmuio. IIpedcmasnenvl pacuemmuvie cxemvl U MAMEMaAmuieckas MOOeib CUCIeMbl 8UOPO3AUUMbl
C NepeKIyYaeMoll HeCmKOCmbI0 Hecyuje2o ynpyeoeo 36ena. Ilpusedenvt pe3yromamvl uCCie008anUll, NO360IA0OUUE
coenams 6bl800, UYMO, HECMOMPS HA CYWECMBEHHO HEeIUHElNbIl Xapakmep KoieOanutll, makue napamempvl Kax
nepemewenue 3auuuaemozo obvekma u dehopmayust ynpy2o2o 36ena Oau3Ku K 2apMoHudeckum. Boinonneno onucanue
U aHau3 2paghukos cKopocmu u yckopenusi 06vexma., Jist nepevix epaghukos XapaKmepho HAIUYUe NOA02UX YUACIKOS
(u310M08), 0OPAZYIOWUXCSE  BCTEOCMBUE NEPEKTIOHUEHUsL JHCECKOCMU, d 6MOopble UMEIOM  SPKO  GblPAICEHHbIL
Henunelinvlll xapaxmep. Paccmompenvl ycmanogusuiuxcsi Konebanusix 6 3ape3oHancHoll 30He. Bvisenen onmumanvhulii
aneopumm ycioeusi NepekitoYeHUll HCeCMKOCMU, CEA3AHHbIL CO CMEHOU 3HAaKa Npou3eedenus abCoMomHol U
OMHOCUMENbHOU CKOPOCMU, NPU COOMEEMCMEYIOUleM COOMHOWEHUU JCeCmKocmell obecneuusaem MOHOMOHHOE
CHUDICeHUE YPOsHell KOJIeOanHull 3auunjaemozo 00bekma Ha cem pabouem Ouanasone 4acmon.
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E.E. PROKOPOV, A.V. GORIN

RESEARCH METHODS OF PROCESSES IN VIBRATION PROTECTION
SYSTEMS WITH CONTROLLED HARDNESS

Abstract. The article discusses the methods of research processes in the systems of vibration protection with
controlled stiffness. Presented design schemes and a mathematical model of the system of vibration protection with
switchable stiffness of the carrier elastic link. The results of studies are presented, which allow to conclude that, despite
the essentially non—linear nature of the oscillations, such parameters as the movement of the protected object and the
deformation of the elastic link are close to harmonic. A description and analysis of the velocity and acceleration graphs
of the object has been carried out. For the first graphs, the presence of shallow sections (kinks) resulting from stiffness
switching is characteristic, and the latter have a pronounced non—linear character. Considered steady—state
oscillations in the resonance zone. The optimal algorithm for stiffness switching conditions associated with a change in
the sign of the product of absolute and relative speed is revealed, with a corresponding ratio of stiffness provides a
monotonous decrease in vibration levels of the protected object over the entire operating frequency range.

Keywords: vibration, vibration isolation, rigidity, diagram, mathematical model, waveforms.
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JLA. CABVH, A.Y1. MUHAEBCKMI1, A.B. CbITUH, A.B. IIIEBEJIEB

HANPAXKEHHO-AE®OPMHUPOBAHHOE COCTOAHHUE YIIPYI'UX
QJIEMEHTOB I'A3OAUHAMUWYECKHUX ITIOAHIUITHUKOB

AHHoOTanust. [Ipogeden amanuz npumMeHeHus: U NPUHYUNOE pacyema JenecmKosblx 2a300UHAMUYECKUX
noowunHuKkos. Paccmompenvl pacuemnvle cxemvl MHOZONENECMKOBbIX U OOHOLENECMKOBbIX NOONPYICUHEHHBIX ONOP.
Paspabomanvl mamemamuueckue Mmodenu O pacuema HANPANCEHHO—0ePOPMUPOBAHHO20 COCMOSAHUA  YRPYSUX
INEMEHMO8 HNOOUUNHUKOB C UCNOTb306AHUEM OA308bIX 6APUAHMO8 HA OcHOGe 0anok u obonouex. Ilpedcmasnena
UMepayuoHHas cxema pacyema HanpsdiceHuil u oepopmayuti 8 Ynpysux 31eMeHmax NOOUUNHUKOS C VUemom
nozeu oOaenenull 8 cmazouHom cioe. Paspabomano onsa onpedenenus noneu oaeneHuil u nosaeti oegopmayuil.
Ilposedeno modenuposanue HANPSAANCEHHO—OEPOPMUPOBAHHO20 COCMOSHUSL  IENeCMKO8 8 NPOSPAMMHOM
xomnnexce ANSYS.

KaioueBble ciioBa: enecmrosulil 2a300UHAMUYECKUI NOOWUNHUK, POMOPHAsL CUCMEMA, PAcYemudsi cxemd,
NoAs 0AGNeHUTL, MAMEMAMULECKASI MOOelb, 0eQhOPpMAyUlL, HANPANCEHHO—OeDOPMUPOBAHHOE COCMOSIHUE.
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ONMUMATIBHBIX HO PACX00y IHEPUU MPACKMOPUIL 0BUIICCHUSL DOMOPO8 MEXAMPOHHBIX MOOYIeil 6 cpedax
CNIOXMCHOUL  peoniozuuy  (Paspadoomka Mamemamuieckoul Mooenu U HpPOoGeOeHUe  BbIYUCTUMETbHO20
axcnepumenma) u Munucmepcmea nHayku u evicuiezo oopazoeanus npoexkm Ne9.2952.2017/I19 «Co3danue
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L.A. SAVIN, A.I. MINAEVSKY, A.V. SYTIN, A.V. SHEVELEV

STRESS-STRAIN STATE OF ELASTIC ELEMENTS
OF GAS DYNAMIC BEARINGS

Abstract. The analysis of the application and principles of calculation of foil gas—dynamic bearings. The
design schemes of multi—foil and single—foil spring—loaded supports are considered. Mathematical models for
calculating the stress—strain state of the elastic elements of bearings using basic variants based on shells have been
developed. An iterative scheme for calculating the stresses and strains in the elastic elements of bearings with regard to
the pressure fields in the lubricant layer is presented. Designed to determine pressure fields and strain fields. The
simulation of the stress—strain state of the foil in the software package ANSYS.

Keywords: foil gas—dynamic bearing, rotor system, design scheme, pressure fields, mathematical model,
deformations, stress—strain state.
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A.B. CBITHUH, A.B. KY3ABKA, A.1. MUHAEBCKMIA, A.B. IIIEBEJIEB

INPOEKTUPOBAHUE MEXATPOHHBIX YIIOPHBIX IIOAUIINITHUKOB
CKOJIB’KEHUA C BUMOP®HBIMU YIIPYT'UMU DJIEMEHTAMUA

Annomayus. B cmamve paccmampuaiomcss a0anmueHvle ONOpbl  POMOPOE  8bICOKOCKOPOCHIHbIX
mypbomawiun. B kauecmee Onop GulOpambl MeXampoHHble 2A300UHAMUYECKUe NOOULUNHUKU C YRPYeO—noOamaugou
ONOPHOU NOBEPXHOCMbIO. ABMOpPLL Npednazaiom 6 Kadecmee YHpYeux dNeMeHno8 — MHO2OCIOUHble JIeneCmKu ¢
npuMeHeHuem OUMOPPHLIX Nbe30INEKMPUYECKUX DNIEMEHMO8, PAOOMAIOWUX 6 PelNCUMe 2eHepamopa Oisi OnpeoeieHus
Oechopmayuii ynpyeux snemMenmos, a Mmaxdice 6 pedcume akmyamopa Oasi (opMuposanus ONMuMaibHol ONOPHOU
nosepxnocmu. Ilpedcmagienvl 0cHo8Hble CHOCOObL, 0COOEHHOCMU U OCHOBHblE XAPAKMEPUCMUKU NOOKIIOYEHUs
oumopghos k ucmounuxy numanusi. Ilpeonosicena Konyenyus MHOLOCIOUHBIX YNPYSUX DIEMEHMO8, TMEXHOI0SUYECKUL
npoyecc Uux U320MoSNeHUs. U pe3yabmamsl NPAKMUYecKoll peanlu3ayui 6 6ude MexampoHHO20 MHO20IEeNeCHKO8020
2a300UHAMUYECKO20 — NOOWUNHUKA ¢ OuMOpubiMu  nbe3odnekmpudeckumy  jgenecmxkamu.  Ilpedcmaenena
Mamemamuyeckas mooeib 0aHHO20 6uda ONOP HA OCHOBAHUU YpaeHeHuss Pelinonvoca 0151 clos 2a3060U CMA3KU, d
Maksice ypasHeHue nbe3021eKmpuieckozo sggdexma.

Kniwouegvle cnoea: Oumopghuuii  dnemenm, JenecmKosulil  2a300UHAMUYECKUN  NOOWUNHUK, aKMUBHOE
VApasieHue, MexampoHuKd, Nbe303J1eMeHm
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A.V.SYTIN, A.V. KUZAVKA, A.I. MINAEVSKIY, A.V. SHEVELEV

DESIGNING MECHATRONIC RESISTANT SLIDING BEARINGS
WITH ELASTIC BIMORPH ELEMENTS

Abstract. The present paper considers adaptive rotor bearings of high—speed turbomachines. The mechatronic
gas dynamic bearings are chosen with elastic surface. Authors suggest using multilayer foils with bimorph piezoelectric
elements that operate in the generator regime to determine the deformation of elastic elements and in the actuator
regime to form an optimal bearings surface. The paper shows basic methods, main features and characteristics of
bimorph connection to the power supply. A concept of multilayer elastic elements, technological process of their
manufacturing and results of their application to a mechatronic foil gas dynamic bearing are presented. A
mathematical model of the bearings in question is shown based on the Reynolds equation for the gas film, equations of
theory of elasticity and additional expressions for consideration of the piezoelectric effect. The surface area of every
elastic element is described using the momentum theory of thin—walled nonclosed cylindrical shells and the effect of
bimorph piezoelements is taken into account by means of setting the boundary conditions along the free generatrix of
each element.

Keywords: bimorph element, foil gas dynamic bearing, active control, mechatronics, piezoelemen.
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N.I'. YCUKOBA, C.I'. IIOIIOB, H.B. TOKMAKOB

MEXATPOHHBIE CUCTEMBI KOHTPOJIA U YIIPABJIEHUSA
OCBEIIEHHUEM B «YMHOM» IOME

AHHOTAUUs. B cmamve npedcmasienvi MexampoHHvle cUcmemvl oceewjeHus. /laH auanu3 npumeHeHus
MeXampoHHbIX MEXHON02ULl 8 cucmeme ocgeujenus. Paccmompeno npumenenue mexampornno2o mooyas MegaD—328
npu  paziuunelx munax nookuodenus. Iloxkazan ancopumm pabomvl cucmemvbl YNpAasieHusi OCGEUeHUeM C
npumMeHeHuem cepeepa U Mexamponnozo mooyasi MegaD—328. Jlamwi pexomenoayuu no NpUMEHEeHUIo
MeXampOHHbBIX CUCIEM OCEEUjeHUS].

KnioueBble ciioBa: cucmema oceeujenus, cucmema «YMHuIlL 00M», KOMPOILEP, MeXAmMpPOHHbIL MOOYilb,
MEXAHU3M.
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[.G. USIKOVA, S.G. POPOV, N.V. TOKMAKOV

MECHATRONICS SYSTEM OF CONTROL AND LIGHTING
IN THE «<SMART HOUSE»

Abstract. The article presents the mechatronics system of lighting. The analysis of using the mechatronics
technology in the lighting system is given. The application of mechatronics module MegaD—328 for different types of
connection is considered. The algorithm of the lighting system with using the server and mechatronic module MegaD—
328 is shown. Recommendations of using the mechatronics lighting systems are given.

Keywords: lighting system, "smart house", controller, mechatronic module, mechanism.
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P.H. IIOJIFIKOB, IT.1. PBDKEHKO

HOBBIE ITOAXOAbI K MPOEKTUPOBAHUIO BETPOI'EHEPATOPOB
JJIA QKCIVIYATAIIMN B OKCTPEMAJIBHBIX YCJIOBUAX

AHHOTAamMA. B cmamve paccmampusaromcs 0a306vie  NPUHYUNLL  QYHKYUOHUPOBAHUA ~MOOUNLHO20
gempozeHepamopa—mpanc@opmepa, Komopbvli No360asem Nogulcumv  dPPeKmueHocms U YerecooopasHoCcmy
IKCNIIYamayuy 8 YCl08UAX HUSKUX MeMnepamyp dKCcmpemanvHo2o kiumama. Mexanusm pabomvl KOMOUHUPOBAHHO20
sUHmMa—mpancgopmepa npeononazaem pabomy 6 08yX pa3eepHymulX PeICUMAx, blOUPAEMbIX NPU PAHBLIX CKOPOCMAX
gempa 015 6onvuiell snep20IhpexmusHocmu; npu crabom eempe — 8epmuUKAIbLHO—0CEEO PEICUM, NPU CUTLHOM Gempe
— NPONENIepHbIll PedNCUM, d Makdce, CKIAOHOU 6HepAbOHUll pedrcuM, NO36ONANOWUL 1e2KO MPAHCHOPMUPOBAmMb U
MOHMUPOBAMb 8eMPOEHePAMOp 6 HO8bIX mpebyemuvix nokayuax. Onucvigaemcs u 060CHOBbIBAECMICA 603MOHCHOCD
UCHONIb30BAHUA MOOUNBHO20 BEMPOEHEPANOPA—MPAHCHOpMEPa, uUMewe20 KOoIuYeCmeeHtbvle, KauecmeeHHbvle U
CMOUMOCMHbIE NPeUMyujecmea nepeo CyWecmeyiowuMy HenpaMbIMU aHAI02aMu, HPUMEHAEMbIMU 6 pecUOHAaX
Apxmuxu u Kpatinezo Cesepa.

KnaroueBble cll0Ba: 60300H06151eMan  HepeemuKa, pasgumue ApKkmuky, NOpmMamueHulii 2eHepamop,
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R.N. POLYAKOV, P.I. RYZHENKO

NEW APPROACHES TO THE DESIGN OF WIND TURBINES
FOR OPERATION IN EXTREME CONDITIONS

Abstract. The article discusses the basic principles of the operation of a mobile wind turbine—transformer,
which allows to increase the efficiency and feasibility of operation in conditions of low temperatures, extreme climates.
The mechanism of operation of the combined rotor—transformer assumes work in two deployed modes, selected at
different wind speeds for greater energy efficiency, with weak wind — vertical-axial mode, with strong wind — propeller
mode; as well as a folding non—working mode, which makes it easy to transport and install a wind turbine in the new
locations required. The possibility of using a mobile wind turbine—transformer, which has quantitative, qualitative and
cost advantages over the existing indirect analogues used in the regions of the Arctic and the Far North, is described
and justified.

Keywords: renewable energy, the development of the Arctic, a portable generator, a combined wind rotor, a
wind turbine—transformer.
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A.1O. KOPHEEB, JI.A. CABIH, E.B. MUIIIEHKO

BJIUSAHUE TEMIIEPATYPHBIX JE®OPMAIINI POTOPOB
HA XAPAKTEPUCTUKH KOHUYECKHUX ITOAUIUITHUKOB
AKNJIKOCTHOI'O TPEHUA

Annoranusi. Chopmynuposana u npeoiodceHa UHNCEHEPHAST MemOoOUKa paciema paoudibHO20 3a30pa 6
CMA30YHOM Cl0e KOHUYECK020 NOOWUNHUKA C YHemOoM MeMNepamypHulx oeopmayuil 6 ONOPHbIX, YIIOMHUMETbHbIX
yempotucmeax. ObBOCHOBAHbI OUANA3OHBI UMEHEHUs. 2eOMeMmpPUuiecKux napamempos, obecneuugarowux mpedyemvie
nokasamenu pabomocnocoOHOCmU NOOWUNHUKOS.

Knrouesvie cnoea: rouuueckue HOOWUNHUKU JHCUOKOCMHO20 MPEHUs, 2PY30N00beMHOCMb  (Hecyuyas
CROCOOHOCMB), NOASL 0ABNEeHUll, PeaKkyuu CMA304HO020 CI0sl, 9KCYEHmMpUCcUmem, memnepamyphvle oedopmayuu,
PAoUanbHblil U 0CeBol 3a30p.

Paboma evinonnena é pamkax npoekma I'3 ¥¢9.2952.2017/114.
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A.Yu. KORNEYEV, L.A. SAVIN, E.V. MISHCHENKO

THE INFLUENCE OF THE TEMPERATURE DEFORMATIONS
OF ROTORS ON THE CHARACTERISTICS OF CONICAL LIQUID
FRICTION BEARINGS

Abstract. The engineering method of calculation of the radial clearance bearing in the lubricant layer with
temperature deformations in the supporting, sealing units is considered. The ranges of the changes of geometrical
parameters for required performance parameters of conical liquid friction bearings are substantiated.

Keywords: conical liquid friction bearings, load—carrying capacity, pressure fields, lubricant layer reactions,
eccentricity, temperature deformations, radial and axial clearance.
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E.O. APUCKHH, P.A. JIUCHUH, M.P. MUHHEBAEB, B.M. COJIJATKNH

JNHAMMNYECKHUE XAPAKTEPUCTHUKU U ITIOT'PEIITHOCTHU
CUCTEMBI KOHTPOJIA HAPAMETPOB BEKTOPA
BETPA HA BOPTY BEPTOJIETA C HOHHO-METOYHbBIMHA
N ASDPOMETPUUYECKUMU USMEPUTEJIBHBIMU KAHAJTAMUA

AHHOTanUs1. Paccmampusaiomest oepanuyenue no ucnoib308aHuio a3poopoMHBIX CPeOCmE U NpeuMyyecmsd
cucmembl KOHMPOJSL NApaAmMempo8 6eKmopa eempa Ha OOpmy 6epmosiema HA OCHOBE HENOOBUICHOZO NPUEMHUKA C
UOHHO—MEMOYHBIMU U AIPOMEMPULECKUMU USMEPUMENbHLIMU KaHariamu. [Ipueooumces cmpykmypHO—@yHKYUOHATbHAS
cxema U OUHAMUYECKUEe XAPAKMEPUCIUKU USMEPUMENbHBIX KAHANO08, paA3pabamvleéaromcs MoOenu OUHAMUYECKUX
nozpeutHocmell Kanauo8 CUcmemvbl npu 0emepMUHUPOBAHHBIX U CYYAUHBIX 6030€UCBUSIX.

KaioueBble clioBa: 6epmoném, 6ekmop empd, NApAMempbl, KOHMPOTLb, CUCMEMA, UOHHO—MEMOUHble U
aspomempuyeckue  Kaual,  OUHAMUYECKUE  XAPAKMEPUCMUKU,  MOOelu  OUHAMUYECKUX  nozpewnocmetl,
demepMUHUposannvle U CIyualnsie 6030elicmausl.
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E.O. ARISKIN, R.A. LISIN, M.R. MIFTAHOV, V.M. SOLDATKIN

THE DYNAMIC CHARACTERISTICS AND ERROR CONTROL
PARAMETERS OF THE WIND VECTOR ON BOARD
THE HELICOPTER WITH THE ION-TAGGING AND AEROMETRIC-
RELATED MEASURING CHANNELS

Abstract. The article considers the limitation of the use of airfield facilities and the advantages of the control
system of the wind vector parameters on Board the helicopter based on a fixed receiver with ion—marker and
aerometric measuring channels. The structural—functional scheme and dynamic characteristics of measuring channels
are given, models of dynamic errors of system channels are developed under deterministic and random influences.

Keywords: helicopter, wind vector, parameters, control, system, ion—label and aerometric channels, dynamic
characteristics, dynamic error models, deterministic and random effects.
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MODELS AND ESTIMATION OF INSTRUMENTAL ERRORS
OF THE VORTEX CONTROL SYSTEM OF VELOCITY-SPEED
PARAMETERS OF SUBSONIC AIRCRAFT

Abstract. The advantages, constructive—functional scheme and information processing algorithms of the
vortex control system of velocity—speed parameters of subsonic aircraft are considered.

The sources and methods of the model of instrumental errors of the measuring channels of the vortex system
are revealed. The quantitative estimation of instrumental errors in the operating ranges of operation to the subsonic
aircraft is given.

Keywords: subsonic aircraft, velocity—speed parameters, control, vortex system, constructive—functional
scheme, algorithms, instrumental errors, measuring channels, models, quantitative estimation.

BIBLIOGRAPHY

1. Kljuev, G.I. Izmeriteli dinamicheskih parametrov letatelnyh apparatov / G.I. Kljuev, N.N. Makarov, V.M.
Soldatkin, I.P. Efimov: Uchebnoe posobie. Uljanovsk: 1zd—vo Uljanovsk. gos. tehn. un—t, 2005. — 590 s.

2. Soldatkin V.M. Metody i sredstva izmerenija ajerodinamicheskih uglov letatelnyh apparatov / V.M.
Soldatkin. — Kazan: Izd—vo Kazan. gos. tehn. un—ta, 2001. — 448 s.

3. Alekseev N.V. Sistemy izmerenija vozdushnyh signalov novogo pokolenija / N.V. Alekseev, E.S.
Vozhdaev, V.G. Kravcov i dr. Aviakosmicheskoe priborostroenie. — 2003. — Ne8. — S. 33-36.

4. Patent RF na izobretenie Ne2506596, MPK GO1 P 5/20. Vihrevoj datchik ajerodinamicheskogo ugla i
istinnoj vozdushnoj skorosti / V.M. Soldatkin, E.S. Soldatkina. Zajavl. 16. 07. 2012. Zajavka Ne2012130110/28. Opubl.
24.04.2013. — Bjul.Ne12.

5. Efremova E.S. Imitatsiya vozdushnykh signalov pri kontrole funktsionirovaniya bortovykh kompleksov
samoleta / E.S. Efremova // Fundamentalnyye i prikladnyye problemy tekhniki i tekhnologii. 2016. — Ne2(316). — S.
127-134.

6. Efremova E.S. Matematicheskiye modeli i kolichestvennaya otsenka metodicheskikh pogreshnostey
vikhrevoy sistemy kontrolya vysotno—skorostnykh parametrov poleta / E.S. Efremova. R.V. Soldatkin //
Fundamentalnyye i prikladnyye problemy tekhniki i tekhnologii. 2018. — Ne2(328). — S. 148-155.

7. Braslavskiy D.A. Tochnost izmeritelnykh ustroystv / D.A. Braslavskiy. V.V. Petrov. — M.:
Mashinostroyeniye. 1976. — 312s.

8. Soldatkina E.S. Analiz metrologicheskikh kharakteristik vikhrevogo datchika aerodinamicheskogo ugla i
istinnoy vozdushnoy skorosti / E.S. Soldatkina. V.M. Soldatkin // Fundamentalnyye i prikladnyye problemy tekhniki i
tekhnologii. 2016. — Ne2(298). — S. 111-117.

9. [Elektronnyy resurs]. URL: www.aeropribor.ru

10. GOST 4401-81. Atmosfera standartnaya. Parametry. — M.: [zd—vo Standartov. 1981. — 179s.

Efremova Elena Sergeevna Miftakhov Bylat Ilgizarovich

FSBEI HE « Kazan National Research Technical FSBEI HE « Kazan National Research Technical
University named after A.N.Tupolev—KAl», Kazan, University named after A.N.Tupolev—KAlI», Kazan,
Assistant of department «Devices and information— Undergraduate of department «Devices and information—
measuring systemy measuring systemy»

420111, Kazan, K.Marksa str,10 420111, Kazan, K.Marksa str,10

Ph. 8(843)231-03-84 Ph. 8(843)231-03-84

E-mail: w—sokdatkin@mail.ru E—mail: w—sokdatkin@mail.ru

Ne 2 (334) 2019 33




KO]—[TpOJIb, AUArHOCTUKA, UCNILITAHUA U YIIPABJICHUE KAYECTBOM

VK 537.322.9

0.1. MAPKOB

OIITUMMBALIUA DOPPEKTUBHOCTHU CTYIIEHYATOI'O
TEPMOJJIEMEHTA

AuHoTamusi. Ha ocHoGe — HUCIeHH020 MOOENUPOBAHUS. NPOBEOeHAd  ONMUMUSAYUSL — MENI08bIX U
MepMOdIeKMPUIECKUX NPoYecco8 8 8emesx CMyNneHuamozo mepmodnekmpuyecko2o oxaadumens Ilenomve. Ilnockas
Mamemamuyeckas MoOelb OCHOBAHA HA YPABHEHUSX CMAYUOHAPHOU MenIoOnpPO8OOHOCHU C PACHPEOeleHHbIMU
UCmouHUKamu meniosvloeienus. B cmamve npedcmasnenvl pe3yibmamvl ONMUMU3AYUU MENJOGbIX NPOYECCO8 6
CMYNEHYamom mepMOINEeKMPUIECKOM oXaaoumerne.

KaioueBble ciaoBa: mamemamuyeckoe MOOeIUPOSAnUe, MEMNEpamypHoe noie, MmMeepoomebHble
mepmoaekmpuyeckue oxnaoumenu Ilenomoe, 60K080U 0MBOO menaa.
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OPTIMIZATION OF EFFICIENCY OF THE STEP THERMOELEMENT

Abstract. Numerical modeling thermal and thermoelectric processes in a branch of step thermoelectric cooler
of Peltier is executed. The mathematical model based on the equations of stationary heat conductivity with distributed
sources of a thermal emission, uses performance data of thermoelectric modules as initial data. Results of numerical
modeling of thermal fields are presented

Keywords: Mathematical modeling, temperature field, solid—state thermoelectric coolers Peltier, lateral heat
removal.
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VJIK 615.47

P.A. CTEITAIIOB, JI.B. CTAPOJIYBIEBA, E.H. KOPEHEBCKAZ, B.U. ®EASHNH

MATEMATHUYECKHWE MOJIEJIA ITIPOTHO3UPOBAHUSA 3ABOJIEBAHUM
CUCTEMBI IBIXAHUSA ITPOBOLIUPYEMbBIX KOHTAKTOM
C AJOXUMHUKATAMHU HA OCHOBE HEUETKOMU JIOT'UKH
NPUHATHUS PEIIEHUI

AHHOTAUUS. B cmamve npediazaemcsi Mamemamuyeckas Mooelb NPOSHO3UPOSAHUsL 3a00JIe8AHUL CUCTEMbl
ObIXAHUSL Y PABOMHUKOE KOHMAKMUPYIOWUX C SOOXUMUKAMAMU NOCHPOCHHAS C UCHONb308AHUEM MEMOO0I02UU
cunmesa SUOPUOHBIX HEYEMKUX Peulaiowux npasuil, 06ecneuusaiowds Y8epenHoCmy 6 NPUHUMAEMbIX DeUleHUsX He
nuoce 0,85.

KioueBble  CJI0BA:  NPOCHO3UPOBAHUE,  HeYemKds — JO2UKd,  Ccucmemda  ObIXAHUSL, — SOOXUMUKANbL
Mamemamuyeckas MooeJb.
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R.V.STEPASHOV, L.V. STARODUBTSEVA, E.N. KORENEVSKAY, V.I. FEDYANIN

MATHEMATICAL MODEL FOR PREDICTING DISEASES
OF THE RESPIRATORY SYSTEM CAUSED BY THE CONTACT WITH
TOXIC CHEMICALS BASED ON FUZZY LOGIC DECISION-MAKING

Abstract. The article proposes a mathematical model for predicting diseases of the respiratory system in
workers in contact with toxic chemicals, built using the methodology for the synthesis of hybrid fuzzy decision rules,
providing confidence in the decisions made not lower than 0.85.

Keywords: forecasting, fuzzy logic, respiratory system, toxic chemicals mathematical model.
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A.B. XKUIKOB

SJEKTPOPE3UCTUBHBIIA METO KOHTPOJISI COCTOSIHUS
TPUBOY3JIA (HA ITIPUMEPE DOHIAOIIPOTE3A TASOBEJAPEHHOI'O
CYCTABA C TAPO TPEHUSA «METAJJI-METAJLT») 1 OHEHKA ET'O
JJOCTOBEPHOCTH B TIPOCTPAHCTBE MEHBIIIEA PASMEPHOCTH

AHHOTaIMs1. B cmamve paccmompen 91eKmpope3sucmughblil Menoo, COCIosuull u3 6 3manos hopmuposanusi
U 06pabomKu INEKMPUUECKO20 CUSHANA QIYKMYUPYIOWe20 CORPOMUGIEHUST KOHMAKMA MpUbOCONpsdiCeus co
cehepuueckoul ghopmoti demanei. Ilpoananusuposana kiacmepusayusi OAHHbIX 4 K1ACCO8 NO UCXOOHbIM NPUSHAKAM. B
Kavecmee VayuuleHusi PAcno3HABAHUsI KIACCO8 UCCIEeOYeMbIX 00beKmos Klaccuurayus oOvbekmos nepeseoeHd 6
NPOCMPAHCIMBO MeHbUEN PASMEPHOCIU ¢ NOMOWDBIO TUHENH020 OUCKPUMUHaHMHOo20 ananu3 (JI[A) u memooda enasHuvix
komnonenm. Iloocuumana anocmepuopuas 6eposIMHOCHb PACHO3HABANUSL 00pA3a 06bEeKMa OISt KANHCA020 KAcca.

KiroueBble cioBa: mpubomonumopune, mpuboconpsicenue, Kiacmepusayus, TUHeUHbll OUCKPUMUHAHMHbIL
aAHAU3, MEMOO 2NABHBIX KOMHOHEHM.
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A.V.ZHIDKOV

ELECTRORESISTIC METHOD FOR MONITORING THE CONDITION
OF A TRIBO-UNIT (ON THE EXAMPLE OF ENDOPROTHESIS OF THE HIP
JOINT-VA WITH A METAL-METAL FRITION FRONT) AND ESTIMATION

OF ITS RELIABILITY IN A SPACE OF LESS DIMENSION

Abstract. The article discusses the electroresistive method, which consists of 6 stages of forming and
processing the electrical signal of the fluctuating resistance of a tribojunction contact with a spherical shape of parts.
The clustering of data of 4 classes according to the initial features is analyzed. As an improvement in the recognition of
classes of objects under study, the classification of objects has been translated into a smaller dimension space using
linear discriminant analysis (LDA) and the principal component method. The posterior probability of recognizing the
image of an object for each class has been calculated.

Keywords: tribological monitoring, tribocoupling, clustering, linear discriminant analysis, principal
component method.
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}0.H. UBAHOB, H.B. IABBIJIOBA, .H. UIIIYTHH, A. 1. BOMIIEXOBCKUI

HEWPOCUHTE3 BE3bI3BBITOUHOM CUCTEMbBI IOKA3ATEJIEN
KAUYECTBA CPEJICTB 1 KOMIIJIEKCOB CBSI3U B MHTEPECAX
MPOTHO3UPOBAHUS UX TEXHUYECKOI'O YPOBHS

AHHOTANUsI. B cmamve npedcmasien aneopumm 6bibopa 06vEmMa u HOMEHKIAmypbl nokazamenei Kaiecmsa
cpedcme U KOMNJIEKCO8 C8:3U B0€HHO20 HA3HAYEHUsl, NOCMPOEHHbIL HA OCHO8e UCKYCCMBEHHbIX HEeUPOHHbIX cemell, 8
unmepecax MpPOSHOUPOBAHUS UX MEXHUYECKO20 YPOBHS U NO360MSUIOWUL NOBbICUMb O0OBEKMUBHOCMb 300aHUS
UCXOOHBIX OAHHBIX 8 Yacmu 8b100DA BAJCHBIX NOKA3ameJlell Kauecmad.

KiroueBble ciioBa: kauecmeo, cucmema noxasameneu, NpozHO3, MeXHUYECKULl YPOBeHb, KOMNIEKCbl C8:3MU,
800pYJICEHUe, BOCHHAS MEXHUKA.
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Yu.N. IVANOV, N.V. DAVYDOVA, ILN. ICHOUTIN, A.I. VOYTSEKHOVSKIY

NEUROSYNTHESIS OF THE IRREDUNDANT SYSTEM OF INDICATORS
QUALITIES OF MEANS AND COMPLEXES OF COMMUNICATION
IN INTERESTS FORECASTING OF THEIR TECHNOLOGICAL LEVEL

Abstract. The article presents an algorithm for selecting the volume and nomenclature of quality indicators of
military communication facilities and complexes, built on the basis of artificial neural networks, in order to predict
their technical level and to improve the objectivity of the initial data in the selection of important quality indicators.

Keywords: quality, system of indicators, forecast, technological level, communication complexes, arms,
military equipment.
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YBaxkaemble aBTOPbI!
IIpocum Bac 03HaKOMHUTBCSI C OCHOBHBIMH TPeOOBAHUAMM
K 0()OpMJIEHHIO HAYYHBIX CTaTel

e OO0BeM MaTepuaia, MpeaiaraeéMoro K IyOJIMKaIiK, U3MEpSeTCs CTpaHUIlaMH TEeKCTa Ha
muctax (opmara A4 u comepxuT oT 4 10 10 cTpaHUIl; Bce CTPAHUIBI PYKOMHCH JOJKHBI UMETh
CIUIOIIHYIO HyMepaIuIo.

e CraThs ipenocTaBiseTcs B 1 sk3eMIusipe Ha OyMaKHOM HOCHUTENE U B SJIEKTPOHHOM BHJIE
(0 ANIEKTPOHHOM MOYTE UK Ha TI0OOM SIEKTPOHHOM HOCHUTETIE).

e BogHOM CcOOpHUKE MOXKET OBITh OIyOJMKOBaHA TOJBKO OJHA CTaThsl OJHOI0 aBTOpA,
BKJIIOYasi COAaBTOPCTRO.

e [lapamerpsl Habopa. [lons: 3epkayibHBIE, BEpXHEE, JEBOE, TpaBoe — 2 CM, HIKHee — 1,6
cM, neperieT — 0. OTCTyIbI 10 KOJOHTUTYJIOB: BepxHero — 1,25 cm, HmwxkHero — 0,85 cm. Teker
HabupaeTcs B 0aHY KOJIOHKY, mpudT — Times New Roman, 12 nt. OtcTyn nepBoii cTpoku ab3ana —
1,25 cm. BreipaBHUBaHHE — 1O MUPUHE. MEXIYCTPOUHBIA MHTEPBANT — €IUHUYHBIA. BKIIOYUTH
ABTOMATUYECKUI MepeHoc. Bce KaBBIUKM JOHKHBI OBITH YIVIOBBIME (« »). Bce cCHMBONBI «THUPE»
JOJKHBI OBITH CPETHEr0 pazMepa («—», a He «-»). Hauepranue uudp (apaOCkux, puUMCKHX) BO BCEX
3JIEMEHTaX CTaThH — MIPsIMOE (HE KYypCHB).

e CTpyKTypa CcTaThu:

VIIK;

Criucok aBTopoB Ha pycckoM s3bike — 12 T, BCE ITPOIIMCHBIE B ¢popmare N1.O. DAMUJIINA
10 HeHTPY 0e3 a03alHOro OTCTVIA;

Haspanwue (He Gonee 15 cioB) Ha pycckoM sizbike — 14 nT, nmogay:xupabiM, BCE IIPOIIMCHBIE
10 HeHTDPYV 0e3 a03alHOr0 OTCTVIA;

Annoranus (He menee 200-250 coB) Ha pycckoM sa3bike — 10 T, KYDCUB;

KiroueBbie crioBa Ha pycCKOM si3bIKe (HE MeHee 3 CIIOB WM cllioBocoueTanuii) — 10 nT, Kypcus;
Texkct cTaThu;

Cnmcok nuteparypsl (B nmopsiake uuruposanus, [OCT 7.1-2003) Ha pycckoM sA3BIKE, 3ariaBHe
criucka auteparypsl — 12 nr, moayv:kupabiM, BCE ITPOIIMCHBIE no neHTpy 6e3 ad3amHoro
orcTyna, mureparypa ohopmisercs 10 orT.

Caenenus 00 aBTopax Ha pycckoM si3bike — 10 . [IpuBoasTCS B Takol MOCIe10BATEIBHOCTH:
damunus, uMs, OTIYECTBO;

VUPEKICHUE WIH OPTaHU3AIHS;

ydeHasi CTENeHb, YU€HOE 3BaHHE, TOJKHOCTB;

aapec,

TenedoH;

3JIEKTPOHHAS TIOYTA.

¢ Ha3panue crarby, (paMUIUU U MHUIIMATIBI AaBTOPOB, AHHOTAIHS, KIFOYEBBIE CJIOBA, CITUCOK
UTEPATyphl (TpPaHCIUTEpalys) W CBEACHHA 00 aBTOpax o00s3aTeNbHO AYOJUpPYIOTCS Ha
anrymiickom sisbike 34 CTATHEH.

e ®opmynel HabuparoTcs B penaktope dopmyn Microsoft Equation. Pasmep cumBomoB:
oObryHbIe — 12 OT, KPYNHBIA WHACKC — 9 WT, MenKkuil uHIeKkc — 7 nT. Hymepanus dopmyn — mo
MpaBOMY Kparo B KPYIJbIX ckoOKax «( )». OmmcaHue Ha4MHAETCS CO CJIOBa «Tae» 0e3 JBOCTOYHS,
0e3 a03alHOTO OTCTyMNa; TOSCHEHHWE Ka)XJO0ro CHMBOJA [AeTCs € HOBOHl CTPOKH B TOH
MOCJIEZIOBATEIbHOCTH, B KOTOPOW CUMBOJIBI pUBEEHBI B (hopmyre. EquHuIIbI M13MEpeHust 1aloTcs B
COOTBETCTBUU ¢ MexayHapoHo# cuctemoit enunuil CU.

e Pucynku — uepHo—Oenbie. Ecnu pucynok co3man cpernctBamu MS Office, HeoOxoaumo
npeoOpa3oBaTh €ro B KapTHHKY. s pacTpoBBIX PHCYHKOB paspemienue He MeHee 300 dpi.
[onpucynounsle Haanucu BoINONHATH Impu@ToM Times New Roman, 10 nT, moaykKupHbIM,
KYPCUBHBIM, B KOHIIE TOUKA HE CTABUTCSL.

e PUCyHKH C MOAPUCYHOYHOW MOIMUCHI0, (OPMYIbI, BBHIPABHUBAIOTCS MO LEHTPY 0e3
a03a1[HOT0 OTCTYMA.

C monHOW Bepcuel TpeOOBaHWI K OQGOPMIIEHHIO HAay4dHBIX cTaTell Bbl Mokere o3Ha-
KoMHTHCS Ha caiite http://oreluniver.ru/public/file/science/journal/fipptt/

Ilhama 3a onyéauxoeanue cmameii He 63uMaemcs.

[IpaBo ucmonb30BaHUS MPOU3BEICHUN MPEIOCTABICHO aBTOpPAMU HAa OCHOBAHMHU M. 2 CT.
1286 Yetseptoit yactu ['paxknanckoro Kogekca Poccuiickoit @enepanum.
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