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TEOPETUYECKAS MEXAHUKA U EE lNPUTIOXXEHUA

YK 531.382

W.II. IIOITOB

TEOPETHYECKUE ITPEAIIOCBIJIKHA
PEAKTUBHOI'O POTOPHOI'O ABUKEHU

AHHoOTANMA. [Ipeocmagien npUHYUn peaxmusHo20 OBUICEHUS MEXAHUYECKOT CUCIeMbL, MACCa KOMOPOU He
UBMEHAEeMCsl, Ymo OMKpbleaem NepCHeKmusbl OANbHUX KOCMUYeCKUx nosemos. Ilpumenenue pakem RpUHYURUATLHO
02PaAnU4eHo MACCoU 6ewjecmed, KOmopoe OHU O0JINHCHbL HeCU 014 M020, Ymodbl 0e36036PAMHO UCMOPSHYMb, COOOWUE
eMy KONUYecmso O8UdCEHUs, KOmopoe He ymuausupyemcs. Mmenno xoauuecmeo 08UdCeHuss camotl pakemul no dmoi
npuduHe U A6NAEMCs o2panudenHbiM. 1 nasnas npobrema pakemol 8 3MOM CMbICIE COCIOUM 6 He0OX0OUMOU ympame
sewecmea. PeaxmusHolil pomopHblil 0sudcumens He umeem 3mou npobdremsl. B xauecmsee meopemuueckou ocHO8b
CO30aHUsL PeakmuHo20 pOmMopHO20 OGudcumens Ookazanvl mpu meopemvl. Teopema 1. Jlunetinoe xonuuecmeo
08UdICeHUsl npeobpazyemcss 6 pomopHoe Koaudecmeo osudicenus. Teopema 2. Pomopuvlii MOMeHm Koauvecmed
O8UdICeHUst npeodpasyemcsi 6 JUHeuHvlil Momenm Koauvecmea Osudicenusi. Teopema 3 (Teopema peaxmueHozo
POMOPHO20 OsudiceHust). Bpawamenvroe O8udicenue dNeMeHma Cucmembl MOdiCem npeodpaszoebleanmvcs @ JUHEUHOe
ogudicenue cucmemul. B kauecmee npumepa mexnuuecko2o 60Na0WeHUs NPeOCmagiena c60000HAA cucmema ¢ 08yMs
CBA3aHHbIMU dNemeHmamu (peakmugnulll pomopHblil 0gudicumens). Ilepsvlil snemenm paszsueaem cuiy, npuodopemaem
KOUUEeCmE0 0BUIICEHUSL U NOCPeOCMBOM MPoca nepeodem UMnRYIbC Gmopomy snemenmy. Ilocie mozo kax snemenmol
COeOUHAMCA cucmema npuobpemaem JUHEUHOE KOAUYECME0 O8udiceHus. Bpawenue pomopa modcem Ovimo
VMUTU3UPOBAHO, HANPUMED, INEKMPOMEXAHUYECKUM CROCOO0M. Bmopoil anemenm nepemewaiom 8 ucxoonyro nosuyuio,
Ymo He uMeHsem NnpUoOPemeHH020 IUHEUHO20 KONUYeCmed OBUICEHUs CUCMeMbl, U HOSMOPAION Npoyecc.
Tlosmopsiemocms  npoyecca Huuem, Kpome 3anaca dHepeuu He ocpanuyena. Ilpu ucnoabsosanuu s0epHol
IHepeemuiecKol YCMAaHO8KU MONCHO HAKANIUSAMb JUHEUHOe KONUYeCMmE0 OBUJICEHUs, He CONOCMAUMOe C meM,
Komopoe passusaem 00bl4HAs paKema.

KiroueBble ¢JI0Ba: peakmueHbiil, POMOPHBIL, O8UNCUMNETD.
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KO]—[TpOJIb, AUATrHOCTUKA, UCNILITAHUA U YIIPABJICHUE KAYECTBOM

Abstract. The principle of jet propulsion of a mechanical system, the mass of which does not change, is presented,
which opens up prospects for long-distance space flights. The use of missiles is fundamentally limited by the mass of the
substance that they must carry in order to irretrievably gect, informing it of the amount of movement that is not
disposed of. It is precisely the amount of movement of the rocket itself for this reason that is limited. The main problem
of the rocket in this sense is the necessary loss of substance. Jet rotary propulsion does not have this problem. As a
theoretical basis for creating a reactive rotor propulsion, three theorems were proved. Theorem 1. A linear amount of
motion is converted to a rotary amount of motion. Theorem 2. The rotor angular momentum is converted to a linear
angular momentum. Theorem 3 (Jet rotor motion theorem). The rotational motion of a system element can be
transformed into a linear motion of a system. As an example of the technical implementation, a free system with two
connected elements (reactive rotor propulsion) is presented. The first element develops strength, acquires the amount of
movement and transmits the impulse to the second element through a cable. After the elements are connected, the
system acquires a linear amount of movement. Rotation of the rotor can be utilized, for example, by electromechanical
means. The second element is transferred to the initial position, which does not change the acquired linear amount of
motion of the system, and the process is repeated. The repeatability of the process is not limited by anything but an
energy reserve. When using a nuclear power plant, it is possible to accumulate a linear amount of motion that is
incompatible with that developed by a conventional rocket.

Keywords: reactive, rotary, propulsion.
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b.4. YMPKOB, A.K. OCTAITYVYK

OINPEAEJIEHUE KNHEMATHUYECKHUX TAPAMETPOB IIVIOCKOI'O
INAPHUPHOI'O YETBIPEX3BEHHHUKA: 12 IAI'OB

AuHoTauusi. Paccmampusaromesi  cnocobbl  2paoaHarumuieckoeo  onpeoeienuss  KUHEeMAmuyeckux
napamempos HIOCKO20 PbIHANCHO20 WAPHUPHO20 —HembIPeX36eHUKA ABMOPCKUM  MEMOOOM ¢ NpUMEHEHUEeM
0e3pasmepHbIX OMHOCUMENLHBIX NAPAMEMPO8, d MAKI’ce — KPUBOUUNA 6 Kayecmee 0a308020 36eHd, UCHOIb3068AHUS
bezmacuimadbno2o nooxoda u NOCMpOeHUs: NIAHO8 CKOpOcmel U ycKopenuu 6 eabapumax mexanusm. Ilpednacaemviii
N00X00 NO360/1€m OMKA3AMbC OM 0OWENnPUHAMOU MEMOOUKU NOCMPOEHUs NIAHO8 CKOPOCMeEN U YCKOPeHUul He Ha
Mexanuzme, a NYmMeMm NepeHocd 6eKMmOpo8 HA C80000HOe Noje Yepmedicd, pAcnonazdas ux napaiieibHo Ul
NEPREHOUKYIAPHO — 36CHbAM — MEXAHUIMA ¢ HENPEMEHHbIM — NPeoBapumenbHbiM — GbIYUCICHUCM — MACUMAOHbIX
K03 puyuenmos.

Tonyuennvle pesyibmamol NO360JLION 8 CPAGHEHUU ¢ MPAOUYUOHHBIM HOOX0O00M COKPAMUmMs 00bem pabonul
npu paciemax u NOCMPOEHUsIX U Y8eIUUUSAION MOYHOCHb NOCHPOEHUSL.

KaioueBble cioBa: niockuil puluadiCHOU MeXaHUusM, WAPHUPHBIL Yemblpex36eHHUK, KUHEMAmuKd, Memoo
NJIaHo8 ckopocmell U YCKOPeHUl.
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B.YA. CHIRKOV, A.K. OSTAPCHUK

DETERMINATION OF KINEMATIC PARAMETERSOF FLAT LEVER
HINGED FOUR-LINK: 12 STEPS

Abstract. The methods of graphic — analytical determination of kinematic parameters of a flat lever hinged
four-link by the author's method with the use of dimensionless relative parameters, as well as the crank as a basic link,
the use of a scale-free approach and the construction of plans of speeds and accelerations in the dimensions of the
mechanism are considered. The proposed approach allows us to abandon the generally accepted method of
constructing velocity plans and accelerations not on the mechanism, but by transferring vectors to the free field of the
drawing, placing them parallel or perpendicular to the links of the mechanism with the indispensable pre-calculation of
scale coefficients. The obtained results allow in comparison with the traditional approach to save the amount of work in
calculations and constructions and increase the accuracy of the construction.

Keywords: flat lever mechanism, hinge four-link, kinematics, method plans, velocities, and accelerations.
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MEXAHUKA JE®OPMUPYEMOI' O TBEPAOIO TEJIA,
ANHAMUKA U TTIPOYHOCTbH

V]IK 629.363 - 004.023

P.P. ABJIAEB, A.P. ABJIAEB, A.O. XAPYEHKO

CTPYKTYPHO-KOMIIOHOBOYHbBII CUHTE3 INEPEJIBUKHBIX
MEXAHU3NPOBAHHBIX KOMIIVIEKCOB

AHHOTanusi. Paccmampueaemcsi 3a0aua CMpYKMYpHO — KOMHOHOB0OYHO20 CUHME3d  ONMUMATbHOU
CMpPYKmMypul nepeodsuUdCHO20  MEeXaHU3Upo8anHHo2o  komnuaexca. Ilpednacaemcs  0bobwennas  mooens
NPOU3BOOCMEEHHO20 NPOYeCca PEMOHMA U U320MOGNEHUs. 0emdaaell, a MaKdice cXxema nocie008amenbHOCU peuenus
3a0ay cunmesa. Ilokazana 603MoJNCHOCMb peanu3ayuu KOMIIEKCO8 Ha ba3e a8monoe3008, 8 YaCMHOCMU, C0ebHO20
mseaua ¢ nonynpuyenom. Ilpugedensvi KOHCMPYKMUBHbIE OCOOEHHOCU CUHMESUPOBAHHO20 BAPUAHMA.

Ki1roueBblie ¢J10Ba: neped8uicHOU MEXAHUSUPOBAHHDIL KOMNIEKC, PEMOHN, U320MOGIeHUe, 0emdlb, npuyen.
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R.R. ABLAEV, A.R. ABLAEV, A.O. KHARCHENKO

STRUCTURALLY-LAYOUT SYNTHESISMOBILE MECHANIZED

COMPLEX

Abstract. In the article the problem structurally - layout synthesis of optimum structure of the mobile mechanized
complex is considered. The generalized model of production of repair and manufacturing of component parts, and also
the scheme of sequence of a problem solving of synthesis is offered. The possibility of realization of complexes on the
basis lorry convoys, in particular, the automobile with the trailer is shown. Design features of synthesized alternative

are indicated.

K eywor ds: the mobile mechanized complex, repair, manufacturing, a detail, the trailer.
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MAUIMHOCTPOUTEJIBHBIE TEXHOJIO A

VJIK 621.0:519.873

N O60PYNOBAHUE

10.JI. PATIALIKMIA, M.B. 3AMOPEHOB, B.4. KOIIII, 10.E. OB)XXEPUH

AHAJIM3 NTPOU3BOJAUTEJIBHOCTHU U HAJAEXKHOCTH
TEXHOJOI'MYECKHUX ITPOLECCOB B MAINIMHOCTPOEHUHN
HA OCHOBE IOJTYMAPKOBCKOU MOJEJIN
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AHHoTamusl. Paccmampugsaemcs o0wjas NOIYMAPKOBCKAA MaAMeMamuiecKdas Mooelb, MNo360aI0ulds
uccnedosams  NPou3BOOUMeNbHOCHb U HAOEHCHOCTL PA3TUYHBIX MEXHON0SUYECKUX NPOYecco8 Mexanocbopounozo
npouszsoocmea. Ilpednazaemas mooenv RNO360AAEM  UCCIEO08aMb, 8 HACMHOCHU, MEXHOIOSUYeCKUe Npoyeccsl
uzeomosneHus oemarell ¢ pe3vboil u cOopKu pe3vo08uix coedureruli. OCHOBHBIM ANNAPAMOM UCCAEO08AHUSL ABNIACMNCA
meopus NOIYMAPKOBCKUX NPOYECCO8 ¢ 00WuUM pa3o8biM NPOCMPAHCMEOM, ONEPUPyIowas ¢ 0dweeo 6uda GYHKYUAMU
pacnpedenenus  CAyuauHbIX  eeauuuH. B nocmpoennou  modenu  onpedensiomcs He  MONbKO  MOMEHMHble
Xapakmepucmuku, HO U QyHKyus pacnpedenenus epemeHu OOCIYICUBAHUA eOUHUYbl NPOOYKYUU C YUermom
HeobeCcyeHusaIowux OmKazos, Ha OCHOBe pPeuleHuUs YPAaeHeHUll MapKoscKko2o eoccmanosnenus. Ilocnednee ocobenno
8AJCHO, eClU PACCMAMPUBAEMBIL TNEXHONIOSUYECKUL NPOYeCcC 8X0OUm NOOCUCTNEMOT 8 OPY2VI0 CUCIEMY, HAXOOAUYIOCA
Ha 0oniee 6bICOKOM YpOSHe uepapxuu, max Kax O CMbIKOSKU MoOeiell Uepapxuieckux yposHei opye ¢ Opyzom
Kayecmae 8bIX0OHOU UHopmayuu mooenei mpedylomcs UMEeHHO QYHKYUU pacnpeodeneHus..

KiroueBble cioBa: nosymaprosckas mooenv, pe3vbogoe coeduneHue, HadeiCHOCMsb, NPOU3E00UMENbHOCb
MEXHOIOSUYECKO20 NPOYeccad, aBMoMAmusUpPO8aAHHas COOPKA, pasiuiHble 6UObl OMKA308.
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YU.L. RAPATSKIY, M.V.ZAMORENOQV, V.YA. KOPP, YU.E. OBJERIN

ANALYSISOF PRODUCTIVITY AND RELIABILITY
OF TECHNOLOGICAL PROCESSESIN MECHANICAL ENGINEERING
ON THE BASISOF THE SEMI-MARKOV MODEL

Abstract. A general semi-Markov mathematical model is considered that allows one to investigate the
performance and reliability of various technological processes in the mechano-assembly industry. The proposed model
allows to investigate, in particular, the technological processes of manufacturing parts with thread and assembly of
threaded connections. The main apparatus of the study is the theory of semi-Markov processes with a common phase
space, operating with a general form of the distribution function of random variables. In the constructed model, not
only moment characteristics are determined, but also the distribution function of the service time of a unit of
production, taking into account non-estimating failures, on the basis of the solution of the Markov recovery equations.
The latter is especially important if the process under consideration enters the subsystem into another system located at
a higher hierarchy level, since it is distribution functions that are required to interface models of hierarchical levels
with each other as model output information.

Keywords: semi-Markov model, threaded connection, reliability, process productivity, automated assembly,
various types of failures
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E.M. SELEEMENEVA, L.I. GUBAREVA, M.F. SELEEMENEV, A.A. CHEREPENKO

TEPLOMECHANICAL DEFORMATIONS OF COMPLEX PROFILE
SURFACESUNDER CYCLIC LOADS

Abstract. The article deals with the issues of thermal mechanical deformations of working surfaces under
cyclic loading. The technique for calculating the bending of the working surface under loading is given.
Keywords: surfaces, stresses, temperature, bending.
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M.A. CEPEXKUH, /1.B. AHIPEEBA

BOCCTAHOBJIEHHE BJIEI\(’TPOI[YFOBOFI HAILTABKOH
C ®PEPPOMATHUTHOHU HIUXTOU KYJIAYKOB BEAYIIEI'O KOJIECA
IKCKABATOPA JKIT'-5A

Annorauusi. Hacmoawas paboma nocéaujeHa uccie0o8anuro eIusaHus COCmasa peppomMacHUmHON Wuxmsl Ha
MEepO0Cmb HANAABIEHHO20 CL0s1 /sl NosblueHuApecypca edyuje2o koneca sxckasamopa IKI-54 uz cmanu 35XMJI, a
maxoice npugedeHvl C8edeHUsi 00 UHOCe KYIAYKO8 6edyujeco Koaecd, pexdcumax HAaniaéKu, XUMU4eckoMm cocmage
heppomacHumHoOL WUXxmuvl U CMpPYKmMype HAniaeieHHO20 ClOs.

KiroueBbie cjioBa: gedyujee Koneco, Kyiauki, 31eKmpooyeo8as HanideKd, (heppomMasHumuas wuxmad.

CIIUCOK JIMTEPATYPBI

1TnazynoB C.H. MogepHusupoBanHoe o00OpynoBaHHE JUIi BOCCTaHOBICHUS JETallell MalluH C
ropusoHTanbHOU ockro Bpamienus/ C.H. I'nasynos, B.I'. Bsnkos, I1.A. Lupkos // Tpynst TOCHUTH, 2014. T. 117. C.
256-261.

2. HNamxo B.H. IlopomkoBeiid mMaTepuan IUisi YIPOYHEHHS W BOCCTAHOBIICHHUS JeTaliei, paOOTalommux B
yeoBusix mHTeHCHBHOTO M3Hoca/ B.H. Jlamkos, FO.T. Auronummn, B.A. Cokon// HayuHo-TexHnueckuit mporpecc B
CEIIbCKOXO3SIMCTBEHHOM IPOM3BOCTBE. MaTepHaiabl MexTyHapoIHOH HaydHO-TEXHHYECKOH KoH(pepeHnnu. —MMUHCK,
2012. -C.236-239.

3. Caiidpymun P.H. JlonroBe4HocTs JieTajieil BOCCTAHOBIICHHBIX JJIEKTPOKOHTAKTHOM MPHUBApPKOW CTaibHOU
nentsl/ P.H. Caitpymmun, U.P. Tackapos// BecTHuk Bamikupckoro rocyaapCTBEHHOIO arpapHOro yHHBEPCHTETA. —
2010. —No 1. —C.44-47.

4. BsukoB B.I.Ilpumenenue cnocoba 3J€KTPOLYroBOW HAIUIaBKK (EpPOMArHUTHOW IIMXTOW LIS
W3rOTOBJICHHSI M BOCCTAHOBIICHHUS POJTMKOB CHCTeMBbI BropuuHoro oxnaxaenus YHPC/ B.I'. Bsukos., C.H. I'ma3yHos,
JI.A. Bapiamosa, I1.A. Hupkos// Tpyast TOCHUTU. 2015. T. 121. -C.197-205.

5. BsmxoB B.I'.BoccranoBneHue »1eKTpoayroBoil HarutaBko ¢ (eppOMarHUTHONH IIMXTOW KOPEHHBIX M
MIATYHHBIX I€eK KOJEeHYaroro Baja jasuraress aBromobmmst «KAMA3»/ B.I. Bsikos., C.H. I'masynos, JI.
Bapitamoga, I1.A. Lupxkos // Tpyast TOCHUTH. 2016. T. 123. -C.140-152.

Cepe:xknH Muxana AJjieKCaHApOBUY Anpgpeesa Jlapps BiagumuposHna
MOCKOBCKHUI TOCYIapCTBEHHBIN TEXHUYECKUI MockoBCKHUI TOCYIapCTBEHHBIN TEXHUYECKUI
yauBepcuteT uM. H.O. baymana yauBepcuteT uM. H.D. baymana

Kanmunar TeXHHYeCKUX HayK, aCCUCTEHT Kadeaphl Crynenr kadenps! «TexHomorun 00paboTKu
«TexHonorun 00paboTKN MaTepHAIOB» MaTepuaoB»

105005, Mockga, 2-s1 baymanckas yi., 5, ctp.1 105005, MockBa, 2-s1 baymanckas yi., 5, ctp.1
Ten.: +7 (499) 267-00-96 Ten.: +7 (499) 267-00-96

E-mail: serezhkin@bmstu.ru E-mail: andreeva2797@outlook.com

M.A. SEREZHKIN, D.V. ANDREEVA

RESTORATION BY ELECTRIC ARC WELDING
WITH A FERROMAGNETIC CHARGE CAMS
OF THE DRIVING WHEEL AN EXCAVATOR EKG-5A

Abstract. The article is devoted to the study of the influence of the composition of the ferromagnetic charge on
the hardness of the deposited layer to increase the service life of the drive wheel (made of 35KhML steel) of an
excavator EKG-5A.Also provides information on the wear of the drive wheel cams, surfacing modes, the chemical
composition of the ferromagnetic charge, and the structure of the deposited layer.

Keywords: drive wheel, cams, electric arc welding, ferromagnetic charge.
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P.B. AHUCHUMOB, A.C. TAPAITIAHOB

OCOBEHHOCTH TEXHOJIOT'MA ®OPMOOBPA30OBAHUSA JETAJIEN
CO CJIOXHBIMHA HEPUOJUYECKUMU ITPOPUNISAMUA

AHHOTAUMsA. Paspabomka HOBbIX KOHCIPYKYUL pexcyujeco UHCIMPYMeHma mecHo CA3aHa ¢ Kiaccuguyuetl
KOHCMPYKMUBHBIX 0COOEHHOCMEN U  2eoMempuyecKux napamempos oOemaineil €O CIONCHBIMU NepUuoOUdecKuMu
npoguaamu. IOmo no3eonsem GvlAGUMbL 00WUe INeMEeHmbl U CHOCOObl U3COMOBICHUS HOBbIX KOHCTPYKYUL
UHCIMPYMeHmMa, NOSbICUMb IPPEeKMUBHOCb MEXHONIOUU ULOMOBNEHUS U0EUTl CO  CONCHLIM NepUOOULecKUM
npoguiem. B cmamve paccmompenvl u30eausi €O CAOACHbIM NEPUOOUUECKUM NPOUIeM, NpUMeHsemble 8 U30eTUAX
omeuecmeenHo20 U 3apybexcHo2o Mawunocmpoenus. Ilpuseden ananus nonyuenus OAHHbIX U30enull, 8blaeleHbl 00ujue
npoodnemvl mexHonro2uy GopmMooOPA306aAHUs PACCMAMPUBAEMBIX CTIONCHBIX Nepuooudeckux npoguaei. Asmopamu
npeonodcen Memoo KOMNIEKCHO20 aHAnu3a npoyecca GHopmoodpazoeanus coeMeujeHHslll ¢ npoduiuposanuem
UHCMPYMEHmMA, NO360JANWUIL Peuiumyb GblaeNeHHble NPoOaeMbl HA CMAOUU NPOEKMUPOBAHUS MEXHOIOSUYECKO20
npoyecca.

KiroueBsbie ci10Ba: c1odichblll nepuoduyeckuli npoghuib, HeIBOTbEEHMHbIL NPODULL, I60TbEEHMHBI, APOUHbBLE
3y0bs, Kiaccugurayus.

CIIMCOK JIMTEPATYPbI

1. Mutpocganos, C.I1. I'pynoBast TEXHOJIOTHS MAIIMHOCTPOUTEIILHOTO IIpon3BoACcTBa: B 1ByX T.T.1.-3-€ u3s.-
JI: MammHOocTpoerue, 1983.-303c.

2. Mutpocdanos, C.I1. ['pymnmoBas TEXHOIOTHS MAaIIMHOCTPOUTEIHHOTO TIPOU3BOACTBA: B ABYX T.T.2.-3-¢ u31.-
JI: MammHOCcTpoerue, 1983.-346¢.

3. Ocradpe, B.A. Pacuer nuHamMu4eckoil MPOYHOCTH PEXYILIEro WHCTpyMeHTa. -M.. MamHoctpoeHue,
1979.-168 c.

4. Mamxkwun, A.C. CTpyKTYpHBI aHanW3 3JEMEHTOB METAJUIOPEXKYIIMX CTaHKOB. -M: MammHOCTpoeHuS,
1962.- 384c.

5. IIserxos, B./I. CHUCTEMHO-CTPYKTYPHOE MOJIEIUPOBAHUE aBTOMAaTHU3aLUHU NPOEKTUPOBAHUSA
TEXHOJIOTMUECKHX ITpoLeccoB. - M.: MammHoctpoenue, 1979.- 276 c.

6. Auncumos, P.B. TloBeluenne kauecTBa Jerajeil TPaHCHOPTHBIX CPEACTB C BHYTPEHHHMH 3yObsSMH
HEIBOJIBBEHTHOTO Npodist// AKTyasbHbIC BONPOCH! HHHOBALIMOHHOTO Pa3BHUTHS TPAHCIOPTHOIO KOMILICKCa. MaTepHaibl
MesxnyHaponHoi HaydHo-mipakTHueckor koHdepenimu (17-18 mas, 2011). Tom 1, ®I'OY BIIO «locyHuBepcHTET —
YHIIK». — Open: ®I'OY BIIO «I"ocynuBepcuret — YHIIK», 2011. —4 c.-c. 91-95

7. TIpoeKTHpOBaHKe BHICOKO3(DHEKTHBHBIX MPOLIECCOB 3y0OMONOICHNS HEABOIBBEHTHBIX MPOQuIIeii: MoHOTpadwus /
P.B. Arucumos, A.C. TapamanoB. — M.: Mzparensckuii mom «Criektp», 2016. - 175 c.: n.

AnucumoB Poman BukropoBuu TapananoB Aiaekcanap CepreeBuu




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

OI'bOY BO «OpnoBckuil rocy1apcTBEHHBII OI'bOY BO «OpnoBckuil rocy1apcTBEHHbIN
yausepcureT uM. 1.C. Typrenesa» yausepcureT uM. 1.C. Typrenesa», r. Open
Muenckuii ¢punman, T. MieHck JIOKTOP TEXHHMUYECKHX HayK, mpodeccop
KaHJUIAT TEXHUIECKUX HAyK, JOUEHT Kadeapsl 302026, r. Opein, yin. Komcomonnckast, 95
«MH)KeHEepHO-TEXHUYECKHE TUCIIATUIMHEI Ten. (4862) 75-13-18

303030, OpstoBckas obmacth, T. MieHck, yi1. TypreHesa, E-mail: tarapanov@rambler.ru
1.196

Ten. (48646) 2-24-19

E-mail: roman.anisim@gmail.com

R.V. ANISIMOV, A.S. TARAPANQV

FEATURES OF TECHNOLOGY OF THE SHAPING OF PARTS
WITH DIFFICULT PERIODIC PROFILES

Abstract. Development of new designs of the cutting tool is closely connected with a klassifition of design
features and geometrical parameters of parts with difficult periodic profiles. It allows to reveal the general elements
and ways of production of new designs of the tool, to increase efficiency of manufacturing techniques of products with a
difficult periodic profile. In article the products with a difficult periodic profile applied in products of domestic and
foreign engineering industry are considered. The analysis of data acquisition of products is provided, common
problems of technology of a shaping of the considered difficult periodic profiles are revealed. Authors offered the
method of the complex analysis of process of a shaping combined with profiling of the tool, allowing to solve the
revealed problems at a design stage of a manufacturing process.

Keywords: difficult periodic profile, not evolvent profile, evolvent, arch teeths, classification.
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AN. 3AULIEB

MATEMATHYECKOE MOIEJINPOBAHUE
N PACYET I'MBKH TPYBb HEITPUBO/HbBIM BOJANJIOM



AuHotauusi. [Ipednoswcena annpoxcumayus Gopmsl uz02Hymoi ocu mpyovl, 0meeyawds YCio8uio
MUHUMATLHOU SHEpeUU 0eOPMUPOBAHUsL, KOMOPAs UCHOIb3YemCsl Oisl paAciema Cuilbl, RPOMAIKUBAOueli 3a20MmoeKy
uepe3 301y 2UOKU; NPeOCmMAasieHbl YPAGHEHUsl, CEA3bI8AIOWUE NAPAMEMPbl B0OUNA C NOLYYAEMbIMU PA3SMEPAMU U30ETULL.

KaloueBble ciioBa: xonoduwas eubka mpyd, Heuzsecmuas ¢hopma U30SHYMoOU OCU, CMAmMu4ecKas
HEeOnpeoeiumMocmy CUil, SHepeemudecKue Memoosl paciemad.
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A.l. ZAITSEV

MATHEMATICAL MODELING AND ANALYSIS
OF FLEXIBLE PIPESNON-DRIVEN CARRIER

Abstract. An approximation of the shape of the curved axis of the pipe, which meets the condition of the
minimum energy of deformation, which is used to calculate the force pushing the workpiece through the bending zone,
is proposed; equations connecting the parameters of the carrier with the resulting dimensions of the products are
presented.

Keywords: cold bending of pipes, unknown shape of the curved axis, static uncertainty of forces, energy
calculation methods.
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VJIK 621.82

M.3. BOHAAPEHKO, P.H. [10OJIIKOB, A.B. TOPUH

JAHAMUWYECKHE XAPAKTEPUCTUKH KOMBUHUPOBAHHOM
OITOPBI C MHOT'OJIEHHETCKOBBIM I'A3BOAUHAMNYECKUM
HOAIMHUITHUKOM CKOJIBKEHUA U AKTUBHBIM YIIPABJIEHUEM

AHHOTAUUsA. B pabome npedcmasien aHaiu3 OUHAMUHECKUX XAPAKMEPUCMUK KOMOUHUPOBAHHOU ONOPbL C
akmueHblM  ynpasiienuem. OnpedeneHvl OCHOBHble 2Mansl padbomel KOMOUHUPOBAHHOU ONOPbl U NPEOCmasieHbl
OCHOBHbBIE COOMHOUIEHUST HCECMKOCMU U OeMIQUPOBAHUsL ONOPbL OJisl PA3IUYHBIX pedicumos pabomsl. [Ipedcmasnena
B03MOCHOCHb YNPAGIEHUS HCECMKOCMbIO U 0eMNPUPOBAHUEM KOMOUHUPOBAHHOU ONOPbL 8 Npoyecce ee pabomol, 4mo
nozeonsem obecneyusams makue coOCMeeHHbie YACmombvl pOmopa, KOMopble He PAGHbl MeKyWell Yacmome 6paujeHus.

KawueBble ¢J0Ba.  nOOWUNHUK —KaueHUsl, NOOWUNHUK CKOAbIICEHUSl, IICECKOCMb, OeMnpuposanue,
OuHamMuU4ecKkasi MoOeib.

Cmambs 6blNOIHEHA 6 pAMKAX npoekma zocyoapcmeennozo 3adanus Ne9.2952.2017/I14 «Co3zdanue
MHO20(DYHKYUOHATIbHO20 1A00PAMOPHO-MEM000102UYECKO20 KOMNIAECKCA 00UEUHIICEHEPHOT HOOZ0MOEKUY.
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M.E. BONDARENKO, R.N. POLYAKOQOV, A.V. GORIN

DYNAMIC CHARACTERISTICSOF A COMBINED SUPPORT WITH
A MULTI-PETSGASDYNAMIC SLIDING BEARING AND ACTIVE
CONTROL

Abstract. The paper presents an analysis of the dynamic characteristics of the hybrid bearing with active
control. Main stages of the hybrid bearing’s operation have been identified and basic relationships of stiffness and
damping of the bearing have been presented for various operational regimes. Possibility of stiffness and damping
characteristics control of the hybrid bearing has been presented which allows provision of such eigenfreguencies that
rotation frequencies during all stages of operation of the hybrid bearing are not equal to them.

Keywords: rolling bearing, foil bearing, stiffness, damping, dynamic model.
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VYIIK 62-522

A.1O. BABMH

MOJAEJIUPOBAHUE INMHAMHNYECKOI'O IOBEJAEHUSA POTOPA
HA AKTUBHOM YIIOPHOM I'MIPOCTATOANHAMHNYECKOM
HNOJUIIMIHUKE C YYETOM HAPAMETPOB JIEMEHTOB CUCTEMBbI
YIIPABJIEHUA

AHHOTAUUSA. B pabome npedcmaegieHa KOHYENmMyaibHAsl, MaAMeMamuieckas U ai2opummuyecKdas mMooenu
OUHAMUYECKO20 NOBEOeHUS POMOPA HA AKMUBHOM SUOPOCTAMOOUHAMUYEeCKOM nodwuntke. Mamemamuueckas mooens
OUHAMUYECKOU CUCTHEMbL <POMOP-NOOWUNHUKY» OCHOBAHA HA YPAGHEHUSIX, ONUCLIBAIOWUX pacnpedeienue OdGieHUs 6
CMA30YHOM CllO€ YHOPHO20 2UOPOCMAMOOUHAMUYECKO20 NOOWUNHUKA C V4EMOM HAIU4us numarowel Kamepwl, u
ypasHenuu osudicenusi. Ha ocnose mamemamuyeckoil Mooenu paspabomana aneopummuseckas mooeis ¢ cpede Matlab
Smulink, exmouarowas 6rox moderuposanus OUHAMUYECKOU CUCmeMbl U OOROIHUMENbHbIE OLOKU, ONUCHIBAIOUUE
pabomy anemenmos cucmemvl ynpasnenus. Ilokazano enuanue pasiuyHuIX NApAMEmpos CUcmemvl YRpasieHus Hd
OUHAMUYECKOoe NoedeHUue pomopa Ha aKMuU8HOM YHOPHOM 2UOPOCMAMOOUHAMUYECKOM NOOWUNHUKE.

KiroueBble cJIOBa: MexampoHuKa, Mamemamuieckas MOoO0elb, al2OPUMMUYEcKas Mooelb, aKMUEHOe
ynpaeieHue.

Hacmosawee uccnedosanue GvlNOIHEeHO 6 pamkax evinoanenus npoexkma PH®  Ne 16-19-00186
«ITnanuposanue ORMUMATBLHBIX RO PACX00Y IHEPZUU MPACKMOPUIL OBUINCEHUSL POMOPOE MEXAMPOHHBIX MOOYEIL 8
cpeoax cnoxcnoii peonozuu» (pazpabomka KonyenmyanbHou u mamemamuueckou mooeneii AYI'CHII, nposedenue
GLIUUCIUMENbHO20 IKChepumenma) u Munucmepcmea HayKu u gvicuiezo oopasosanus npoexm Ne 9.2952.2017/IT9
«Co30anue  MHOOPYHKYUOHAILHOZ0 — J1AOOPAMOPHO-MEMOO0I0ZUUECKO20  KOMNIEKCA — 00U eUHICEHEPHOIL
noozomosxu» (PazpadomKa anzopumMMULEcKol MOOeU U RPOZPAMMHO20 Komniekca ¢ cpede Simulink, nposedenue
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MODELING OF THE ROTOR DYNAMIC BEHAVIOR ON ACTIVE
REFINED HYDROSTATODYNAMIC BEARING TAKING INTO ACCOUNT
THE PARAMETERSOF ELEMENTSOF THE CONTROL SYSTEM

Abstract. The paper presents a conceptual, mathematical and algorithmic model of the dynamic behavior of
the rotor on an active hybrid bearing. The mathematical model of the dynamic “ rotor-bearing” system is based on
equations governing the pressure distribution in the lubricating layer of a thrust hybrid bearing, taking into account
external pressure supply, and the egquation of motion. On the basis of a mathematical model, an algorithmic model has
been developed in Matlab Smulink, which includes a dynamic system simulation block and additional blocks describing
the operation of the control system elements. The influence of various parameters of the control system on the dynamic
behavior of therotor on an active thrust hybrid bearing is shown.

K eywords: mechatronics, mathematical model, algorithmic model, active control.
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C ADPUPOBAHHOU CMA3KOH

AHHoTauus. Paccmompensl usuueckue sA6NeHUs U OCHOBHble (DaAKmMopwl, Giugiowjue Ha OuHamMuyecKue
xapaxmepucmuku pomopog. Chopmuposana mamemamuyeckas U a1OpUMMUYEcKas MOOenu paciéma mpaexmopul
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0BUDICEHUST POMOPO8 8 SUOPOCMAMOOUHAMUYECKUX NOOWUNHUKAX NPU CMA3Ke A3pUpOBanHoll Jcuokocmuio. Ilpusedervl
pacuémmvle cOOMHOUleHUs. 0N OnpedeneHuss MenioPU3ULecKUx napamempos CMA304HO20 Mamepuaia HA OCHOGe
2omoeennou mooenu. Ilpedcmasnenvl pe3yibmantvl pacuéma mpaeKmopuii U IKCHepUMeHmaIbHble OaHHble N0 OYeHKe
KOIeOAHULL POMOPO8 8 3AGUCUMOCTIU OM GENUUUHBL 2A30CO0EPAHCAHUSL 8 CMAZOUHOM CJLOE.

KaioueBble ciioBa: 2uopocmamoOuHamuyeckuil. NOOWUNHUK, MAMEMAMUYecKdas MOOeib, GblYUCIUMEbHbLU
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L.A. SAVIN, N.V. KOMAROV

ROTOR MOVEMENT TRAJECTORY WITH HYDROSTATODYNAMIC
SUPPORTSAERATED LUBRICANT

Abstract. Physical phenomena and main factors influencing dynamic characteristics of rotors are considered.
Mathematical and algorithmic models were developed for rotor trajectory calculation in journal hydrodynamic
bearings lubricated with aerated fluids. Calculation relationships are presented for thermophysical properties
calculation of lubricant's parameters based on a homogeneous model. Calculation results are presented of influence of
vapour content on trajectory and amplitude of oscillations of rotors. Recommendations are made for taking vapour
content's influence on rotor dynamics into account.

Keywords: hybrid bearing, mathematical model, calculation algorithm and program, aerated lubrication,
thermophysical properties, homogeneous model, hydrodynamic forces, oscillation amplitude, turbulence coefficients,
rotor trajectory.
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MEXATPOHHBIE TEXHOJIOI'MH B CUCTEME «YMHOE OKHO»

AHHOTAIMS. B cmamve paccmMompeHo 603MOJICHOE NPUMEHEHUe MEXAMPOHHLIX MEXHOA02Ull 6 Ccucmeme
«Ymuouit dom», kak cnocob modepHuzayuu u obecneuenus Komgopma npocusanus. Paspabomanvr cmpykmyphas,
DYHKYUOHANbHASL U  KUHeMamuueckas cxemvl cucmemvl «Ymuoe okHo». I[Ipedcmaenenvt onucanue Haubonee
HAZPYHCEHHO20 DIIeMEHMA KOHCMPYKYUU U Pe3yIbmantsl €20 NPOYHOCIHO20 PACYéma.

KnaroueBble caoBa: cucmema <YMHbil 00M», MEeXAMPOHHAS CUCTEMA, dHeP2od(pdexmusHocms, <YmHoe
OKHO», KUHeMAMUYECKAs. CXeMd, CMPYKMYPHAS CXeMa, PACHEém Ha NPOYHOCHTb.
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[.G. USIKOV, A.V. PROSEKOVA, M.A. TOKMAKQOVA, S.G. POPOV

MECHATRONICSTECHNOLOGIES
IN THE SYSTEM OF «<SMART WINDOW >

Abstract. The article considers the possible application of mechatronics technologies in the system of "Smart
house" as a way of modernization and comfort of living. The structural, functional and kinematic schemes are
developed. The advantages and disadvantages systems of "Smart house" are given.The description of the most loaded
structural element and the results of its strength cal culation are presented.

Keywords: the system of «smart house», mechatronics system, safety, energy efficiency, «Smart windows,
kinematic scheme, structural diagram, strength calculation.
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A.C. DETUCOB, A .1I0. BABUH, M.3. BOHIAPEHKO, B.O. THOPH

YUCJIEHHOE MOAEJIUPOBAHUE NOJAIIUITHUKOB
AKUIAKOCTHOI'O TPEHUSA TP CMA3KE
MAT'HUTOPEOJIOI'MYECKUMMH KUJIKOCTAMU

AHHOTALMA. B Hacmoswem uccie008aHuu paccmMampugaemcs NpUMeHeHue MAasHUMOPeoao2UdecKux
JoHcudKocmeli 8 Kawecmee CMA30K O PAOUATLHBLIX NOOWUNHUKO CKONbICEHUA. [ YAyuuenus Xapaxmepucmux
DOMOPHBIX MAWUH 6 COOMEEMCMEUU ¢ NPOMbLUAEHHLIMU mpebosanusmu  (yeeruuennas 6uGpoycmouuueocms,
HAOEAHCHOCMb, IHEP20IPHEKMUBHOCIb), NPeONa2aemcs MpUbOMEXampoRHAs, CUCMEMA, BKIIOYAIOWAs PAOUATbHbIU
2UOPOOUHAMUYECKUTI NOOWUNHUKOM C MASHUMOPEON02UYECKOU HCUOKOCHIBIO 8 KAUecmee CMAa3vleaioueco Mamepuana,
cucmemy u3 CONEHOUO08, PACHONOINCEHHBIX NO OKPYHCHOCU 6MYIKU NOOWUNHUKA, U CUCEMY YNPAGNeHUs MOKOM 8
06MOmKe CONEHOUO08 Ol USMEHEHU NAPaAMempos MASHUMHO20 NOA 8 CMA304HOM ciioe. Tlapamempsl MacHUMHO20
NOJIA GUAIOM HA CUTY PEaKyuu CMA30YHO20 CNOs NOOWUNHUKA, YO 671e4ém 3a cOOO0U UMEeHeHUe €20 OUHAMUYECKUX
xapaxkmepucmux. Mamemamuueckass Modenb OCHOBAHA HA YUCIEHHOM peuileHuu ypaeHenuu Peiinorvdca memooom
KOHEUHBIX pasHocmeli, d OONOTHUMETbHbIE BLIPANCEHUS YHUMBIBAIOM NEPEMEHHYIO 8A3KOCMb U HAUYUe MACHUMHO20
nona. B cmamve npeonazaemcsi 08yXamanHas NpoGepKA MOOeNU HA OCHO8e CPAGHEHUsA C IKCNEPUMEHMATbHbIMU
pe3yrbmamamu Opyeux uccieoosameneti. Ilpednoocena Konyenyusa pewienus 3a0auu Memooom KOHeuHblx 00vbémos. B
cmamove  U3NOHCEHbl HEKOMOopble 0COOEHHOCU pabomvl NOOWUNHUKOS CKOAbdceHUus, cmaszvieaemvlx MPXK, u
onpeodenenvl HanpasieHus OAIbHEUUX UCCI008AHU.

KunroueBsble cinoBa: Tpubomexamponura, nOOUWUNHUK CKOTbIHCEHUA, SUOPOOUHAMULECKAS CMA3KA, YUCTeHHOe
MOOenuposanue, MaeHUMOPeoI0SU4ecKas HUOKOCmb, MamemMamuiecKas Mooeby.

Hacmosuwiee ucciedosanue 6blNOIHEHO 8 pAMKAX @blnoihenus npoekma PO DU Ne 18-38-00465.
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A.S. FETISOV, A.YU. BABIN, M.E. BONDARENKO, V.O. TURIN

NUMERICAL MODELING OF BEARINGSLIQUID FRICTION
IN LUBRICATION WITH MAGNETOROLOGICAL LIQUIDS

Abstract. The present study uses magnetic fluid lubrication methods for radial plain bearings. To improve the
characteristics of rotary machines in accordance with industrial requirements (increased vibration resistance,
reliability, energy efficiency) a tribomechatronic system is proposed, which includes a radial hydrodynamic bearing
with magnetorheological fluid as a lubricant, solenoids, surrounding the bearing, and a current control system. to
control solenoids to change the parameters of the magnetic field in the fluid-film. The parameters of the magnetic field
affect the reaction force of the fluid film, which leads to a change in its dynamic characteristics. The mathematical
model is based on the numerical solution of the Reynolds equation by the finite difference method, and the additional
expressions take into account the variable viscosity and the presence of a magnetic field. The article proposes a two-
step model verification based on a comparison with the experimental results of other researchers. The concept of
solving the problem by the method of finite volumes is proposed. The article presents some features of the operation of
bearings, lubricated GRM and identified areas for further research.

Keywords: tribomechatronics, journal bearing, hydrodynamic lubrication, numerical simulation,
magnetorheological fluid, mathematical model.
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P.K. 3APELIKUH, A.I'. COKOJIEHKO, H.B. TOKMAKOB

AKTHUBHBIE BUBPO3AHIUTHBIE CUCTEMbI
HA OCHOBE IIBE302JIEMEHTOB

AHHOTALMS. B cmamve npedcmasnenst pe3ynomamsl aHaIU3a COBPEMEHHBIX CPEOCE U Memo008 3aujumsl
nPoU3B00CMEEHH020 000PYO0BAHUs OM HUSKOUACTOMHbIX 8ubpayuil. Paccmompensl cniedyowjue akmusHvle cucmembl
8UOPO3AWUMBL. NHEGMAMUYECKUe, UOPASIUYecKue, INEeKMpoMazHumusle u Op. AHAIu3 noKasa, 4Ymo cyujecmgyoujue
cnocobul obecneuenus uOPO3AWUMBL HE 8 NONHOU Mepe YO08IeMBOPAIOM NPEOBAGIAEMbIM K HUM MPebOo8aHUAM,
HO2MOMY  pACCMAMPUBAECMC  803MOICHOCMYb  UCHOAb30BAHUS AKMUBHOU SUOPO3AWUMHOL  CUCIEMbl HA OCHOBe
nvezosnemenmos. B cucmeme MATLAB 6bi1 6vinonnen uucnenmwvil sxcnepumenm. Cghopmynupoeansvl obuue
npeocmasnenus 0 CMmpyKmype cucmemvl akmueHoU eubpozawjumsl, npunyune eé pabomvl. B cmamve npednoscena
CMpYKmMypHas U (QYHKYUOHATbHAS CXeMd AKMUBHOU CUCTHeMbl 8UOPO3AUUMBL C Nbe302NEMEHMOM, ONUCAH NPUHYUN
pabomul OaHHOU cucmeMmbl.

KunroueBble ciloBa: sudposawumuas cucmema, akKmugHas CUucmemd, nbe30aKmyamop, subposo3oyxcoetue,
AKMUBHAA CUCEMA 3AUUMDL.
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R.K. ZARETSKIY, A.G. SOKOLENKO, N.V. TOKMAKQOV

ACTIVE VIBRATION PROTECTION SYSTEMS
ON THE BASISOF PIECOELEMENTS

Abstract. The article presents the results of the analysis of modern means and methods of protecting
production equipment from low-frequency vibrations. The following active vibration protection systems are considered:
pneumatic, hydraulic, electromagnetic, etc. The analysis showed that the existing methods of providing vibration
protection do not fully meet the requirements imposed on them, therefore the possibility of using an active vibration
protection system based on piezoelements is being considered. In the MATLAB system, a numerical experiment was
performed. The general ideas about the structure of the active vibroprotection system and the principle of its operation
are formulated. The article proposed a structural and functional diagram of the active vibration protection system with
a piezoelectric element, described the principle of operation of this system.

Keywords: vibroprotective system, active system, piezoelectric actuators, vibration excitation, mechatronic
protection system.
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[NIPUBOPbLI, BUOTEXHUYECKUE CUCTEMbI
U TEXHOJIO N
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1.0. BEPETEHHUKOB, M.A. MYPAIIIOB, A.JI. CYXOPYKOB

NMMHUTAIOUOHHOE MOAEJIUPOBAHUE PABOTBI DJIEKTPOHHOI'O
YI'VIOMEPHOI'O ITPUBOPA B ITPOLHECCE KPEHOBAHUASA
HOABOAHbBIX OBBEKTOB

AHHOTanMs. B nacmosuweil pabome npusedenvl MemoouKa pacyemos u auaiu3 00CmamoyHOCmu epemeHu
peaucmpayuu (Konuuecmea omuemog yeid Kpena) ¢ noMowbio JeKMPOHHO20 Y2llOMEPHO20 Rpubopa npu KPeHOBaHUU
N00BOOHBIX 00BEKMO8 PA3IUUHBIX THUNOSE.

Hcnonvzosanue 21eKMpOHHO20 Y2lOMEPHO20 NpubOpa npu KPEeHOBAHUU NO360SIem 6 A8MOMAMU4ecKom
pedicume npousgoouUntb PeSUCmpayuio y2io8 Kpena u onpeodesims ¢ 6blCOKOU MOYHOCHbIO NAPaAMempbl OCMOUYUBOCMU
00beKmos.

KiroueBbie ciioBa: kpenoganue, n0080OHbLI 00beKm, UMUMAYUOHHOE MOOEUPOBAHUE KAUKU.
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D.O. VERETENNIKOV, M.A. MURASHOV, A.L. SUKHORUKOV

SIMULATION STUDY ON ELECTRONIC INCLINOMETER OPERATION
DURING HEELING OF UNDERWATER OBJECTS

Abstract. This study contains a calculation procedure and analysis of sufficiency for recording time (the
number of heel angle reports) using an electronic inclinometer during heeling of various underwater objects.

Making use of the electronic inclinometer during heeling allows hedl angles to be recorded in automatic mode
and parameters of objects’ metacentric stability to be determined with high accuracy.

Keywords: heeling, underwater object, simulation study of ship motion.
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A.B. BBIKOB, C.A. IIAPXOMEHKO, A.B. BOMIIOB,
C.H. POIMOHOBA, JI.B. CTAPOAYBLEBA, C.I. JOJDKEHKOB

MATEMATHUYECKHE MOJEJIA BbIbOPA CXEM JIEYEHUSI
I'AHI'PEHBI HUZKHUX KOHEYHOCTEMH 110 CTEIIEHHN
TAXKECTHU EE TEUEHUA

AHHoOTaumMs. Paboma noceswena akmyanvbhoil npobieme nOGblueHUs KAYeCmea OKA3aHUA NOMOWU OOTbHBIM,
CMpaoaowumM 2aHePeHoll HUNCHUX KOHEYHOCHel, KOMOPAs MOXCEm 3aKOHYUMCA amnymayuel u oajxce cmepmuio. B
X00e Npo6edéHHbIX UCCIe008aHUIl ObLIO NOKA3AHO, YMO 3a0a4a OYeHKU CHENeHU MANCeCmU 2AHZPeHbl HUNCHUX
KOHeUHOCmell OMHOCUMCS K KAACCY NI0XO POPMATUYEeMbIX 3a0ad ¢ HeYEMKOU CMPYKMypol OaHHbIX, YO NOCTYHCUTO
ocHosanuem 0 8v100pa 6 kauvecmae OA308020 ANNAPAMA UCCIEO08AHUN MEMOOON02UY CUHTNE3A CUOPUOHBIX HEUEMKUX
pewaiowux npasun. B xode cummesa neuémkux pewiaiowux npasun 0vii 000CHO8AH 6bIOOP UHDOPMANUSHBIX
NPU3HAKO8, NOIYUAEMBIX 8 X00€ ONPOCO8 U OCMOMPO8, UHCMPYMEHMATLHBIX U TAOOPAMOPHBIX MEMOO08 UCCIE008ANUSL.
B rauecmse 6a308vbix 21eMeHMO8 HEUEMKUX PearOuux npasui NoIyyeHvl YHKYUU YPOGH MANCECHU UCCTIE0YeMO20
3a001e6aHUs, azpe2ayus KOMOPbIX NO360JIAEN OYEHUMb UHMESPANbHYIO CIeNneHb MANCECIU N0 2PYNNAM PAZHOPOOHbIX
noxasameineti, KOMOpAas OYEHUSAEMCS HemblpbMa Kiaccamu, ONd Kajxicoo2o u3 KOMOpulX —paspabomaua
COOMBEMCMBYIOWAs cXeMa AedeHUs, IPHEKMUBHOCHb KOMOPLIX NPOBEPANACH C UCHOTb3I0BAHUEM MeOPUU USMEPEHUs.
JIAMEHMHbBIX nepeMeHnbIX. B x00e uccnedosanuii cunmesuposanacs mamemamuieckas MoOeib 6bl00pa cxXem JleueHUs 6
3A6UCUMOCIU 0N CIENEHU MANHCECMU 2AHESPEHbL HUMCHUX KOHEYHOCHell.

B xo00e nposedénnvix cmamucmuyeckux UCHulmanuti 0blio NOKA3aHO, YO HO CPABHEHUIO ¢ MPAOUYUOHHBIMU
cxeMamu  JedeHus UCNOAb308AHUE NpednasaeMoli MoOelu HNO360IAem  VEeIUyumy  CKOPOCb — OOCHUNCEHUS
nonoxcumenvhsix pezynomamos ¢ 2,4 pasa (na 58 %) u cnusumo puck amnymayuu koneunocmeti 8 2,5 pasa (na 73 %).

Ionyyennvie pezynomamvl NO380NAIOM PEKOMEHO08AMb Npediazaemble mamemamuyeckue Mooemu K
UCNOTL308AHUIO 8 NPAKMUKE PabOmbl Xupyp2o8 U aH2uo10208.

KnroueBble cll0Ba: eanepena, Hudichue KOHEUHOCMU, CMENeHb MAXCECMU, MAmemMamuieckas Mooens,
HeuémKas 102uKa, cxemul aeyenus, mooeas 1. Pawa.
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A.V.BYKQOV, A.S. PARKHOMENKO, A.V. BOYTSOV,
S.N. RODIONOVA, L.V. STARODUBTSEVA, S.D. DOLZHENKQV

THE MATHEMATICAL MODEL CHOICE OF TREATMENT GANGRENE
OF THE LOWER EXTREMITIESACCORDING TO THE DEGREE
GRAVITY OF ITSFLOW

Abstract. The work is devoted to the urgent problem of improving the quality of care for patients suffering
from gangrene of the lower extremities, which can result in amputation and even death. In the course of the research it
was shown that the problem of assessing the severity of gangrene of the lower extremities belongs to the class of poorly
formalized problems with fuzzy data structure, which served as the basis for the choice of the methodology for the
synthesis of hybrid fuzzy decision rules as the basic research apparatus. During the synthesis of fuzzy decision rules
was justified the choice of informative features obtained in the course of surveys and inspections, instrumental and
laboratory research methods. As the basic elements of fuzzy decision rules, the functions of the severity level of the
disease under study are obtained, the aggregation of which allows to estimate the integral severity by groups of
heter ogeneous indicators, which is estimated by four classes, for each of which a corresponding treatment scheme is
developed, the effectiveness of which was tested using the theory of measurement of latent variables. In the course of
research, a mathematical model of treatment regimen selection depending on the severity of lower limb gangrene was
synthesized.

In the course of statistical tests, it was shown that compared with traditional treatment regimens, the use of the
proposed model can increase the speed of achieving positive results by 2.4 times (by 58%) and reduce the risk of limb
amputation by 2.5 times (by 73%).

The results obtained allow us to recommend the proposed mathematical models for use in the practice of
surgeons and angiologists.

Keywords: gangrene, lower limbs, severity, mathematical model, fuzzy logic, treatment regimens, G. Rush
model.
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A.B. XUJIKOB, I.E. YEKMAPEBA, P.1O. THEYIIEB, B.B. MUIIINH,
K.B. [I0OJMACTEPLEB

NCCIEIJOBAHUSA 3ABHCHMOCTE?I KOHTYPHOM IJIOIIA A
KOHTAKTA OT OTKJIOHEHUU MAKPOI'EOMETPUH
COEPUYECKHUX TEJI

AHHOTAmMsI. B cmamve npeonodicena uMUmayuoHHas MoOeib USMEeHeHUs KOHMYPHOU Nniowaou noo
6030eticmeuem eHeutnell usmensiowelics Hazpysku. C nomMowplo noayueHHblX 9KCHEPUMEHMANbHBIX OAHHBIX OOKA3AHA
adexeamnocms Mooenu Oasl pasuvlx nogepxnocmel. IIposedennvie uUCCie008aHUs NO36ONAIOM  OCYUECBIAMND
MoOenuposganue 8IUAHUA NAPAMEMPO8 HA COCMOAHUE ChepuyecKux NO8epXHOCMell UCHbIMbIBAEMbIX 00bEKMOo8, 4mo
VAYHWUM OYEeHKY COCMOSAHUA MPUOOOOBEKMOB INIEKMPOPEIUCUBHBLM MEMOOOM.

KaioueBsle cioBa: Huumayuonnoe mooenupogauue, mpubdOMOHUMOpUHe, mpuboconpsidicenue, mpenue,
9HOONpOmMe3, USHAWUBAHUE, KOHMYPHAS NIOWAOb.
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A.V.ZHIDKOV, D.Ye. CHEKMAREVA, R.YU. GNEUSHEV, V.V. MISHIN,
K.V. PODMASTERYEV

RESEARCHESOF THE CONTACT CONTOUR AREA DEPENDENCEIES
FROM THE DEVIATIONS OF MACRO GEOMETRY OF SPHERICAL
BODIES

Abstract. A simulation model of contour area changes under the influence of an external floating load is
proposed in the article. The adequacy of the model is proved for different surfaces using the experimental data. The
describes studies allow modeling the effect of parameters on the state of the spherical surfaces of the test objects. It will
improve to estimate the state of triboobjects by electroresistive method.

Keywords: Smulation modeling, tribological monitoring, tribocoupling, friction, endoprosthesis, wear,
contour area.
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YBaxkaemble aBTOpbI!
IIpocum Bac 03HaKOMHUTBLCSI C OCHOBHBIMH TPe0OOBAHUAMM
K 0()OpMJIEHHIO HAYYHBIX CTaTel

e OO0BeM MaTepuaia, MmpeajaraeéMoro K IyOJIMKaIiK, U3MEepseTCs CTpaHUIlaMH TEeKCTa Ha
muctax (opmara A4 u comepxut oT 4 1o 10 cTpaHuIl; Bce CTpaHUIbI PYKOMHCH JOJKHBI UMETh
CIUIOLIHYIO HyMEPAIHIO.

e Craths ipenocTaBisercs B 1 sx3emmuisape Ha OyMaKHOM HOCHUTENE U B SJIEKTPOHHOM BHJIE
(Mo PNIEKTPOHHOM MOYTE WK Ha JIFOOOM 3JIEKTPOHHOM HOCHTEJIE).

e BogiHOM COOpHHKE MOXET OBITH OIMYyOJIMKOBaHA TOJILKO OJHA CTAaThsl OAHOTO aBTOPA,
BKJIFOYast COaBTOPCTRBO.

e [TapameTpsl HaOopa. Ilois: 3epkaiabHBIE, BEPXHEE, JIEBOE, IIpaBoe — 2 cM, HKkHee — 1,6
cM, nepemier — 0. OreTymsl 10 KOMOHTUTYIOB. BepxHero — 1,25 cm, umxuero — 0,85 cm. Tekcer
HaOupaercs B 0qHY KOIoHKY, mpudt — Times New Roman, 12 nr. Oreryir iepBoii cTpoku ad3arma —
1,25 cMm. BrIpaBHUBaHWE — 1m0 MIApUHE. MEXKIYCTPOUHBIA WHTEPBAI — €IUHUYHBIA. BKIIOYNTH
aBTOMAaTHYECKUI mepeHoc. Bce KaBBIUKU JOKHBI OBITH YIIOBLIMH (« »). Bce CHMBOJIBI «THpPE»
JIOJDKHBI OBITH CPETHETO pa3Mepa («—», a He «-»). Hauepranue 1udp (apabCkux, pUMCKHX) BO BCEX
3JIEMEHTAX CTAaThbH — MpsiMoe (He KypCHB).

e CTpyKTypa CcTaThH:

VIK;

Criucok aBTopoB Ha pycckoM s3bike — 12 nt, BCE IIPOIIUMCHBIE B ¢popmare N1.O. DAMUJIINA
10 MEHTPY 0e3 a03aIHOr0 OTCTVIIA,

Hasganue (He 6osiee 15 ciioB) Ha pycckom s3bike — 14 o, moaysxkupubsiv, BCE ITIPOIIMCHBIE
1o IEeHTPY 0e3 a03aIHOr0 OTCTVIA;

Annoranus (ae menee 200—250 ci1oB) Ha pycckoMm sa3bike — 10 T, KYPCHB;

KitroueBbie c10Ba Ha pyccKoM si3bike (He MeHee 3 CJIOB Wi ciioBocodetanuil) — 10 nT, Kypcus;
TekcT cTaThy,

Cmumcok nureparypsl (B mopsake murupoBanus, I'OCT 7.1-2003) Ha pyccKOM SI3bIKE, 3ariaBHE
cnucka autepatypsl — 12 o, moay:xkupusiM, BCE ITPOIIUCHBIE no neHTpy 6e3 ad3amHoro
orcTvna, nureparypa obopmisercs 10 n.

Caenenus 00 aBTopax Ha pycckoM si3bike — 10 nT. [IpuBoasTCS B Tako# MOCIEI0BATEIBHOCTH:
damunmid, UMs, 0TIECTBO;

VUpEKIECHUE WIN OPraHU3aIlNs,

y4eHasl CTETICHb, yYeHOE 3BaHUE, TOKHOCTH,

azapec,

tenedon;

ANIEKTPOHHAS ITOYTA.

e Ha3paHue crarby, (paMUIUU U MHUIIMATIBI AaBTOPOB, AaHHOTAIMS, KIFOYEBBIE CIIOBA, CITUCOK
nuTepatypsl (TpaHCIHTEpalusA) W CBeJAeHHs 00 aBTOpax o00s3aTelIbHO AYOJMpYIOTCH Ha
aHraniickoMm si3bike 34 CTATHEH.

e dopmynel HaOuparoTcs B pemakTope dopmyn Microsoft Equation. Pasmep cHMBOJIOB:
oOpryHble — 12 mT, KpynHBIA WHACKC — 9 NT, MeNKuil uHIeKCc — 7 nT. Hymepanus dopmyn — mo
MPaBOMY Kparo B KpyTrjbiX ckoOkax «( )». OmucaHue HaYMHACTCS CO CJIOBa «rjae» 0e3 ABOCTOYHS,
0e3 ab3alHOTO OTCTyMa; TOSCHEHHWE Ka)XJO0ro CHMBOJA [AeTcs € HOBOMl CTPOKH B TOH
MOCJIeI0BATEIILHOCTH, B KOTOPOH CUMBOJIBI PUBEICHBI B (hopmyiie. EAMHUITBI n3MepeHus JatoTcs B
COOTBETCTBUU ¢ MexayHapoiHo# cuctemoit enunaui; CH.

e Pucynku — uepHo—Oenbie. Eciu pucyHok co3man cpeiactsamu MS Office, Heodxoanmo
nmpeoOpa3oBaTth €ro B KapTHHKY. Jljsi pacTpoBBIX PHCYHKOB pasperienune He Menee 300 dpi.
[MoapucyHouHble HaAmucH BhIOAHATH mpudtom Times New Roman, 10 mrT, moy:KMpHBIM,
KYPCHUBHBIM, B KOHIIE TOYKa HE CTABUTCS.

e PUCYHKH C TOJPUCYHOYHOH TIOJIIHUCHIO, (POPMYIIbI, BBIPABHHBAIOTCS MO HEHTPY 0e3
a03a1[HOT0 OTCTYyIA.

C monHOW Bepcuel TpeOOBaHW K OQOPMIICHHIO HAay4YHBIX cTaTell Bbl Mokere oO3Ha-
KOMHTbhCs Ha caiite http://oreluniver.ru/public/file/scienceljour nal/fipptt/

Ilnama 3a onyonukoeanue cmameii He 63UuMaemcs.

[IpaBo ucmonb30BaHUS MPOU3BEICHUN MPEIOCTABICHO aBTOpPAMU HAa OCHOBAHMHU M. 2 CT.
1286 Yetseproit uactu ['paknanckoro Koxekca Poccutickoii @eneparium.
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