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MATEPUAIDbI
MEXOYHAPOOHOW HAYYHO-TEXHUYECKOW KOH®EPEHLIUN

«AUHAMUKA, HAOEXHOCTb U AOJIFCOBEYHOCTDb
MEXAHUYECKUX N BUOMEXAHUYECKUX CUCTEM»

CEKLNA « TEOPETUYECKAA U INPUKTTAAHASA MEXAHUKA»

VK 621.983; 539.374

C.H. JIAPUH, B.1. INIATOHOB, C.C. AKOBJIEB

OINPEAEJIEHUE BEJIMUYUHBI IIOBPEXJTAEMOCTH
IHPU ®OPMUPOBAHHUU ITPAMOYI'OJIbBHBIX KAHAJIOB
B MHOT'OCJIOMHBIX JTJUCTOBBIX KOHCTPYKIHX

AHHOTAUUAA. B cmamve npedcmaeneHvl OCHOBHbIE MOMEHMbl PA3PAOOMKU MaAMeMamuieckol Mooenu
NHEBMOGOPMOBKU NPAMOY2ONbHbIX KAHANO8 6 MHOLOCIAOUHBIX JUCMOBLIX KOHCMPYKYUSX, Ol 08YX DA3HBIX 2pYnn
Mamepuanos, npoAGIAIWUX PA3TUYHbIE CEOUCMEAd 6 3A8UCUMOCMU OM CKOPOCMHBIX Napamempos npoyeccd.
Tonyuennvle 6 x00e MOOeAUPOBAHUS 3A8UCUMOCTNU NO3BOJIAIOM ONpedeumyb 8eIULUHY NOBPEHCOAeMOCNU MAMepUald 8
npoyecce GopMOBKU, KPUMULECKYIO 8bICOMY OpMyeMblX KaHAI08 U 8pemst popmosku. Hccrnedosanus ebinonnensl 0is
cmaouu GopmMupoeans 1eMeHmMo8 8 yenax KOHCMPYKYUil.

KiaroueBble clioBa: opmousmenenue, MHO2OCIOUHble KOHCMPYKYUU, NPAMOY2OibHble KAHATbL, CUN0BbLE
napamempeoi.
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Cexnus «TexHOJI0THH M HHCTPYMEHTHI»

S.N. LARIN, V.I. PLATONOV, S.S. YAKOVLEV

THE DETERMINATION OF THE AMOUNT OF DAMAGE
WHEN THE FORMATION OF RECTANGULAR CHANNELS
IN A MULTILAYER SHEET STRUCTURES

Abstract. The article presents the main points of the development of a mathematical model for the
pneumoforming of rectangular channels in multi—layer sheet structures for two different groups of materials exhibiting
different properties depending on the speed parameters of the process. The dependencies obtained during the modeling
allow to determine the amount of material damage during the forming process, the critical height of the molded
channels and the molding time. The investigations were performed for the stage of forming elements in the corners of
the structures.

Keywords: shape change, multilayer constructions, rectangular channels, power parameters.
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[0.A. TOPCKUMN

ABTOMATU3AIIUA PACYHETOB I1PU OIEHKE TEPMOHAITPA’KEHHOI'O
COCTOAHUA DJIEMEHTOB ITAPOBBIX TYPBUH

AHHOTAUMSI. Paboma noceswena aemomamuzayuu pacuemos MmemMnepamypHvix noaell npu OoyeHke
MEPMOHANPAICEHHO20 ~ COCMOSHUSL  naposvix  mypbun.  Ilpusodumcss  kpamkoe — onucanue  paspabomanHol
KOMRbIOMEPHOU Npocpammvl Olii pacyema Kodgguyuenmos menroomoauu. B nacmoswuii momenm pesynomanoi
pabomsl npoSpamMmsl (Co30a6aemvlil Al SPAHULHBIX YCL08ULL) AOANIMUPOBAHbL K UCHOTb308AHUIO 8 NPOSPAMMHOM
Komnaekce Ansys U  UCNONb3VIOMCA NPU  OYeHKe MEPMOHANPANICEHHO20 COCMOSIHUA  DNEMEHmOo8 MmypOuH,
NPOEKMUPOSanuY U pacieme pecypca npu npooieHuu cpoka oxcnayamayuy. Onvim UCnoab308anus ROKA3AI
SHAYUMENILHOE CHUNCCHUE 8PeMEeHU U mpyoo3ampam Hd ONpeOeleHue SPAHULHBIX YCAO8UI, CHUNCEHUE 8ePOSIMHOCTU
YUCTICHHBIX OUUOOK.

KuaroueBble coBa: napoeas mypounda, MmMeEPMOHARPANCCHHOE COCMOsHUE, MeMNnepamypHoe noie, pomop,
mypbuna, menyiogoul paciem, KO3Qhuyuenm menioomoayu.
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Yu.A. GORSKY

AUTOMATION OF CALCULATIONS IN ESTIMATING
THERMONOMAGED STATE ELEMENTS OF STEAM TURBINES

Abstract. The work is dedicated to the automation of temperature field calculations in the evaluation of
thermal stress state of steam turbines. A brief description of the developed computer program for calculation of heat
transfer coefficients is given. At the moment, the results of the program (the created boundary conditions file) are
adapted for use in the Ansys software package and are used in evaluating the thermal stress state of turbine elements,
designing and calculating the resource for extension of the service life. Experience of use showed a significant
reduction in time and effort to determine the boundary conditions, reducing the probability of numerical errors.

Keywords: steam turbine, thermal stress state, temperature field, rotor, turbine, thermal calculation, heat
transfer coefficient

BIBLIOGRAPHY

1. Safonov. L.P. Raschet temperaturnvkh polev rotorov i korpusov parovvkh turbin: rukovodyashchiy
tekhnicheskiy material / L.P. Safonov, A.N. Kovalenko. K.P. Seleznev. — L.: NPO TSKTI, 1985.

2. Seleznev., K.P. Teplovoye sostoyaniye rotorov i tsilindrov parovykh i gazovykh turbin / K.P. Seleznev. — M.
—L.: Mashinostrovenive. 1964.

3. Rivkin, S.V. Termodinamicheskiye svoystva vody i vodyanogo para: spravochnik / S.V. Rivkin, A.A.
Aleksandrov. — M.: Energoatomizdat, 1984.

4. IJAPWS Industrial Formulation 1997 for the Thermodynamic Properties of Water and Steam. International
Association for the Properties of Water and Steam / Executive Secretary R.B. Dooley. Electric Power Research
Institute. Palo Alto. CA 94304, USA.

5. Trubilov, M.A. Parovyye i gazovyye turbiny / M.A. Trubilov, G.V. Arsenyev, V.V. Frolov. — M.:
Energoatomizdat, 1985.

6. Georgivevskaya, Ye.V. Sovremennyye podkhody k raschetu termonapryazhennogo sostoyaniva parovykh
turbin / Ye.V. Georgiyevskaya, YU.A. Gorskiy // Novoye v rossiyskoy energetike. — 2015. — Ne 11. — S.12-22.

Gorskiy Yuriy Aleksandrovich

OAO «Nauchno—proizvodstvennoe obedinenie po issledovaniyu i proektirovaniyu energeticheskogo oborudovaniya im.
LI Polzunovay, 191167, Rossiya, Sankt—Peterburg, Atamanskaya ul., d. 3/6.

Inzhener 3—y kategorii, Otdel prochnosti i resursa energooborudovaniya

E—mail: iurii.gorskii@gmail.com

YK 621.983; 539.374

M.B. I'PA3EB, C.H. JJAPUH

MOJIXOJ K PASPABOTKE MATEMATHYECKOM MOJIEJIA ITPOIIECCA
PA3JJAYU TPYBbI KOHUYECKUM ITYAHCOHOM
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AunHOTauus. Haubonee npumensemvim MemoooM NPoU3BOOCMBA PA3IUUHBIX (OPM, 6 OCHOBHOM
YUTUHOPUYECKUX U KPY2IbIX 6 MNIaHe SGISemcsi WMAMNOGKd, u, 6 yacmuocmu pazoaua u obocum. OOnaxo
meopemuiecKue Uccied08anusi NOCEAUEHHbIEe Pa30aye 6eCoMa HEMHOLOUUCIEHHbl. B cesa3u ¢ smum eadcnoll 3adauet
cmoum meopemuyeckoe UcCiedo8anue pa3oayu MoHKOCMEHHBIX 3A20MO80K, KOMOpoe YYumleaio Obl MexaHudeckue
ceolicmea UCX00H020 mamepuanda. B cmamve npedcmaenena paspabomanuas MamemMamuyeckdas Mooenb —pazoayu
mMpYOHOU 3a20MOBKU KOHUYECKUM NYAHCOHOM. B ocnosy pacuemos nonosicen memoo pacuema napamempog npoyeccd,
OCHOBAHHBLL HA COBMECMHOM peuwleHUy NPUOIUICEHHbIX OUD@epeHyuanoHbIX YpasHeHUull paeHOGecUsi U YCI06Us
mexyuecmu. [lomyuenvl avipasicenust 05 ONPedeneHus HanpHCEeHH020 U 0epOPMUPOBAHHO20 COCMOSHUL 3A20MOBKU
npoyecca pazoadu mpyoHvIX 3a20MOBOK.

KuaroueBslie ciioBa: pazoaua, mampuya, oedhopmuposarue, HanpsajceHus, 0eropmayui.

Paboma eévinonnena é pamkax zpanmoe PODOH Ne 16-48-710014 u zpanma aomunucmpayuu Tynsckoi
oonacmu.
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M.V. GRYAZEV, S.N. LARIN

APPROACH TO DEVELOPMENT OF THE MATHEMATICAL MODEL
OF THE PROCESS OF PIPE DISTRIBUTION WITH A TAPE PUNCH

Abstract. The most commonly used method of manufacturing various shapes, mostly cylindrical and round in
plan, is stamping, and in particular, crushing and crimping. However, the theoretical studies devoted to distribution are
very few. An important task with this important task is the theoretical investigation of the distribution of thin—walled
blanks, which takes into account the mechanical properties of the starting material. The article presents the developed
mathematical model of the distribution of pipe billet conical poo—son. The calculation is based on a method for
calculating process parameters, based on a joint solution of approximate differential equilibrium equations and the
yield conditions. Expressions are obtained for determining the strained and deformed states of the preform of the
process of distributing pipe billets

Keywords: distribution, matrix, deformation, stresses, deformations.
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K.A. KOBAJIb, A.JI. CYXOPYKOB

Ob UCITIOJIB3OBAHUHU ®OPMAJIN3MA BUTTEHBYPI' A
B 3AJAYE PACYHETA IMHAMUMKHU
COCTABHOI'O IIVTABHUKOBOI'O IBUKUTEJIA

AHHOTaUUsA. Ha ocHoge YuCAeHHbIX MemOo008 OUHAMUKY BA3KOU HCUOKOCIU ONpedeneHbl 2UOPOOUHAMUYECKUE
Xapakxmepucmuky Mawywe2o Kpulid — OCHOBHO20 KOHCMPYKMUBHO20 JIEMEHMAd COCMABHO20 NIABHUKOBO20
osuwocumensi.  Ilposedeno  conocmaenenue — pe3yibmamos — YUCIEHHO20 — pacyema ¢ COOMBEHCMEYIOWUMU
AHATUMUYECKUMU  PEUUEHUAMU U IKCNEPUMEHMATbHBIMU OAHHbIMU C Yeablo eepugpuxayuy paciemHotn mooenu u
NOCNeOVIOue20 aHanu3a NidGHUKOSbIX Osudicumernetl 6oaee ClodcHoU Koncmpykyuu. IIpednosicentvle GblyucIumenbHbie
NnOOX00bl MO2YM NPUMEHAMbCS NPU NPOEKMUPOBAHUU NPONYIbCUBHBIX CUCTEM, 8 COCIAB KOMOPLIX BX00UM MauLyujee
KpbLILO.

KnioueBbie cnoBa: cudpoounamuueckue xapakmepucmuku, mauiywee Kpoiio, NIAGHUKOBbI OUICUMEND,
cucmema Kpulives, popmanuzm Bummenbypea.
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K.A. KOVAL, A.L. SUKHORUKOV

THE USE OF THE FORMALISM OF WITTENBURG IN THE PROBLEM
OF THE DYNAMICS A COMPOSITE SLEEVE MOVERNER

Abstract. Hydrodynamic characteristics of flapping wing are calculated by methods based on CFD in this
work. The comparison of CFD—simulation with analytics and experimental data is performed to provide verification of
current method and further analysis of fin propellers. Introduced numerical approaches can be used in design of
perspective propulsive systems based on flapping wings.

Keywords: hydrodynamic characteristics, flapping wing,fin propeller, system of wings, Vittenburg formalism.
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E.C. JIOMUHAPCKAS, U.E. TIOMUHAPCKUI

TEOPETHYECKHUE UCCIEAOBAHUA ITPEJIBECTHUKOB OTKA30OB
B MUKPOIIEPERIIOYATEJIAX CTEP)KHEBOI'O THUITA

AHHoTauusl. Heobxooumocms nOGblUleHUs HAOEHCHOCMU PAOUOINEKMPOHHOU annapamypsl mpeoyem
NpUMEHEeHUs. HOBbIX NOOX0008 NO UCKIIOYEHUIO U npedomsepaujeruto omxasos. OOHuUM U3 Cnocob6o8 nogvluienus
HAOEINCHOCMU SIBNSENICsL CBOE8PEMEHHOe 0DHAapYdIce e NPed8eCMHUKO8 OMKA3068 6 pabome MeXHUUeCKUx CUcmem.
Omxkaszvl u cOOUHble COCMOSAHUA 6 MUKPONEPeKIOUamensx HNOSAGIAIOMCS 8 OCHOBHOM U3—3d NONAOAHUS 8
MEIHCKOHMAKMHOE NPOCMPAHCMEO NbLIU U Op. 3a2PsisHeHUl, 00pA3068aHUsl NIEHOK, HEPA3PYUAIOWUXCS NPU 3AMbIKAHUU
KOHMAKMO8, NOJOMKU YNPY2020 NeMeHMA Ul paAcnopHOll NPpyicunbl. Bolsgnenue npedsecmiuKos 0mKka3o8 Ha smane
NPOEKMUPOBAHUSL NO36ONUM NPU IKCHAYAMAYUU MUKPONEpeKmodameneti nosviCUumbs HAOEHCHOCHb ux pabomvl. B
cmamove Nnpeonodicena OUHAMUYECKas MOOenb MUKpOnepexouamenei ¢ ynpyeumu CMepICHeGLIMU I1eMeHMamu,
NO360MSIOWAsL UCCTIe008AMb UX PAOOMY 8 YCI08USX 3ANbUICHHOCMU KOHMAakmos. Pacuemuviv nymem 6visigrenvl
NnpeosecmHUKY OMKA308 CHEPIHCHEBLIX MUKPONepeKIiouamenell U3—3d NONAOAHUs YaCuY NbLIU HA KOHMAKINb.

KaioueBble ciioBa: snexmpuueckuli KOHMAaKkm, nepexooHoe ConpomusiieHue, MUuKponepekuoiamens, opedese,
npeosecmHUK OmKasd.
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E.S. LYUMINARSKAYA, [.LE. LYUMINARSKIY

THEORETICAL STUDY OF PRECURSORS OF FAILURE
IN THE SWITCH ROD TYPE



Abstract. The need to improve the reliability of electronic devices requires new approaches for the elimination
and prevention of failures. One way of increasing reliability is early detection of precursors of failures of technical
systems. Failures and failure state switches appear mainly due to contact with the contact space dust and other
contaminants, the formation of films, indestructible when contacts, breakage of the elastic element or spacer springs.
Identification of precursors of failure at the design stage will allow for the operation of the switches to increase the
reliability of their work. The paper proposed the dynamic model of the switches with elastic rod elements, which allow
you to explore their work in dusty conditions contacts. Calculation revealed the harbingers of the failure of the core
switches due to the ingress of dust particles on the contacts.

Keywords: electrical contact, contact resistance, microswitch, chattering, a harbinger of failure.
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B.U. ITAXAJIIOK

PACIIUPEHUE YCJIOBUA MOJEJIMPOBAHUS U3HOCA
B COEPUYECKOM INAPHUPE C HOJIUMEPHBIM 3JIEMEHTOM
TOTAJIBHOI'O DHAOINPOTE3A TASOBEJAPEHHOTI'O CYCTABA

AuHoTanusi. Mooduduyuposana u pacuwupena cyuecmeyloujas Mooeib U3HOCA, OCHOBAHHAS HA
Kaaccuueckom ypasuenuu Apuapoa, 6 cepuveckom coeOuHeHuy momaibHo20 IHOONPome3a mazobeopennozo
cycmaea, Ccooepicaweco  6EPMIYICHYI0 HAWKY U3 NOJUIMULEHA CEEPXBICOKO20 MONLEKVISPHO20 8ecd
(CBMBIID) 6 couemanuu ¢ Memaniu4eckou ui kepamuyeckol 20106xkou bedpennou kocmu. C nomowvbio 3moti
MOOenU NPOBOOSIMCSL UCCIEO06AHUSL C UCHONb30GAHUEM KOHEUHO—IJIeMEHMHO20 AHAMU3A C MOYKU 3DEHUs.
HAKONJIEHHO020 JUHelH020 U 00beMHO20 U3HOCA Cco2lacHo mpebosanusim cmanoapma 1SO 14242—1 u
OONOTHUMENbHO OJI YCI0GUL, BOZHUKAIWUX NpU X00bbe. Hccnedosanuss makce GblNOHAIOMCS Osl Quamempa
207108KU 28 MM NpU NOCMOAHHOM U NEePEeMEeHHOM Kod(duyuenme usHoca, 20e nepemMeHHblll KodPhuyuenm
UBHOCA NPUHUMAEMCSL U3 MOOUDUYUPOBAHHOU (hOPMYIbL OJisL €20 3ABUCUMOCIU OM KOHMAKMHO20 0a67IeHUsL.

KitioueBble clI0Ba: momanbHblll 2HOONPOMe3 ma300e0peHH020 Cycmasd, U3HOC, KOHEUHO—NIeMEHMHOoe
MoOenupoganue, cpepuueckuil cycmae
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V.I. PAKHALIUK

EXPANDING THE SIMULATION OF WEAR IN A SPHERICAL JOINT
WITH POLYMERIC ELEMENT OF A TOTAL HIP ARTHROPLASTY

Abstract. The existing model of wear, based on the classical Archard equation, in the spherical joint of
total hip prosthesis comprising an acetabular cup of ultra—high molecular weight polyethylene (UHMWPE) in
combination with a metal or ceramic femoral head is modified and expanded. With this model, studies are
conducted using the finite element analysis in terms of cumulative linear and volumetric wear for the ISO
14242—1 demands and additionally for the conditions during walking gait. Also they are carried out for a head
diameter of 28 mm at a constant and variable wear factor, where the variable wear factor is adopted from the
modified formula for the dependence on the contact pressure.

Keywords: total hip arthroplasty, wear, finite element simulation, spherical joint.
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A.A. TIOXKAJIOCTHUH, A.B. ITAHIIIMHA

ABTOKOJIEBAHUS OJJHOM MEXAHUYECKOU
CUCTEMBI C CYXUM TPEHUEM

AHHOTAUUSA. [loKA3aHA B03MONCHOCHb CYUWECMBO8AHUS ABMOKOJICOAMENbHO20 PEe30HAHCA 68 MEXAHUYECKOU
cucmeme ¢ cyxum mpenuem. Mexanuzm cocmoum u3 08YX OOUHAKOBLIX B6AN08, BPAWAIOUUXCS PABHOMEPHO 6
nPOMUEONON0JICHble cmopoHvl. Ha eanax nedcum 0O0HOPOOHbII dicecmruil cmepacenb. Paccmompenwt 0sa ciyuas
CYX020 MPEHUsL MeANCOY 8ALAMU U CIMEPIICHEM: KOIPuyuenm mpenust NOCMOsHeH U KOI(h@uyuenm mpeHus HeauHetno
3a8uUcum om CKOpoCcmu CKOIbJICeHUs dnemenmos mexanuzma. Cocmasnenvl oug@epenyuanvrvle YpasHeHus 08UNCEHUS,
BLINUCAHBL  pewieHuss. sl 8Mopoeo CaAyYas AHATUMUYECKU NPUOTUNCEHHO HNONYYEHAd 3A8UCUMOCHb aMIIUMYObL
KoeOanutl cucmemosl Om 8pemMeHU, NOJIYHeHd aMnaumyoa asmokonrebanuil. Pezyniemamor pabomel nokaswieaiom, umo
Hellb3s1 npeHebpe2amv 603MONCHOCIbIO NOSAGNICHUS PUKYUOHHBIX ABMOKOICOAHU 8 MEXAHUYECKUX CUCMEMAX.

KuroueBble cli0Ba: konebanus, cyxoe mpenue, agmoko1edbamenvhblil pe30HaHC, amMnaumyoa asmoxoieoanuil.
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A.A. POZHALOSTIN, A.V. PANSHINA

AUTO-OSCILLATION OF ONE MECHANICAL SYSTEM
WITH DRY FRICTION

Abstract. The possibility of the existence of auto—oscillating resonance in a mechanical system with dry
friction is shown in this paper. The mechanism consists of two identical shafts that evenly rotate in opposite directions.
A homogeneous rigid rod lies on the shafts. Two cases of dry friction between the shafts and the rod are considered: the
coefficient of friction is constant and the nonlinear coefficient of friction depends on the sliding speed of the elements of
the mechanism. Differential equations of motion is composed, solutions have been obtained. For the second case the
time dependence of the amplitude of oscillations of the system was obtained analytically approximated. Also the
amplitude of auto—oscillations was obtained. The results show that it is impossible to neglect the possibility of frictional
auto—oscillations in mechanical systems.

Keywords: oscillations, dry friction, auto—oscillating resonance, amplitude of auto—oscillations.
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AM. IIOJIFIKOB, M.A. KOJIECOBA, I1L.K. IITAHBKO

BEINECTBEHHBIE ®YHKIIUMN,
OYHKIMOHAJIBI 1 3AKOHbBI COXPAHEHUSA

AHHOTAIMS. 3aKOHbI COXPAHEHUS C6A3AMbL C CUMMEMPUAMU 8 npupode. B ceA3u ¢ 2MuUM  MOICHO
npeononazams, 4mo 8CAKULL NPUPOOHbLU NPoyecc npomexaenm 8 COOMeemcmauU ¢ ONPeoeleHHbiM 3aKOHOM COXPAHEHUS.
T.e., ecnu uzgeecmna Kakas—aubo QYHKYuUs, ONUCLIBAIOWAs Npoyecc, Mo 6 Heul COOePIHCUMCA ONpeOeleHHbIl 3aKOH
coxpanenua. Taxkaa @ynkyua mooxcem Ovimb NOAYYEHA, € MOM HUUCTe, 6 pe3VIbmame IKCNEPUMEHMATLHBIX
uccnedosanull, a N0 COOMBEMCMEYIOueMy eli NAPaAHICUAHY MOAICHO GbIABUMb 3AKOH COXPAHEHUS, 8 COOMBEMCMEU C
KOmopblM 5mom npoyecc npomexaem. I1obanvhas yearb uUcCciedo8aHus, 6 pamKax KOmMOpo20 peuwlaomcs 3a0ayu,



nocmasgnenHvie 6 SMoli Cmamve, COCMOUM 6 GblAGHEHUU 3AKOHO08 COXPAHEHUS, ONPeOeAIOUWUX XapaKmepHble O8UIICEHI]
cucmem ¢ U30bIMOUHBIM HUCIOM cmeneneli c6ob00bl, eciu OHU cyujecmeylom. B smoil cmamve nokaszamo, ymo ons
KaxcOOll  6eujecmeeHHol  QYHKYuU J1e2K0 HAXOOUMCS JAHPAHICUAH, 6 KOMOPOM COOEPIHCAMCA CUMMEmpPUU U,
C1e008AMENBHO, COOMBEMCMEYIOUjUE UM 3AKOHBL COXPAHEHUS.

KuaioueBbie ciioBa: @ynxyus, 00biKHOBeHHOe OughghepeHyuanvHoe ypasHenue, NASPAHNICUAH, (DYHKYUOHAT,
3AKOH COXPAHEHUS.
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AM. POLTAKOV, M.A. KOLESOVA, P.K. SHTANKO

REAL FUNCTIONS, FUNCTIONALS AND CONSERVATION LAWS

Abstract. Conservation laws are associated with symmetries in nature. In this connection, it can be assumed
that every natural process proceeds in accordance with a definite conservation law. That is, if any function describing
the process is known, then it contains a certain conservation law. Such function can be obtained, among other things, as
a result of experimental studies, and according to the corresponding to it Lagrangian it is possible to find the
conservation law, according to which this process proceeds. The global goal of the study, in which frame solved
problems posed in this article, consists in revealing the conservation laws that determine characteristic motions of
systems with an excessive number of degrees of freedom, if they exist. In this paper it is shown that for each real
function it is easy to find a Langrangian in which are contained symmetries and, consequently, the conservation laws
corresponding to them.

Keywords: function, ordinary differential equation, Lagrangian, functional, conservation law.
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B.B. [IOPOIIIMH, J1.}0. BOI'OMOJIOB

MATEMATHYECKOE MOJAEJIUPOBAHUE TEIIVIOIIEPEHOCA
BS3KOU ’KUJKOCTH B Y3KOM TPEXMEPHOM KAHAJIE
C IIEPOXOBATBIMHU CTEHKAMMUA

AHHOTaNMS. PaCCMompeHa Mamemamuieckas, Mooeib menjonepeHoca 6 Y3Kux KaHhaiax ¢ ydemom
uiepoxoeamocmu uUx CmeHoK 6 mpexMepHoﬁ nocmanoske. Onucam YUCIEHHbIL Memoo peuiernus 0anHOU MoOeu.
ITloxazanwi npumepbol MO&Q]IMPOGCZHH;I O/l KAHANO8 C 2NAOKUMU CIEHKAMU U KAHATI08 C pedllbHbIMU MexXHo10cUYeCcKumMu
uiepoxosamoviMut CMEeHKAMU.

KurwueBble cjioBa: y31<m7 KauHal, uepoxoeamocnib no6epxnHocmu, nomok CNIIOWHOU cpe()bz, menyioooOMen.
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V.V. POROSHIN, D.Yu. BOGOMOLOV

ADAPTIVE LOCAL DEFECT FILTER FOR SURFACE TOPOGRAPHY
CONTROL OF MECHANICAL SYSTEM ELEMENTS

Abstract. The mathematical model of fluid flow and heat flux in thin channel of mechanical systems with
moving rough walls in the 3D approach is proposed. The numerical method for solving proposed model is described.
The examples ofheat flux modeling for channels with smooth walls and walls having real measured technological
surface roughness are shown.

Keywords: thin channel, surface roughness, fluid flow, heat flux.
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B.J. CYJIUMOB, I1.M. LIIKAITOB, A.B. CYJIUMOB

YCTOMYUBOCTH MO AKOBU U BBIYUCJIUTEJIBHASA
JAUATHOCTUKA TUHAMHUYECKHUX CUCTEM
C UCITIOJIb3OBAHUEM I'MBPUIHBIX AJITOPUTMOB

AuHoOTamMs. Paccmampuearomess éonpocel yemouuusocmu no Axobu Ounamuyeckux cucmem 6 pamkax
meopuu Kocambu—Kapmana—Yepna. Jeonoyuio cucmemslt ONUCLIBAION 8 2eOMEMPULECKUX MEPMUNAX, NPeOCMAGIIssL
ee KaK 2eo0e3uteckyio 8 Quncieposom npocmpancmee. Onpeoensiomcs 2eoMempuyeckue UHEAPUAHmMsl UCCIeoyemoi
cucmemvl. CobCMEeHHbIe 3HAYEHUS GMOPO20 UHBAPUAHMA OQIOM OYEHKY ycmouuusocmu cucmemsl no AHxobu.
Dopmynupyemcs 3a0aua GbIYUCTUMENbHOU OUASHOCIUKY CUCTEMbL HO 3A0AHHbIM COOCMEEHHbIM 3HAYEHUSAM MEH30Pd
Kpueushvl  omkioHeHus.  Kpumepuanvnvie — @ynxyuu — npeononazaiomcs — HenpepouléHbiMU,  IUNUUYEEHIMU,
MHO20IKCMPEMANbHbIMU, He 0053amenvHo  6Ciody  ouggpepenyupyemoimu. Ilpu noucke 2n106anbHbIX peuieHuil
UCNONL3VIOMCS HOBbLE UBPUOHBIE ANCOPUMMBL, 00BEOUHAWUE CIOXACTUYECKUTE KDAMHBIL aleOPpUmM CMOIKHOGEHUs
yacmuy (CKAaHUPOBanue NPOCMPAHCMEd NEPEMEHHBIX) U OeMePMUHUPOBAHHbLE MemOObl IOKAIbHO20 NOUCKA. B nepsom
aneopumme JLOKAIbHLIL NOUCK Peanu3yemcst MoOupuyuposantvim cumniekc—vemooom Hendepa—Muda. Bo emopom
aneopumme  Npu  JOKAILHOM — NOUCKE — 6B00AMCA  O8YXNAPAMEMPUHECKUEC — CIANCUBAIOWUE — ANAPOKCUMALUL
Kpumepuanvrol Qyuxyuu. Ipusooumcs wuciennviii npumep Koppekyuu napamempos i GbIMUCTUMENbHOU OUASHOCIUKL
cucmemut Jlopenya.

KnaroueBble ca0Ba: ounamuueckas cucmemd, YCmouuueocmv hno Hkobu, 2eomempuueckutl UHEAPUAHM,
KpumepuanbHas yuKyus, 2100aibHas OnmuMu3ayus, 2u6puonslil areopumm, cucmema Jlopenya.
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V.D. SULIMOV, P.M. SHKAPOV, A.V. SULIMOV

JACOBI STABILITY AND COMPUTATIONAL DIAGNOSTICS
OF DYNAMICAL SYSTEMS USING HYBRID ALGORITHMS

Abstract. Consideration is being given to Jacobi stability of dynamical systems in the framework of the
Kosambi—Cartan—Chern theory. In this approach they describe the time evolution od a dynamical system in geometric
terms, by presenting it as a geodesic in the Finsler space. Geometrical invariants of the system under investigation are
obtained. Eigenvalues of the second invariant determine the Jacobi stability of the system. The problem of
computational diagnostics of the system based on given eigenvalues of the deviation curvature tensor is stated.
Criterion functions are supposed being continuous, Lipschitzian, multiextremal, not necessary everywhere
differentiable. Global solutions are searched for by use of new hybrid algorithms that combine a stochastic Multi—
Particle Collision Algorithm (for scanning a search space) and deterministic methods for local searching. The local
search is realized by use of the modified Nelder—Mead simplex method in the first algorithm. Two—parametric
smoothing approximations of the criterion function are introduced for local searching in the second algorithm. A
numerical example on updating parameters and computational diagnostics of the Lorenz system is presented.

Keywords: dynamical system, Jacobi stability, geometrical invariant, criterion function, global optimization,
hybrid algorithm, Lorenz system.
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T.JI. HEMAKHNHA, 1.H. MOPEBA, H.C. IbAJ4YVYK

METOIUKA OHNPEJAEJIEHUA CHUJI, I[EﬂCTBYIOHII/IX HA CYJHO
B IEPUOJA AKOPHOU CTOSAHKHU

AHHOTauMA. Paccmompena memoouka onpedeneHus HeWHUX CUll, OeliCmeyiouux Ha CYOHO, Cose20 Ha
saKope.
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T.L. CHEMAKINA, LN. MOREVA, N.S. DYACHUK

METHODOLOGY OF DEFINITION OF FORCES ACTING
ON THE VESSEL IN THE PERIOD OF ANCHOR PARKING

Abstract. The method of determining the external forces acting on the ship standing at anchor.
Keywords: ship, mooring, external force, effective wind speed, surface part of the vessel, the wetted surface of
the vessel, the force of the current, the Reynolds number, wave drift.
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B.I'. BAXKEHOB, /1.A. KA3BAKOB, E.B. HAI'OPHbIX, J1.JI. OCETPOB, A.A. PAIbOB

YUCJIEHHOE U OKCIIEPUMEHTAJIBHOE UCCJIEJOBAHHUE
YIIPYTOIVIACTHYECKHUX ITPOLHECCOB PACTA’KEHUA-KPYUYEHUA
NUJINHAPUYECKHUX OBPA3IOB U3 CTAJIA 091°2C
IIPU BOJIBIIUX JE®OPMALIUAX

AnHoTammsi. [lpusedenvi pe3ynbmamvl HUCIEHHBIX U IKCHEPUMEHMATbHBIX UCCIe008ANHUL  NPOYECcos
VAPY2ONAACMU4ecko2o Oepopmuposanus U 00pa306anusi wielku npu NpONOPYUOHANLHOM  KUHEMATNUYECKOM
HA2PYIICEHUU pACMsdICEHUeM U (UlU) KpyuyeHuem CHIOWHBIX OcecumMmempuynvix obpasyos uz cmaiu 0912C 0o
paspyuenusi. OyeHugaemcst 3aumHoe GIUsAHUE PACMAICEHUS U KPYUEHUsL Ha NpoYeccbl 0eopmMuposanus npu OOTbULUX
oehopmayusx. C  ucnorvzosanuem  IKCHEPUMEHMATbHO—PACUEMHO20 — Memood — NOCMPOeHbl  OUAZPaMMbl
Odegpopmuposanus u YCmaHoBIeHo CyuwecmeeHHoe pasiuyue ouazpamm pacmsxcenus u kpyuenus cmanu 0912C npu
deghopmayusx bonee 15%.

KiaioueBble cioBa: ynpyzonaacmuuyHocms, 6onvuiue Oegopmayuu, ouazpamma  0e@opmMupo8aHus,
KOMOUHUPOBAHHOE HASPYICEHUE, PACMAICEHUC—KPYYEHUE, YUCTEHHOE MOOCTUPOBAHUE, IKCHEPUMEHN.
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V.G. BAZHENOV, D.A. KAZAKOV, E.V. NAGORNYKH, D.L. OSETROV, A.A. RYABOV

NUMERICAL AND EXPERIMENTAL STUDY OF ELASTOPLASTIC
TENSION-TORSION PROCESSES OF CYLINDRICAL SPECIMENS
FROM STEEL 09G2S UNDER LARGE DEFORMATIONS

Abstract. The results of numerical and experimental investigations of the processes of elastoplastic
deformation and the formation of the neck under proportional kinematic tensile and/or torsional loading of solid
axisymmetric samples from steel 09G2S until failure are given. The mutual influence of torsion and tension on the
deformation under large strains is estimated. Using the experimental calculation method, deformation diagrams were
constructed and a significant difference in the tensile and torsion diagrams of 09G2S steel was established for
deformations greater than 15%.

Keywords: elastoplasticity, large strains, deformation diagram, combined loading, tension and torsion,
numerical simulation, experiment.
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C.JI. CAMYHIJIOB, O.A. TPOULIKNH

IJIEKTPOIINTACTHYECKOE KOMITAKTUPOBAHUE
(BPUKETUPOBAHME) IMCIIEPCHBIX ITPOBOJAILIINX MATEPHUAJIOB
JJIAA PEHUKJIMHT A OTXO10B BBICOKOIIPOYHBIX CIIJIABOB,
IMOJYYEHUSA 3ATOTOBOK, NOJTY®ABPUKATOB, MATEPUAJIOB
N U3JAEJUU C HOBBIM YPOBHEM CBOUCTB

AHHOTAIMS. AHATUSUPYEMCA  8O3MOICHOCMb  NOAYYEHUs NOPUCIIBIX  MEMALIUYeCKUX MAmepuanios ¢
UCNOTL308AHUEM INIEKMPOUMNYTLCHOU MEXHON02UY OPUKEMUPOBANUs OUCNEPCHBIX Memainuyeckux cpeo. Ilpounocms
opuxema opmupyemcs 3a cuém KOHMAKMHOU UMNYIbCHOU AEKMPUUECKOl C8APKU HYACMUY Memaid, 6 Kaiecmee
MEXHONO2UYECKO20 UHCTPYMEHMA UCNONb3Yemcs dNeKmpudeckull mox 6onvuiotl naomuocmu. IIpu ommnocumenvho
nebonvuom 6éxnade suepeun( ~ 5 Kem.uac/m) npounocmv Gpuxemos na paspwie bonee 200 kH/m’. Inommocmo
Opuxemog modxcem pezyruposamuvcs 6 ouanasore om 10 0o 50 %. Moowcno uszomasnusams nopucmuie Mamepuanbl U3
MEMALTUIeCKOU CMPYXHCKU U NOPOWKA, U32OMABIUBATNs KOMIOZUMbL ¢ INEKMPONPOBOOAUWUMU U OUITEKMPULECKMU
BKIIOUEHUAMU.

KaroueBble ciioBa: komnaxkmuposaHue, OpuxemuposaHue, Je2KOBECHbIU MeMALoIOM, HOPOUKOBAs.
MEMAnnypaus, CLOHCHbII TOM, MEMALTULECKAS, CMPYHCKA, NOPUCTIBIE MEMALTbL, UMNYIbCHAS DIEKMPUYECKas CapKd.
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S.D. SAMUILOV, O.A. TROITSKY

ELECTRICAL PLASTICITY COMPACTING (BRIQUETTING)
OF DISPERSED ELECTRICAL CONDUCING MATERIAL
FOR RECYCLING OF WASTE HIGH-STRENGTH ALLOY, PRODUCING
OF BLANK, SEMIFINISHED ITEM, MATERIAL AND FINISHED ITEM
WITH A NEW LEVEL OF PROPERTY

Abstract. Is analyzed possibility of reception of porous metal materials with use of electrical pulse
technology of briquetting of disperse metal medium. Durability of a briquette is formed for the account of contact pulse
electric welding of particles of metal, as the technological tool the electric current of the high density is used At rather
small contribution of energy (~ 5 kWeh/t) durability of briquettes under tensile stress more than 200 kN/m’. The density
of briquettes can be regulated in a range from 10 to 50 %. It is possible to make porous materials of a metal shaving
and a powder, to make composites with electrical conducing and dielectric inclusions.

Keywords: powder metallurgy, porous metal, electrical plasticity, electrical pulse technology, compaction,
briquetting, sinter, electrical physics settings, electrical welding, wastes, scrap—metal, metallic shavings.
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E.B. BYPKOBA, /I.B. bYPKOB

AHAJIN3 PABOTBI CUCTEMBI 1O HAKOIIVIEHWIO U TEPEJAYE
TEIIJIOBOU COJITHEYHOMU SHEPT'UU

AHHOTauus. /Iposeden mamemamuieckull anaius meniogoco pelcuma baccelina Kkapvepa, npedcmasiaiouuli
€000l Meniogol aKKyMyIsimop, ¢ UCHOIb308aAHUEM MemMOOd NPOCMPAHCMEA NepemMeHHbIX cocmosinus. TIpedcmaesnena
cucmema MenioaKkKymyisimopd, 6 KOMOpPOU HAaOMoO0aemcs ygeiudeHue CKOpOCmu YUPKYISYUYU JICUOKOCmu ¢
yeenuyeHuem memnepamypbol.

KawueBble cioBa:  conneunass 9SHepeusi, CE30HHbLUL AKKYMYJIAMOpP, NOMOK JHCUOKOCHU, NIOMHOCHb
NO2OWEeHHOU dHEP2ULL.
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E.V. BURKOVA, D.V. BURKOV

OPERATION ANALYSIS OF A THERMAL SOLAR ENERGY
ACCUMULATION AND TRANSFER SYSTEM

Abstract. In this paper, we conduct a mathematical analysis of the thermal regime of the pit pool (a heat
accumulator) using the method of state variables space. We present a system of a heat accumulator in which the speed
of circulation of the liquid increases as the temperature rises.

Keywords: solar energy, seasonal accumulator, liquid flow, density of absorbed energy.

BIBLIOGRAPHY

1. Kovalenko, V.S. Rekultivatsiya narushennykh zemel na karyerakh / V.S. Kovalenko, R.M. Shteyntsayg,
T.V. Golik. — M.: Gornaya kniga, 2012. — 65 s.

2. Tomakov, P.I. Ekologiya i okhrana prirody pri otkrytykh gornykh rabotakh / P.I. Tomakov, V.S. Kovalenko,
A.M. Mikhaylov, A.T.Kalashnikov. — M.: Izd—vo «MGGU», 1994. — 418 s.

3. Makarov, V.V. Otsenka vozmozhnosti sezonnogo akkumulirovaniya solnechnoy energii v vyrabotannykh karyerakh
// Vozobnovlyayemaya energetika / V.V. Makarov, Ye.V. Burkova — K.: IVE NAN Ukrainy. —2008. — Ne 3. — S. 38-41.

4. Korn, G. Spravochnik po matematike / G. Korn, T. Korn. — M.: Nauka, 1998. — 831 s.

5. Birkgof, G. Gidrodinamika/ G.M. Birkgof. — M.: Inostrannaya literatura, 1993. — 244 s.

6. Styrikovich, M.A. Kotelnyye agregaty / M.A. Styrikovich, K.YA. Katkovskaya, Ye.P. Serov. — M.:
Gosenergoizdat, 1999. — 488 s.

7. Kutateladze, S.S. Spravochnik po teploperedache / S.S. Kutateladze, V.M. Borishanskiy. — L.
Gosenergoizdat, 1998. — 414 s.

8. Bekirov, E.A., Algoritm rascheta i analiz yestestvennoy tsirkulyatsii v solnechnom kollektore / E.A.
Bekirov, D.V. Karkach // Vidnovlyuvana yenergetika. — 2013. — Nel. — S. 21-28.

9. Murovskaya, A.S. Tekhnicheskoye resheniye po ispolzovaniyu otrabotannykh karyerov dlya
akkumulirovaniya solnechnoy energii s tselyu snizheniya antropogennogo vozdeystviya teplogeneriruyushchikh
ob"yektov / A.S. Murovskaya, Ye.V. Burkova, E.A. Bekirov, S.P. Murovskiy, D.V. Burkov // Materialy
mezhdunarodnogo foruma «Vozobnovlyayemaya energetika: puti povysheniya energeticheskoy i ekonomicheskoy
effektivnosti». — Krym: Yalta. — 2015. —S. 164-170.

10. Murovskaya, A. Sistemnyy podkhod k proyektirovaniyu kombinirovannykh teplogeneriruyushchikh
obyektov na baze vozobnovlyayemykh istochnikov energii v otrabotannykh karyerakh / Anna Murovskaya Sergey
Murovskiy, Yelena Burkova // American Journal of Science and Technologies. — 2016. — Nel (21). — S. 858-865.

11. Burkova, Ye.V. Sozdaniye ekologicheski bezopasnykh energoeffektivnykh teplogeneriruyushchikh
obyektov pri rekultivatsii karyerov / Ye.V. Burkova, D.V. Burkov // Sistemy kontrolya okruzhayushchey sredy. — 2017.
—Ne 8 (28). —S. 110-113.

Burkova Elena Viktorovna Burkov Dmitiy Valerievich



Sevastopol State University, Sevastopol Sevastopol State University, Sevastopol

Ph.D., associate professor of the Department of Ph.D., associate professor of the Department «Department
«Department of power plants of sea vessels and of technosphere safety»
structures» E-mail: dv.burkov@mail.ru

E—mail: lenalb@mail.ru

TEXHOJIO'MN U UHCTPYMEHTbI

YVIK621:658.012:531

A M. BOXOHCKU, E.C. YAJIAY

JUHAMUYECKHUE TACUTEJIN KOJEBAHUM HEXKECTKHUX
3ATOTOBOK ITPU TOKAPHOM OBPABOTKE

AHHOTAIMSA. H37001CEHbl  OCOOEHHOCMU  MOOETUPOBAHUS U DAEMEHMbl  KOHCPYUPOBAHUA  NACCUBHBIX
OUHAMUYECKUX 2acumeieli U32UOHO—KPYMUTbHBIX KOIeOAHUI HEHCeCMKUX 3a20MOB0K NPU A8MOMAMUYECKOU MOKAPHOIL
obpabomre. ObpaweHo GHUMAHUE HA UCNONb308AHIUE AKMUBHBIX (YNPABIAEMbIX) OUHAMUYECKUX cacumenel U3euboHo—
KDYMUTbHBIX KOIEOAHUT HeHCeCMKUX 3A20TOBOK.

Kntouesvle cnoea: Hesxcecmkue 3a20MosKu, MOKAPHAs 00pabomKa, KOAeOaHus 3a20MO60K, NACCUSHbIE
OuHaMUYecKue eacument, ynpasiaemvle OUHAMUYECKUe 2ACUmeinu.
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A.I. BOHONSKY, E.S. CHALAYA

DYNAMIC DAMAINS OF VIBRATIONS OF HEAVY ARTICLES
IN TURNING PROCESSING

Abstract. The foundations of modeling and elements of the design of passive dynamic absorbers of flexural—
torsional oscillations of nonrigid blanks under automatic turning are expounded. Attention is drawn to the possibility of
using active (controlled) dynamic vibration dampers.

Keywords: nonrigid blanks, turning, oscillations of blanks, passive dynamic dampers, controlled dynamic
dampers.
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CPABHUTEJIbHBINA AHAJIU3 PE3YJIBTATOB AHAJIUTUYECKOI'O
N UMUTAIIMOHHOI'O MOIAEJIMPOBAHUA ITPOLECCA
®YHKIIMOHUPOBAHUS TEXHUYECKON CUCTEMBI C YYETOM
IMPOBEJAEHUSA NTPOPUITAKTHYECKOI'O OBCJIYKNUBAHUA

AHHOTAIMSL. B OanHOll cmambe NOCMpoeHa UMUMAYUOHHASL MOOeb (QYHKYUOHUPOBAHUS MEXHUUECKOU
cucmembl ¢ yY4emom nposedenusi NPOPUIAKMUYECKO20 0OCIYHCUBAHUS, CIYICAuds O BepUuPuKayuu 8eposimHOCIHO
aHaIuMu4eckol Mooeau, HOCMPOEHHOU HA OCHO8e Memooa mMpaeKmopuil, UCHOAb3YeMO20 OJisl MOOEIUPOBAHUS
noaymaprosckux cucmem. Ilpugedenvl anamumuyeckue GulpadceHus, NOAYYeHHble C UCHOIb308AHUEM Memood
mpaekmoputl, NpPaAGUILHOCHb KOMOPbIX He0OX00UMO OyYeHums. Boinonnen pso sxkcnepumenmos, no3600uuil
onpedenums KOIP@uyuenm 20mosHOCMU Maxou cucmemvl 6 yenom. IIpoeedena eepuurayus 6eposmHOCMHO
AHATUMUYeCKOU MOoOeNuU, Ol 4e20 6bINOJHEHO CPABHEHUE pe3yabMmamos UMUMAYUOHHO20 U AHATUMUYECKO20
MOOenuposarnus, noomeepousuiee NPAsUIbHOCHb HOCHPOCHUS MAMEMAMUYecKol MOOeuU.

KaroueBble ciioBa: umumayuonHoe MoOenupo8aHue, Gepupukayusi MoOetu, CMOXACMUYecKds cucmemd,
MAMeMamuyecKoe 0XCUOaHue, OUCnepCusl.
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M.V. ZAMORYONOV

COMPARATIVE ANALYSIS OF THE RESULTS OF THE ANALYTIC
AND IMITATIVE MODELLING OF THE PROCESS
OF THE FUNCTIONING OF THE TECHNICAL SYSTEM WITH THE
ACCOUNT OF PREVENTION OF PREVENTIVE MAINTENANCE

Abstract. In this article. a simulation model for the operation of a technical svstem has been constructed.
taking into account the provision of preventive maintenance, which serves to verifv a probabilistic analvtical model
based on the traiectorv method used to model semi—Markov svstems. Analvtical expressions obtained using the method
of traiectories. the correctness of which must be evaluated. are given. A number of experiments have been performed to
determine the availability of such a system as a whole. Verification of the probabilistic analytical model was carried
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out, comparing the results of simulation and analytical modeling, which confirmed the correctness of constructing a
mathematical model.

Keywords: simulation modeling, model verification, stochastic system, mathematical expectation, variance
modeling.

BIBLIOGRAPHY

1. Koon. V.YA. Isnolzovanive metoda travektoriv dlva postroveniva polumarkovskov modeli struktury
«tekhnologicheskava vachevka — nakopitel». V.YA. Koopp. M.V. Zamoronov. YU.Ye. Obzherin. M.YU. Larin //
Nauchno—tekhnicheskive vedomosti SPbGPU. Informatika. Telekommunikatsii. Upravleniye Ne3(247). Sankt-
Peterburg: Izdatelstvo Politekhnicheskogo universiteta. — 2016. — S. 23-34

2. Sovetov. B.YA. Modelirovanive sistem: Kursovove provektirovaniye: Ucheb. posobiye dlya vuzov po spets.
ASU /B.YA. Sovetov. S.A. Yakovlev. — M.: Vyssh. shk.. 1988. — 135 s.

3. Tomashevskiv. V.N. Imitatsionnoye modelirovaniye v srede GPSS / V.N. Tomashevskiy, E.G. Zhdanova. —
M.: Bestseller. 2003. — 416 s.

4. Shrayber. T.Dzh. Modelirovanive na GPSS / T.Dzh. Shrayber: [per. s angl. V.I. Garchera, LL.
Shmuylovichal: pod red. M.A. Favnberg. — M.: Mashinostrovenive. 1980. — 592 s.

5. Korolvuk. V.S. Matematicheskive osnovy fazovogo ukrupneniya slozhnykh sistem / V.S. Korolyuk, A.F.
Turbin. — Kivev: Naukova dumka. 1978. — 217 s.

6. Korolvuk. V.S. Stokhasticheskive modeli sistem / V.S. Korolvuk. — Kivev: Nauk. dumka. 1989. — 208 s.

7. Korolvuk. V.S. Protsessv markovskogo vosstanovleniya v zadachakh nadezhnosti sistem/ V.S. Korolyuk,
A.F. Turbin. — Kivev: Nauk. dumka. 1982. — 236 s.

8. Zamorvonov. M.V. Simulation of a single-component system using the trajectories method taking into
account the scheduling preventive maintenance / M.V. Zamorvonov. V.Ya. Koop. O.V. Chengar. Yu.L. Rapatskiv //
Cvbernetics and Mathematics Applications in Intellicent Svstems Proceedings of the 6th Computer Science On-line
Conference 2017 (CSOC2017), Vol 2 / Springer International Publishing Switzerland. — 2017. — P. 264-271.

Zamoryonov Mikhail Vadimovich

Federal State Autonomous educational institution «Sevastopol state University», Sevastopol

Candidate of technical Sciences, associate Professor, Department of information technology and computer systems
299053, Sevastopol, Universitetskaya street,33

Ten. (8692)-435137

E—mail: zamoryonoff@gmail.com

VK 629.5.062:621.565.952

C.H. TKAY

OIEHKA D29O®EKTUBHOCTHU TEXHUYECKHUX
XAPAKTEPUCTHUK 3ABOPTHBIX OXJVIAJIMTEJIEN CYJOBBIX
SAMKHYTBIX CUCTEM OXJIAKIEHUSA

AuHoTtanusi. [lo evibpannomy noxazamenio  3Q@DEKMUSHOCU — 6bINOIHEHA  OYEHKA — MEXHUYECKUX
Xapaxmepucmux 3a00pmublx oxaaoumenet 6 00IACMU IKCHIYAMAYUOHHBIX PENHCUMOB 8 VCIOBUSX CMOSHKU CYOHA.
IIposedenvr mennomexnuyeckue KCNEPUMEHMANbHBIE UCCIEO08AHUS OXAAOUMENST 8 COCMABE 3AMKHYMOU CUCMEMbl
oxnaxcoenusi ouzensi. Memodamu cmamucmuyecko2o aHAIU3a IKCHEPUMEHMATbHBIX OAHHbIX NOJYYEeHbl YPAGHEHUs
pezpeccuu, ONUCLIBAIOWUE 3A6UCUMOCTL YOETbHOU dPphexmusnocmuy meniooomena om paoda KOHCMPYKMUGHLIX U
IKCHILYAMAyuoHHblX (pakmopos.  [locmpoenvl meniomexHuuecKue Xapakmepucmuku U 6blOpaHbl ONMUMAIbHbIE
pedicumbl pabomul 3a060pmMHLIX oxaadumeinet, O KOMOPbIX XAPAKMEPHbl 8bICOKUE NoKazamenu ¢hdexmusHocmu
MenioobMena 8 YCio8uax c80000HOI KOHBEKYUU K 3aD0PMHOL 800e.

KiroueBble CJI0Ba: 3a60pmublil 0X1A0UMENb, CUCEMA OXAANCOCHUsL OU3eNsl, IPPEeKMUBHOCIb MEeNn1000MeHd,
€c80000HASI KOHBEKYUSL, MENTOMEXHUYECKASL XaAPAKMEPUCTNUKA.
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S.N. TKACH

EVALUATION OF THE EFFECTIVENESS OF THE TECHNICAL
CHARACTERISTICS OF THE BOX COOLERS MARINE CLOSED
COOLING SYSTEMS

Abstract. On the selected performance indicator evaluated the technical characteristics of the box coolers in
the area of operational modes in terms of Parking of a vessel. Conducted thermal experimental study of a cooling
structure of a closed—loop cooling system of the diesel engine. Methods of statistical analysis of experimental data the
regression equations describing the dependence of the efficiency of heat transfer from a number of design and
operational factors. Built thermal performance and optimal modes of operation of box coolers, which are characterized
by high indicators of efficiency of heat transfer under free convection to outboard water.

Keywords: box cooler, the cooling system of a diesel engine, efficiency of heat transfer, free convection,
thermal characteristics
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J.A. TOKAPEB

ONTUMM3AILIUA TEUEHUSA UMIIAKTHBIX CTPYH
B TEILJIOOBMEHHBIX YCTPOHCTBAX

AHHOTamMs1. Paccmompena onmumuzayus. meniooOMeHH020 annapama ¢ UHmMeHcupurayuel menioomoaiu
nymem paspyuleHust NPUCMEHOYHO020 CLOSi UMHAKMHbIMU cmpysvu. Tlpumenen sxpan, (opmupyiowuil meyenue
arcuokocmu. Ilpogedeno KomnviomepHoe MOOENUPOBAHUS MeYeHUs HCUOKOCMU 8 UCCAeOYeMOM Men1000MeHHOM
annapame.

KawueBble caoBa: 3amkuymvle cucmemvl  OXNANCOEHUs, UMAAKMHbIE CMPYU,  UHMEHCUDUKAYUs
menioobmena, CNUPAIbHbLIL KAHAL MeYeHUs, MOOSIUPOSAHIUE MEYCHUsL HCUOKOCTU.

Paboma evinonnena 6 pamkax uccied08amenbCckoi  pavomuvl aadopamopuu  «Ipphexmuenvix
IHepzemu1ecKux yCmano6oK u mexHoa02uil» Kagedpvl Inepzoycmano6oK MopCKUX cyooe8 u coopyiceHuil.
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D.A. TOKAREV

OPTIMIZATION FLOW OF IMPACT JETS
IN HEAT EXCHANGER DEVICES



Abstract. Optimization of the heat exchanger with intensification of heat transfer by destroying the wall layer
by impact jets is considered. A screen is used to form the flow of liquid. Computer simulation of the flow of liquid
present.

Keywords: Closed cooling systems, impact jets, heat transfer intensification, spiral flow channel, fluid flow
simulation.
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H.K. @EJJOPOBCKA

IKOJOI'MYECKHU BE3OITACHASA CUCTEMA OXJIAXKAEHUSA
JHEPT'OYCTAHOBOK

AHHoOTanus. Hccredosan mexanusm 8030eticmeus Ha OUopecypcvbl Mopel U KOHMUHEHMATbHbIX 8000eMO8
8000NOMPEDNAIOWUX CUCTHEM OXAAHCOEHUS IHEP2OYCMAHOBOK MOPCKUX NAAM@POPM U MEN08blX dNeKMPOCMAHYUIL.
Iloxazano, umo npu 2mom nauboee CunbHO cmpadaem NIAHKMOH, AGTAIOWULICA OCHOBOT NUWEBOU YenoyKu 6 6000eMe.
Ilpeonooiceno ucnonv306amo 3aMKHYMble CUCHEMbl OXNANCOEHUs, UCKmoUarwue nompebienue 6o0vl. Ilpu smom
NPUMEHAIOMCS. NOSPYICEHHbIE 8 6000eM NIACMUHYamble ycmpolcmea mennoomeooa. Onpedenena ux meniogds
apgpexmusnocmo. Iloxkazano, 4mo 0N CHUICEHUS MACCO2AOAPUMHBIX NOKA3amenell JMux yCmpocme mMo2ym ovims
UCNONB308AHBL 2A30HCUOKOCHIHbIE CIMPYU, KOmMopvle yeeauyusaom xodpguyuenmol menioomoayu 6 §...20 pas. B
pesyavmame co30armcs Ycaosus 0 WUPOKO20 BHeOPEHUS 3AMKHYMbIX CUCTEM OXAANCOEHUs 8 NPAKIMUKY.

KnroueBble cioBa: Ouopecypcol  Mopeu, NIAHKMOH, 9HEP2OYCMAHOBKU, — CUCTHEMA — OXAAHCOEHUs,
mennoooMeHHble annapamal.
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N.K. FEDOROVSKAYA

ECOLOGICALLY SAFE SYSTEM FOR COOLING POWER PLANTS

Abstract. The mechanism of the impact on biological resources of the seas and inland bodies of water of
water—cooling systems of power plants a wide range of objects: ships, offshore platforms and thermal power plants. It
is shown that in this case the most severely affected plankton, which is the basis of the food chain in the pond. It is
proposed to use a closed cooling system, eliminating the consumption of water. Examples of such systems. It uses
submerged in a pond different heat removal device. Their efficiency is relatively low because the heat transfer is carried
out in a stationary water in a free convection. To improve the effectiveness of the proposed to use liquid—gas jet. The
investigations and obtained.

Keywords: the biological resources of the seas, plankton, plants, cooling systems, heat exchangers.
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O.B. DMJINIIOBNY

PA3PABOTKA CTPYKTYPbl HH®OPMAIIMOHHO-YIIPABJISIOIIENA
CUCTEMBI METAJUVIOPEKYIIEI'O CTAHKA TP HAJIMYNHU
HOCJIEOIIEPAIIMOHHOI'O KOHTPOJIA

AHHOTamMsl. Paccmampusaemcs mamemamuieckoe Onucanue mexHoio2U4ecKkozo0 npoyecca u320moeieHus
napmuu demaneti na Mmemaniopexcywem cmanke. IIpednonazaemcs, ymo ocHOBHbLIM NOKA3AMeENEM KAYeCmea AGNACMCA
JTUHENHbIT pasmep 0emanu, OMKIOHeHUe KOMOpPo20 ONpedeniaemcs pasmepHoll HacmpotKol CManKa U CO80KYNHOCIbIO
CYHAUHBIX YAKMOPO8, OCHOBHBIM U3 KOMOPBIX AGNAEMCA USHOC UHCMpYyMeHma. [Ipusoosamcs npuduHvl 03HUKHOBEHUS
CYHAUHbIX ROZpewHoCmell npu 00pabomke, 306UCUMOCTb pPe3YTbMAMA UBMEPEHUs OM NOSPEUHOCIU, d MAKiCe
3aKoHbL pacnpedeneHus U HeKomopbvle napamempul CLyuaiuHbIX 6eaudut. /s oyeHKy OMKIOHeHUs 6eNUYUHbL PAZMEPHOU
HACMPOUKU 8 KANCOOM YuKIe Npeonasaemcsi UCnoab308ams pekyppeHmuwii arcopumm. Ilpusooamca pezynvmamul
MOOeNUPOBAHUSA, AHAIU3 KOMOPbIX 00KA3bleaem 3(pheKmusHocmyb NpUMeHeHUs aneopumma Os UCCIe008aHUS OAHHOU
OuHamuueckoll cucmemvl. Paspabomana cmpykmypHas cxema UHGOPMAYUOHHO—YNpAsTAOWell CUCTHEMbl CIMAHKA,
onucano ee QyHKyUOHUposaHue u g3aumoodeticmeue nodcucmem. Ilpednacaromca BAPUAHMBL  UCTOTBL30BAHUS
aneopumma u nepcneKmuebl OanbHeUUUx Uccie008anul.

KnroueBble cnoBa: ungopmayuonHo—ynpagisiowas cucmema, Memaniopedcyuuli cmanox, noxasameib
Kawecmea, nocieonepayuontblil Koumpons, gunemp Kanmana, oyenxa, ynpasnetue.
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O.V. FILIPOVICH

DEVELOPMENT OF THE STRUCTURE OF THE INFORMATION
AND CONTROL SYSTEM OF THE METAL-CUTTING MACHINE TOOL
WITH POST-OPERATIVE CONTROL

Abstract. Consideration is given to a mathematical representation for manufacturing of batch parts on a
metal—cutting machine tool. Linear dimensions of machined parts are assumed to be the major quality indicator,
deviation from these dimensions is determined by size setting of machine tool and ensemble of random factors, the main
one is tool wear. Reasons for development of random error in processing, dependence of measurement results on error
as well as distribution laws and some parameters of random values are provided. To evaluate deviation of size setting
value in each cycle, it is proposed to apply a recursive algorithm. Simulation results which prove effectiveness of
algorithm application to investigate the given dynamic system are provided. A block diagram of the information and
control system of the machine tool is developed, its functioning and interaction of subsystems is described. Variants of
algorithm application and opportunities of further research are proposed.

Keywords: information and control system, metal—cutting machine tool, quality indicator, post—operative
control, Kalman filter, estimation, control.
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A.A. IITATYJIbCKHUA

IKCHEPUMEHTAJIBHOE OIIPEAEJEHHUE KOO®O®UIIUEHTA
PACXOJIA JEMEHTOB JUTHUKOBOI CUCTEMBbI

AHHoTauusi. [Ipedcmagnenvt dKCnepuMeHmaIbHble pe3yibmamyvl onpeoeienus Kodhguyuenmos pacxoda
9NeMEHMO8 TUMHUKOBOU CUCTNEMbL UMb NO BbINIAGIAEMbIM MOOEIAM, NO380UBUIUE YIMOUHUMb MeMOOUKy paciema
napamempos aumbss Omaueox muna «Jlonamkay.

KaioueBsle cioBa: rumnuxosas cucmema, Mooeaupoganue, Kodgh@uyuenm pacxooa, napamempbol Tumbsl.
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A.A. SHATULSKY

THE EXPERIMENTAL DEFINITION OF COEFFICIENT FLOW
OF GATE SYSTEM ELEMENTS

Abstract. Experimental results of definition of coefficient of flow of gate system elements for investment
casting are presented there. These results allow to inquire a procedure of cast parameter calculation for castings of
type «Bladey.

Keywords: gate system, modeling, coefficient of flow, cast parameters.
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A.JO.T'OPEJIOBA, M.T. KPUCTAJIb

BJIAUAHUE JUHAMMNYECKUX XAPAKTEPUCTUK CUCTEMBbI
«PACTOYHASA I'OJIOBKA-3ATI'OTOBKA» HA TOYHOCTDB I'/1IYBOKOI'O
PACTAYNBAHUSA I'MJIB3bI TNAPOLHUJINH/IAPA

Annomayun. Asmopamu npeodnodcena MamemMamuyeckas Mooeib QOpMUPOBAnUs OPAHKU  2TYOOK020
omeepcmus npu e2o pacmayusanuu. Onpeodenenvl 3a8UCUMOCIU BENUYUHBI OSPAHKU OMl OCHOBHBIX OUHAMUYECKUX
xapaxmepucmux — pacmounou  20106ku. OOOCHO8AHO, UYMO  O2PAHKA NPOAGIAEMCS KAK — MEXHON0SUYECKAsl
HACIEOCMBEHHOCHb  NOSpewHocmell  3a20mogky.  Teopemuyeckue — NONOJNCEHUS — NOOMEEPICOCHbL  MEMOOOM
KOMNBLIOMEPHO20 MOOETUPOBAHUS NPOYecca hopmoodpa306anus NPu YUCMOBOM PACMAYUBAHUU 2IYOOKO20 OMEePCmuUs
2UNBL3bL 2UOPOYUTUHOPA meneckonuposanus. IIpednodrcen Memood MUHUMUZAYUY NOSPEUHOCHER OMBEPCUS.

Kniwouegvie  cnoea:  ocpamnka,  nozpewinocmu  pacmavueaHus, — KOMHbIOMEPHOE — MOOeIuposanue,
Mamemamuyeckoe MoOeIuposanue npoyecca pacmaiusaHusl.
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A.Yu. GORELOVA, M.G. CRYSTAL

INFLUENCE OF DYNAMIC CHARACTERISTICS
OF THE «BREAK-HEADING-STORAGE» SYSTEM ON THE ACCURACY
OF DEEP-BREAKING THE HYDROCYLINDER GILZ

Abstract. 4 new mathematical model is proposed where faceting pattern formation is treated as a
consequence of the holes axis technologically inherited straightness error. The dependence of the roundness error value
on the main dynamic characteristics of the boring head are determined. The analysis of the model allowed to establish
that the straightness error of the holes axis primarily determines the faceting pattern formation process. Theoretical
assumptions are in agreement with the results of computer modeling of the shape formation during the finish boring of
the telescoping hydrocylinder deep hole. An improved method for errors minimization is developed.

Keywords: faceting pattern, boring error, boring process computer modeling, boring process mathematical
modeling.
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A1 HCCJIEAOBAHUS PABOTOCIIOCOBHOCTH
TOPMO3HbBIX POJINKOB I'PABUTAIIMOHHBIX KOHBEUEPOB

AuHoTanusi. Paspaboman cmeno, no3eonsiowull UMUMUPOBAMb DEalbHble PENCUMbL IKCHILYamayuu U
npogooUMd UCHBIMAHUL TMOPMO3HBIX DOJIUKOG HPSAMO20 U NPUNCUMHO20 NPUHYUNOG OelCmEUsi, NPUMEHIEMbIX 6
NALIEMHBIX 2PAGUMAYUOHHBIX KOHBEUEPax U CMeLIadcax omedecmeenHblX U 3apyoedcrvlx npouszsooumenei. Cmeno
N036071em UCHBIMbLIEAMb POIUKU ouamempom om 50 mm 0o 135 mm u umumuposams mopmodiceHue naiienm ¢ epy30m
maccoti om 50 0o 1500 ke. [Ipedcmagnenvl pe3ynrvmamol UCHLIMAHUL MOPMO3HBIX POJIUKOS NPAMO2O OeliCMBUS.

KuaroueBblie cjioBa: crmerd, mopmMO3HOU PONUK, SPABUMAYUOHHBIL POTUKOBbILL KOHEellep, naiiemd.
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E.V. SAFRONOV, A.L. NOSKO

DEVELOPMENT OF TEST EQUIPMENT TO STUDY THE EFFICIENCY
OF BRAKE ROLLERS FOR GRAVITY CONVEYORS

Abstract. Designed stand that allows to simulate real conditions and to test the brake rollers direct and
indirect actions used in gravity pallet conveyors and racks of domestic and foreign manufacturers. The stand allows to
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test rollers with a diameter of 50 mm to 135 mm and to simulate the braking loads weighing from 50 to 1500 kg. The
results of direct tests of brake rollers are presented.
Keywords: test stand, brake roller, gravity roller conveyor, pallet.
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JLJI. ITAHKPATOB, N.0. )KUT'VJIEB, B.I'. IIMBAKOB, P.B. IIMBAKOB, A.E. KPFOKOB

BJIMAHUE TEXHOJTOI'MYECKUX U MEXAHUYECKHUX CBONCTB
CIIJTABA HA HUKEJIEBOU OCHOBE GH304 HA CIOCOBHOCTb
K I'VIYBOKOMH BBITAXKKE

AnHotanusi. OOHuM U3 yciosuii obecneyenus KOHKYPEHMHbIX NPeuMyujecme KOHeYH020 U30enus s61emcs
BO3MOJICHOCHb NPOBEOCHUS CIONCHBIX, — pecypcocbepecaruux mMexHONOSUHeCKUX npoyeccos hopmoodopazosanus
3a20MOB0K U3 0DeCneuuUsawux HeodXooumble IKCHIYAMAYUOHHbIE CEOUCMEA, Mamepuanos. B wacmnocmu k makum
npoyeccam OMHOCUMCs npoyecc 2AyOoKou guimadicku uzdenui. IIpeumywecmeamu 2niyboKol  GbIMANICKU ABTAIOMCS
00CMAmMoOYHO BbICOKUU KOIDUYuenm ucnoIb3yemMozo Mamepuanda, a maxdice UCKTIOYUMENbHASL B803MONCHOCTD
U320MOBNIEHUsL MOHKOCMEHHBIX 2TYyOOKUX demainetl u3 IUCmosvix 3a20moeok muna «l unvzay. Heobxooumwvim ycrosuem
0Nl UCNONBL308AHUA 2NIYOOKOU BbLIMANCKU ABNAEMCs 001adaHue Mamepuaiom KOMNIEKCOM MeXHON02UYeCKUx u
MeXaHu4ecKux c8oucms.



B cmamve paccmampueaemcsi oyeHka 603MOJNCHOCMU NpuMeHenusi Oasi 21yO0KOU GbIMANCKU HUKEIe8020
cnnasa obecneuugaoujeco U30enUl0  HeoOX0OUMbI YPOBeHb IKCHIYAMAYUOHHLIX CBOUCMS8, npexcoe 8ce20 —
arcaponpounocmo. Ilpusedenvl pe3yibmamvl UCHLIMAHUL, OYEHUBAIOWUX (QUIUKO—MeXAHUYEeCKUe C8OUCMEA CHiasd
GH304 TI14992—-1994, a makowce OauHble UCHBIMAHUL, HA OCHOBE KOMOPBIX pa3pabomanvl peKxomeHoayuu no
nposedeHuUio eyOOKOU BLIMANICKYU U30EUL U3 HUKELEBbIX CIIABOS.

KnioueBble ciioBa: Huxenegvie cniagvl, JUCMOBAS WMAMNOBKA, WMAMNOBAS OCHACMKA, AHU30MPONUs
ceolicma, 2nyOoKas 8bIMANCKA.
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D.L. PANKRATOV, 1.O. ZHIGULOV, V.G. SHIBAKOV, R.V. SHIBAKOV, A.E. KRYUKOV

INFLUENCE OF TECHNOLOGICAL AND MECHANICAL PROPERTIES
RATIO OF NICKEL-BASE HEAT-RESISTANT ALLOY
ON ABILITY TO DEEP DRAWING

Abstract. One of the conditions of ensuring competitive advantages of the final product is the ability to run
complex, resource—saving technological processes of forming of workpieces from providing the necessary performance
properties to materials. In particular to such processes is the deep drawing process of the products. Advantages of deep
drawing are sufficiently high coefficient of the material used, as well as an exceptional ability to manufacture a deep
thin—walled sheet blanks such as «Casingy». A necessary condition for the use of deep drawing is material possession
the complex technological and mechanical properties.
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The article discusses the assessment of the feasibility of deep drawing Nickel alloy providing the product
with the required level of operational properties, particularly heat resistance. The results of tests evaluating the
physical and mechanical properties of the alloy GH304 T14992—1994, plus test data, based on which developed
recommendations for the deep drawing of products made of Nickel alloys.

Keywords: Nickel alloys, stamping, die tooling, anisotropy of properties, deep drawing.
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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 B oHOM COOpHHKE MOXKET OBITh OITyOJMKOBAaHA TOJBKO OJAHA CTaThsl OJHOIO aBTOpA,
BKJIIOYasi COABTOPCTRO.

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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