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«ANHAMMUKA, HAAEXHOCTDb U JOJT'OBEYHOCTD
MEXAHUYECKHUX U BUOMEXAHUYECKUX CUCTEM)»

CEKLNA « TEOPETUYECKAA U INPUKTTAAHASA MEXAHUKA»

YIK 621.224:534.13

E.B. TEOPTMEBCKA#A

BO3MOKHOCTHU U HEJOCTATKH COBPEMEHHbBIX CUCTEM
JANATHOCTHUKU I'MAPOATPEI'ATOB

AuHoTanusl. TpaouyuonHo cuumaemcs, 4mo OCHOGHbIMU NOKAZAMENAMY, ONPeOeIOWUMY HAOEHCHOCMb
pabomsl 2udpoazpezamos (I'A), aerssiomes subpayuonnvie napamempol. Ha smom ocrnosansl npunyunst monumopunea
2uopoazpe2amos, OMpPANCeHHbie 6 OMPACIEEOll HOPMAMUBHOU OOKYMEHMAYUU.

B nacmosuwyee epems 6 Poccuu cucmemvl  OUASHOCTMUKU — BLINOAHAION  NPEUMYUECMEEHHO  POTb
npedynpeoumenbHoll U A8apuiiHoll CUSHATUZAYUU U He UCNOLb3VIOMCS 0TIl NPOSHO3UPOBAHUSL USMEHEHUSI MEeXHUYECKO20
COCMOSIHUSL, OYEHKU PeCcypcd Wi RAAHUPOBAHUS DEMOHMOE RO cocmosanuio. Kax noxaszvieaem npaxmuka, 601buUHCME0
COBPEMEHHbIX OUACHOCMUYECKUX CUCIEM He NO360JAem  GblAGUINb MAKPOMPEWUHbl 6 PeCypCoOnpedessioujux
onemenmax I'A ne moavko na panneil cmaouu ux pazeumust, Ho 0axce u npu OOCMAMOUHO GONLUUX PAZMEDAX.

B cmambe npugedenvi pe3yibmamol u3yueHust N08eOeHUs. OUHAMUYECKOL cucmembvl «pabouee KOIECO — 6al —
ONOpHBIE NOOWUNHUKIY 8 YCA0BUAX (DAKMUHECKOU IKCHLYAMAYUY KPYNHO20 8EPMUKANLHO20 PAOUanbho—oce6020 (PO)
euopoazpecama. Ocoboe sHuManue YOereHO GIUSHUIO MPEWUH HA KOHMPOIUpyemble OUASHOCIUYEeCKUMU CUCTIEMAMU
napamempbol suGpayuu.

Toxazano, umo 3a cuem GbICOKOU JHCECMKOCMU KOHCMPYKYUU, NOSGIEHUEe U POCH MPEewjur 6 OMmOeIbHbIX
onemMenmax ciabo GuAem Ha HACMOMbL U AMAAUMYObl peaucmpupyemvix konebanui. Kpome moeo, 6 cnexkmpe
OUHAMUYECKUX HANPSNCEHULT PACCMOMPEHHOU CUCMeMbl NPUCYMCMEYIOM COCMAGIsIowUe, KOmopble He Gbl3bleaion
peakyuu Ha onopuvlx yziax IT'A. Dmo osnauaem, umo cywecmayiowue OUAZHOCMUYECKUE CUCTEMbl He NO360J5I0Mm
BLISGUMb MPEUUHBL U, COOMBEMCMBEEHHO, He NO380JAI0M NPAGUILHO OYEHUMb CPOK CIYXHCObl 2udpoazpeeama uiu
6pemsl be30nacHoll IKCNIyamayuu 00 HeoOXo0UMO20 peMOHmA.

Ilposedennvie UCCIEO06AHUS  NOKA3BIBAION HEOOCMAMKU  CYUECMBYIOUUX  OUASHOCTIUYECKUX —CUCTeM
2uopoazpe2amog ¢ MoyKU 3PeHUsl OYEHKU pecypca U NIAHUPOSAHUS DEMOHINO0S, A MAKiCe NO3GONAIOM ONpedeumn
npuopumemHble HANPAGIEHUS UX PA3GUMUSL HA OIUNCAUULYIO NEPCTIEKMUBY.

KuaroueBsble ciioBa: duacnocmuka, mpewuna, cUuopomypouna, pecypc, paboyee Koneco.
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E.V. GEORGIEVSKAYA

THE POSSIBILITIES AND SHORTCOMINGS OF MODERN DIAGNOSTIC
SYSTEMS FOR HYDRAULIC UNITS

Abstract. It is traditionally believed that the main indicators determining the reliability of hydraulic units are
vibration parameters. This is the basis of the monitoring principles for hydraulic units as reflected in the industry
regulatory documentation.

Currently, in Russia, diagnostic systems perform mainly the role of warning and alarm systems and are not
used to predict changes in the technical condition of the system, lifetime assessment or repair planning. As practice
shows, the majority of modern diagnostic systems does not allow to detect macro—cracks in the main elements of
hydraulic unit not only at an early stage of their development, but even at a sufficiently large size.

The article presents the results of studying the behavior of the dynamic system "runner — shaft — support
bearings" under the actual operation conditions of a large vertical Francis hydraulic unit. Special attention is paid to
the effect of cracks on the vibration parameters controlled by diagnostic systems.

It is shown that due to the high rigidity of the structure, the appearance and growth of cracks in turbine
elements weakly affects the frequencies and amplitudes of the recorded oscillations. In addition, there are components
in the spectrum of dynamic stresses of the considered system that do not cause a reaction on the unit supports. This
means that the existing diagnostic systems do not allow detecting cracks and, accordingly, do not allow to correctly
estimating the lifetime of the hydraulic unit or the time of safe operation before the necessary repairs.

The studies show not only the shortcomings of the existing diagnostic systems for hydraulic units in terms of
lifetime assessment and repair planning, but allow determining the priority directions of their development in the near
Sfuture.

Keywords: diagnostics, crack, hydraulic turbine, lifetime, runner.
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M.B. 3BAMOPEHOB, JI.B. 3AMOPEHOBA

AIIPOBAIIUA METOJA MOJAEJMPOBAHUSA PETEHUPUPYIOIINX
CUCTEM HA IPUMEPE MOJAEJIUPOBAHUA ITPOLHECCA
®YHKIIMOHUPOBAHUS OJJHOKOMIIOHEHTHON CUCTEMBI
C YYETOM KAJIEHIAPHOM MPO®PUTAKTUKH

AHHOTAaIMA. B Oawnoii cmamve npogooumcs anpobayus paspaboOmMaHHO20  ABMOPAMU  MEmood
MOOENUPOBAHUSL PE2eHePUPYIOWUX CUCHEM ¢ 0bwuM (hazo8biM NpOCMPAHCMEOM COCMOSHUL NYMEM CPAGHEeHUs.
pe3yibmamos  (azo8020 YKpYRHEHUs, COEIAHHO20 NPeONa2aeMblM MemMOOOM U KIACCUHECKUM, U3BECMHbIM U3
aumepamypwl. Paccmampusaemes npoyecc ¢hyynkyuonuposanust 00HOKOMROHEHMHOL CUCMEMbL C YUEMOM KAAEHOAPHOU
npogpunakmuku. Ilpusooumcs meopema o0 QYHKYUAX pacnpeoeienus pemeHu npebvleaHus 8 HOOMHOICECHEe
HenpepvisHbiX cocmoanull. Onpedensaiomcs QyHKyuu pacnpeoeieHus CRyYauHblX GeluduH — 8pemeH npedbleaHus
VKDYRHEHHOU CUcmembl 6 COCHOSHUAX, 6EPOAMHOCMU Nepexo008 Makou CUCmeMbl, d MakKice CMmayuoHapHoe
pacnpedenenue 61odcenHou yenu Mapxosa. [Iposodumcs cpaeHeHue ROLYUEHHBIX BbIPANCEHUL C U3BECMIHbLIMU U3
JUMEPAmypbl, NOAYUEHHLIMU KIACCULECKUM MemoOOoM, MpeOyIowUM peweHus UHMeSPAIbHbIX YPAGHeHUll U
NOCNeOYIoue20 nepexood om Cucmemvl ¢ 0ouwum azoebim NPOCMPAHCMEOM COCMOSIHUL K CUCTEME ¢ OUCKPEMHbIMU
COCMOSTHUSIMU € UCNONIb308AHUEM AN2OPUMMA PA308020 YKPYNHEHUSL.

KaioueBble cl10Ba: noayMapko6cKkas cucmema, CmayuoHaproe pacnpeoeietue, KaieHOapHas npoQuiakmuxa,
pezenepupyiowas cucmema.

Hccnedosanusa evinonnensl npu noooepiricke zpauwma Poccuiickozo ¢ponoa pynoamenmanvroix
uccneoosanuii Ne 19-01-00704.
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M.V. ZAMORYONOV, D.V. ZAMORYONOVA

APPROBATION OF THE METHOD OF MODELING REGENERATING
SYSTEMS ON THE EXAMPLE OF MODELING THE PROCESS
OF FUNCTIONING OF A SINGLE COMPONENT SYSTEM WITH REGARD
TO CALENDAR PREVENTION

Abstract. In this article, an approbation of the method developed by the authors for modeling regenerating
systems with a common phase space of states is carried out by comparing the results of phase enlargement made by the
proposed method and the classical one known from the literature. The process of functioning of a single—component
system is considered, taking into account calendar prophylaxis. A theorem on the distribution functions of the residence
time in a subset of continuous states is given. The distribution functions of random variables — the residence times of
the enlarged system in states, the transition probabilities of such a system, and the stationary distribution of a nested
Markov chain are determined. The obtained expressions are compared with those known from the literature, obtained
by the classical method, which require solving integral equations and the subsequent transition from a system with a
common phase space of states to a system with discrete states using the phase enlargement algorithm.

Keywords: semi—Markov system, stationary distribution, calendar prophylaxis, regenerating system.
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AJII)TEPHATI/IBHI)!I?'I BAPUAHT UCITIOJIHEHUA
IMPOTOYHOU YACTHU I'IH 22600-87

AnHoTammsi. Paccmompens 06a eapuanma ucnoiHeHus npomoyHOU Hacmu HA 3A0aHHble NApamempuvl ¢
PA3IUYHOU YacCmomou paujenust 0isi cyujecmsyiouwel cghpepureckotl HanopHot kamepul. Tuxoxoouwiil eapuanm I, =289
umeem paboyee KOJieco U JIONAMOYHbII HANPAGIAOWULL annapam, a dvlcmpoxooruiil 11, =385 umeem pabouee koneco u
PA3SPYACEHHYIO CRUPATbHYIO Kamepy. Beinonnennvie pesyromamol 2uOpoOUHAMUYECKO20 pacHema NOKA3blEalom

cywecmeenHoe CHUdICenue 2UOPagIULeckux nomepb no ObICMpOXOOHOMY 6APUAHMY.
KnaroueBble ciioBa: pabouee Koneco, Hanpagiaowui annapam, ObICHMPOXOOHOCHb,  Pe3Yabmambl
2UOPOOUHAMUYECKO20 pactemd.
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ALTERNATIVE VARIANT OF THE DESIGN OF THE FLOW PART
OF THE MAIN CIRCULATION PUMP 22600-87
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Abstract. Two variants of the design the flow part with different rotation speed of impeller for existing
spherical pressure chamber is presented. Low specific speed variant, ns = 289, has the impeller and diffuser vanes,
high specific speed variant, ns = 385, has impeller and unloaded volute. Results of the hydrodynamic calculation show
essential decrease hydraulic losses for high specific speed variant.

Keywords: impeller, diffusor vanes, specific speed, results of the hydrodynamic calculation.

BIBLIOGRAPHY

1. Jarkovskun A.A. Morozov M.P., Shymilin S.A. Matematicheskie modeli rabochih protsessov lopastnyh
gidromashin. Avtomatizirovannoe proektirovanie 1 otsenka energokavitatsionnyh pokazateler lopastnyh sistem. SPb.
Izdatelstvo SPbGPY,2002 g 47 s

2. Nasosy AES Spravochnoe posobie pod redaktsier P.N.Paka Energoatomizdat, 1989 g, 328 s.

3. Kazantsev R.P. Konstryktsu protochnyh chaster glavnyh tsirkylhatsionnyh nasosov (GTsN) dhia
energeticheskih blokov AES. Trydy mejdynarodno1 n—t konferentsu, SPb, Izdatelstvo SPbGPY, 2006 g. S.108—11

4. Patent na polezny1y model Ne 184436 ot 25.10.2018 Avtory: Kalaev V.A., Ivanov E.A.,Shymilin S.A.

Ivanov Evgeniy Alexandrovich Kalaev Vladimir Anatolievich Shumilin Sergei Alexandrovich

OAO «NPO CKTI» OAO «NPO CKTI» OAO «NPO CKTI»

191167, Russia, St. Petersburg, 191167, Russia, St. Petersburg, 191167, Russia, St. Petersburg,

Atamanskaia, 3/6. Atamanskaia, 3/6. Atamanskaia, 3/6.

Tel.: +7(965)087-60-96 Tel.: +7(981)702-87-94 Tel.: +7(911)242-21-29

E—mail: 20evgeniy08@mail.ru E-mail: kalaevVA@ckti.ru E—mail: shumilinSA@ckti.ru
VJIK 621.65
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PACUETHOE UCCJIEJJOBAHUE JIOIMTACTHOMN CUCTEMBI
TYPBOHACOCHOTI'O ATPEI'ATA KP/I 170

AHHOTanMs1. Buinoinen nposepounvlii 2uOpOOUHAMUYECKUU paciem NPOMOYHOU uacmu mypOOHACOCHO20
azpezama, Cocmoswezo U3 HAcoCcos oKucaumens u eopiouezo. Ilpomounas uacme yenmpobexicnozo macoca ¢
NPEOSKIIOUEHHBIM OCE8bIM KOLECOM DPACCMOMPEHA 8 08yX eapuanmax ucnoinenus. Ilokazano npeumyuwecmeo
nPOMOYHOU yacmu ¢ paboyumM KOLecoM O8YCMOPOHHE20 6X00d N0 KAGUMAYUOHHLIM —NOKA3AMEeNsmMu U
KOHCMPYKMUSHBIMU 0COOEHHOCTNSMU.

KawueBble cioBa: pabouee Koreco, ObICMPOXOOHOCHb, NPEOSKIIOUEHHOE —KONECO,  Pe3Vibimanmbl
2UOPOOUHAMUYECKO20 PACHemd, KASUMAYUOHHBIN KO3pduyuenm 6bicmpoxooHoCcmit.
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E.A.IVANOV, V.A. KALAEV, S.A. SHUMILIN

IMPROVEMENT OF EFFICIENCY AND CAVITATION PROPERTIES
OF TURBINE-DRIVEN PUMPS FOR LIQUID-PROPELLANT ENGINE



Abstract. Checking fluid dynamic calculation of turbine—driven pump unit, consisting of oxidizer and fuel
pumps was carried out. Two version of centrifugal pump with axial inducer were considered. Is is shown that impeller
with double—suction is preferable from the point of view cavitation properties and structural features.

Keywords: impeller, specific speed, inducer, fluid dynamic calculation results, cavitation specific speed.
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B.C. UTHATOBHY, A.B. KY3bMIHA

OCHOBHBIE PUCKH BOSHUKHOBEHUS ABAPUMHBIX CUTY AU
HA INTABYYHUX BYPOBbBIX YCTAHOBKAX
N MEPOITPUATHSA 110 UX CHUKEHUIO

AHHOTaUMs1. B cmamve GblNOIHEH aHAIU3 OCHOBHBIX NPUYUH, GbI3bISAIOWUX AGAPUTIHbIE CUMYAYUYU NIABYHUX
OYPOBLIX YCMAHOBOK U MOPCKUX CIAYUOHAPHBIX niampopm. Pezyromamel pacuéma konuuecmeeHHOU OYeHKu pucka
(uHOUBUOYaNbHBIU PUCK) npedcmasiiensl 8 ude Kpy2oeol ouazpammel. Ilpoananuzuposansl asapuiinvle cumyayuu, ux
pe3yiemamul, a maxace nospesicoerus IBY noo oelicmeuem paziuunvix paxmopos, C813aHHbIX ¢ NPOEKMUPOBAHUEM,
CMPOUMENbCNEOM U IKCIIyaAmayuel SMux COOpyiceHull 8 npoyecce pazeeoxku u 000viuu Hegpmu u 2asa. BviOenenwvl
MpU  OCHOGHbIE MUNA NPUYUH, BbI3LIBAIOWUX BO3HUKHOBEHUSL DPUCKOS HAPYULEHUS HAOENCHOCMU, NPOYHOCMU U
akonoeuyeckoll bezonachocmu I1BY: enewnue nospesicoenus I1BY 6 pesynomame ux cmonikHogeHus: ¢ cyoamu, asapuil
6epmonémos u ux naoenusi Ha nanyoy IIBY, necobniooenue mpebosanuil 6e30nacHou OYKCUPOBKU, MOHMANCA
CMAYUOHAPHBIX NAAM@POPM 6 MOpe; B03MONCHOE OMKpbIMOoe (DOHMAHUPOBAHUE CKBANCUHBI, BOCHIAMEHEHUE
asaputino2o onmana, HedOCMamoyHoe Ka4yecmseo NPOEKMUpPOBaHusl, MeXHOIOSUU NOCMPOUKU U OONANCHO20 YPOBHS
KOHMPOAS, COCMOSHUAL KOHCMPYKYULL 8 pA3IUyHblX pexcumax sxkcnayamayuu. OOHOU U3 21A6HbIX NPUUUH HAPYUEHUS
mpebosanull IKCHAyamayuu seisemcs uenogeveckutl gaxmop. Ilpednoosicen cucmemuvill nooxo0 011 6onee
ahpexmueno2o  usyueHus: NPOYHOCMU,  HAOEICHOCMU U IKOLO2UYECKOU  OE30nACHOCMU  COOPYICEHUI,
obecneuusarOwull 603MOJNCHOCHb BbIGIEHUS. CLADBIX NEMEHMO8 U V3108 6 KOHCMPYKYUU U npedomepaujenue ux
paspywenusi. [Ipednosicenvt makace OCHOGHbIE MEPORPUSIMUSL NO CHUICEHUIO B803MOJICHBIX PUCKOE BO3HUKHOBEHUS
asaputinwbix cumyayuti na IIBY. Haubonee axcnvim si81semcsi onpedeienue Cmeneny 0meemcneeHHOCmuy u 0eticmeust
NEPCOHANA 6 HEWMAMHbIX, ABAPULHBIX CUMYAYUSX, HEeO0OXOOUMOCHb NOBbIUEHUS KAYecmea NpopeccuoHanbHo
Nn0020MOBKU 0OCIYHCUBAIOUIE20 NEPCOHANA U 0becneyeHle CMPO2o20 cOONI00eHUs NPOU3BOOCNBEHHOU OUCYUNTUHBL NPU
8cex IKCNIYamayUOHHbIX PEHCUMAX.

KaioueBsble ciioBa: niasyyas 6yposas ycmanoska, nogpesicoenue, npoiHOCny, IKOI0SUYECKdst 6e30nACHOCb.
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V.S. IGNATOVICH, A.V. KUZMINA

MAJOR RISKS OF EMERGENCY SITUATIONS IN FLOAT DRILLING
INSTALLATIONS AND ACTIONS TO REDUCE THEM

Abstract. The article analyzes the main causes of emergency situations of floating drilling rigs and fixed
offshore platforms. The results of the calculation of quantitative risk assessment (individual risk) are presented in the
form of a pie chart. Analyzed the emergency situations, their results, as well as damage to the PBU under the influence
of various factors associated with the design, construction and operation of these facilities in the process of exploration
and production of oil and gas. There are three main types of causes that cause risks of compromising reliability,
durability and environmental safety during the operation of the PBU: external damage to the PBU as a result of their
collision with vessels, accidents of helicopters and their fall on the deck of the PBU, non—compliance with the
requirements of safe towing, installation of fixed platforms at sea; possible open well flow, ignition of the emergency
fountain; insufficient quality of design, technology of construction and an adequate level of control of the state of
structures in various modes of operation. One of the main reasons for the violation of the requirements of exploitation
is the human factor. A systematic approach for more effective study of the strength, reliability and environmental safety
of structures, providing the ability to identify weak elements and components in the structure and prevent their
destruction, is proposed. Also proposed are the main measures to reduce the possible risks of emergency situations at
SPBU. The most important is to determine the degree of responsibility and actions of personnel in non—standard,
emergency situations, the need to improve the quality of professional training of staff serving and ensure strict
observance of production discipline under all operating conditions.

Keywords: floating drilling rig, damage, durability, environmental safety.
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M.A. KOJIECOBA, II.A. BYT'AEB, A.M. I1IOJIZIKOB, 1.0. KOILIEBAI

MYJbTUBAPUAHTBIE JIBII-MIOJIUHOMbBI U TOMOTOIUS PEIIEHUA
CUCTEMBI IOJIMHOMUWAJIBHBIX YPABHEHUI

AHHOTAIMS. Yacmuuim cnyuaem HeMUHEUHBIX YPAGHEHUUl  AGNAIOMCA  NOJUHOMUATbHLIE  YPAGHEHUS,
aneopummsl peuieHus KOmopulx 0060CHO8aAHbL U UCCAed08anbl Hauboaee noopobuo. Tem ne menee, obuuii NOOX00 K
PpeuwieHuio maxKux ypagHeHull u cucmem, KOMopuli Moz Obl CUHUMAMbCA YHUBEPCANbHLIM OISl peuleHUs 6onbuUHCmed
nPaKmuyecKux 3a0ay 00 HACMOAUe20 spemMeHy He paspaboman. Imo aenaemcs no6yOumenbHblM MOMUBOM K NOUCKY
HOBbIX AN2OPUMMO8, A0ANMUPOSAHHYIX, KAK MUHUMYM, OISl peuieHuss munogulx npukiaouelx saoay. Hdannas paboma
nocesaujena pazeumuio 0OOCHO8AHHO20 HAMU paHee Memood peuleHus Cucmem HOIUHOMUANIbHBIX YPAGHEHUl ¢
BeUeCMBEHHBIMU KO3 PUYUEeHMAaMU, OMHOCAWe20Cs K cemelicmey Memodog aazepposckoeo muna. Ilokazano, umo
amom memoo 6au30K no opme K Memody 20MOMONUU, KOMOpwlll, Hanpumep, 3@gexmueern npu peweHuu 3a0ay
onmumuzayuu HeguInYKIbix @yHkyuil.  Eeo apghexmusnocmv u npeumywecmea no CpAGHEHUI0 ¢ U3BECHIHbIMIUL
Memooamu npoOeMOHCIMPUPOBAHA HA NpuMepe UCCAe008aAHUS MAMEeMAMUYEeCKUX Mooenell pealbHblX 00beKmos u
cucmen.

KnroueBble ciioBa: nosunomuanvhoe ypasHeHue, cucmema nOAUHOMUATLHBIX YPAGHEHUN C 6eujecTn8eHHbIMU
Koapduyuenmamu, memoo Hviomona, memoo comomonuu, cemeiicmeo Memooos 1a2epposcKo2o mund.

/Jlannas paboma 6vInoIHEHA 6 COOMEEMCHMEUU C RPOZPAMMOIL padbom no npoexmy «Moodepuuzayus,
HAcCMpoUuKa u NOO020MOBKA K HAMYPHLIM UCHBIMAHUAM ONBIMHOZ0 00pA3UA AKMUEHO20 MPAHCHEMOPATILHOZO0
npomesqa ¢ UHMENIEKMYAIbHO—CUHEPZEMUYECKOU CUCIEMOTl YRPAGIeHUA) 8 pAMKax eHympeHHezo cpanma PI'AO
BO “Cesacmononvckuii 2ocyoapcmeennslit yHugepcumemy.
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M.A. KOLESOVA, P.A. BYGAYOV, A.M. POLIAKOV, D.O. KOSHEVAYA

MULTI-VARIANT LRP-POLYNOMIALS AND HOMOTOPY
OF SOLUTIONS OF POLYNOMIAL EQUATIONS SYSTEM

Abstract. A particular case of nonlinear equations are polynomial equations, the algorithms for solving which

are justified and investigated in the most detail. However, a general approach to solving such equations and their
systems that could be considered universal for solving most practical problems has not yet been developed. This is an
incentive to search for new algorithms, adapted, at least, to solve typical applied problems. This paper is devoted to the
development of a method for the solving of polynomial equations systems with real coefficients that we have previously
established, which relates to a family of Lagerr type methods. It is shown that this method is close in form to the method
of homotopy, which, for example, is effective in solving problems of optimization of nonconvex functions. Its efficiency
and advantages in comparison with the known methods are demonstrated on the example of the study of mathematical
models of real objects and processes.

Keywords: polynomial equation, polynomial equations system with real coefficients, Newton method, method
of homotopy, family of Lagerr type methods.
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Annomauyusn. Paccmampusaemcsi 60npoc OnpeoeieHus ONMUMANIbHO20 YUCLA MHO2OKPAMHBIX UMepeHUll
UCxX00s U3 8UOA NJIOMHOCIU PACIPedeNeHUsl NOSPeUWHOCIU cpedcmea usmeperus. Ilpueooumces oyeHka 603MOHCHOCIU
UCHONBb308AHUSL NOIUHOMUATILHOU ANNPOKCUMAYUY NPU aHATU3e OUphepenyuanrvhol SHMPONUY CIyYaiHOU 6eIUYUNb,
COCPeOOmMOUEHHOU HA KOHEYHOM uHmepeane. Paccmompenvl 0epanuyenuss no UCHOIb308AHUIO NOTUHOMOS PA3TUYHBIX
cmenenetl, NOIYYeHHbIX npu paziodxceHuu @yukyuu 6 psio Teiinopa, npu nposedeHuu annpoxcuMayul, Gbl36aHHble
HEOOCMAmMoOyHOU MOYHOCMbI0  paciuemos. Ilokasano, umo B03MOJCHOCMU UCNONbL308AHUE NOIUHOMUATLHOU
annpokcumMayuyu npu amaiuze Oup@epenyuanvoHol SHMPOnUY CIyYaiHbIX 6eIUYUH, COCPEOOMOYEHHBIX HA KOHEYHbIX
UHMEPBANAX CUNBHO O2panuyeHibl. [Ipusedenvl pezynbmamsl MOOETUPOBAHUS, NO3EONAIOUUE OYEHUMb NPAGUTLHOCHIb
COCNLAHHBIX 8bI60008.

Knrouesvie cnosa: ougpgepenyuanvhas sHmponus, NOGblUieHUe MOYHOCMU UBMEPEeHUll, NOJUHOMUATbHAS
AnnpoKcUMayust, CIy4atuHas 6eIUduna.

Hccneoosanue evinonneno npu punancoeoii noooepiicxke PODH u zopooa Cesacmononv 6 pamxax
Hayunozo npoexma Nel8—48-920014.
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V.Ya. KOPP, A.I. BALAKIN, N.A. BALAKINA

THE POSSIBILITY OF USING POLYNOMIAL APPROXIMATION
IN THE ANALYSIS OF DIFFERENTIAL ENTROPY OF RANDOM
VARIABLES CONCENTRATED ON A FINITE INTERVAL

Abstract. The question of determining the optimal number of multiple measurements based on the form of the
density distribution of the error of the measuring instrument is considered. The possibility of using polynomial
approximation in the analysis of differential entropy of a random variable concentrated on a finite interval is estimated.
The limitations on the use of polynomials of various degrees, obtained by decomposing a function in a Taylor series,
during approximation, caused by insufficient accuracy of calculations are considered. It is shown that the possibilities
of using polynomial approximation in the analysis of the differential entropy of random variables concentrated at finite
intervals are very limited. The results of modeling are given, allowing to estimate the correctness of the conclusions.

Keywords: differential entropy, increase of measurement accuracy, polynomial approximation, random
variable.

BIBLIOGRAPHY

1. RMG 64-2003 «GSI. Obespecheniye effektivnosti pri upravlenii tekhnologicheskimi protsessami. Metody i
sposoby povysheniya tochnosti izmereniy »

2. Novitskiy P.V. Osnovy teorii teorii izmeritelnykh ustroystv /P.V. Novitskiy. — L.: Energiya, 1968. — 248 s.

3. Novitskiy, P.V. Otsenka pogreshnostey rezultatov izmereniy / P.V. Novitskiy, I.A. Zograf. — 2—ye izd.,
Pererab. i dop. — L.: Energoatomizdat. Leningr. otd—napravleniye, 1991.

4. Kopp V.YA. Opredeleniye granichnoy otsenki chisla mnogokratnykh dvukhparametricheskikh izmereniy na
osnove analiza differentsialnoy entropii / V.YA. Kopp, A.L. Balakin, O.V. Filippovichi i dr. / Vestnik SevNTU Ne §3. —
Sevastopol, 2007. — S.168-171.

5. Kopp V.YA. Informatsionnyy analiz diapazonov izmereniy / V.YA. Kopp, A.A. Skidan, V.M. Sharapov i
dr. // Optimizatsiya proizvodstvennykh protsessov: Sb. nauch. tr. Vyp.10. — Sevastopol: Izd—vo SevNTU, 2007. — S.
196 — 199

6. Kopp V.YA. Analiz differentsialnoy entropii pri tekhnicheskikh izmereniyakh v Mashino priborostroyenii /
V.YA. Kopp, A.A. Skidan, A.l. Balakin, O.V. Filipovich / "Trudy Odesskogo politekhnicheskogo universiteta"
nauchnyy i proizvodstvenno—prakticheskiy sbornik po tekhnicheskim i yestestvennym naukam — vypusk 1 (27) Odessa
2007.-S.214-218.

7. Kopp V.YA., Skidan A.A., Vasyutenko A.P. Optimalnaya otsenka chisla izmereniy pribornykh sistem //
Vestnik SevNTU. Vyp. 36: Avtomatizatsiya protsessov i upravleniye: Sb. nauch. tr. — Sevastopol, 2002. — S. 75 — 80

8. Kopp V.YA. Ispolzovaniye printsipa maksimuma entropii pri otsenke trebuyemogo chisla izmereniy dlya
pribornykh sistem / V.YA. Kopp, A.l. Balakin, Ye.A. Chuyko, M.V. Zamoronov // Tekhnologicheskiye kompleksy:
nauchnyy zhurnal. — Lutsk, 2013. — Ne2 (28). — S.52 — 58.

Ne 4-2 (336) 2019 15




Cexkuus «TexHOJOrUM 1 HHCTPYMEHTBID»

9. Dzheyns E.T. O logicheskom obosnovanii metodov izmereniya entropii / E.T. Dzheyns // Trudy instituta
inzhenerov po elektrotekhnike i elektronike, t. 70, Ne9, 1982, s. 33-51.

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

11. Venttsel Ye.S. Teoriya veroyatnostey i yeye inzhenernyye prilozheniya / Venttsel Ye.S., L.A. Ovcharov. —
M.: Nauka, 1988.— 480s.

12. Vostroknutov N.G. Informatsionno — izmeritelnaya tekhnika / N.G. Vostroknutov, N.N. Yevtikhiyev. — M.:
Vyssh. shk., 1977.— 232s.

13.Kempinskiy M.M. Tochnost i nadezhnost
Mashinostroyeniye, 1972.— 264s.

14. Korotkov V.P. Osnovy metrologii i tochnosti izmereniy priborov / V.P.Korotkov, B.A. Tayts. — M.: Izd—vo
mashinostroitelnoy literatury, 1961.— 400s.

15. Mokrov YU.V. Metrologiya, standartizatsiya, sertifikatsiya. [Ucheb. posob.] Mokrov YU.V. — Dubna,
2007. — 132s.

16. Nazarov N.G. Metrologiya. Osnovnyye ponyatiya i matematicheskiye modeli / Nazarov N.G. — M.:
«Vysshaya shkola», 2002. — 318s.

17. Ornatskiy P.P. Teoreticheskiye osnovy informatsionno—izmeritelnoy tekhniki / Ornatskiy P.P. — K.:
Vishcha shkola, 1983.— 455s.

18. Polishko S.P. Tochnost sredstv izmereniy / S.P. Polishko, A.D. Turbenok. — K.: Vishcha shkola, 1988.—

izmeritelnykh priborov / Kempinskiy M.M. — L.

149s.

19. Rudzit YA.A. Osnovy metrologii, tochnost i nadezhnost v priborostroyenii / YA.A. Rudzit, V.N. Plutalov.
— M.: Mashinostroyeniye, 1990.— 304s.

20. Surikova Ye.I. Pogreshnosti priborov i izmereniy / Surikova Ye.l. — L. Izd—vo Leningr. un—ta, 1975.— 160s.

21. Kopp V.YA. Analiz primenimosti kompozitsionnogo zakona pri izmereniyakh v mashino—pribrostroyenii /
V.YA. Kopp, A.L. Balakin // Fundamentalnyye i prikladnyye problemy tekhniki i tekhnologii, 2017. — Ne 41 (324). —
S. 23-36.

22. Kopp V.YA. Analiz maksimalnoy differentsialnoy entropii i dispersii kompozitsii sluchaynykh velichin,
sosredotochennykh na konechnykh intervalakh / V.YA. Kopp, A.l. Balakin // Fundamentalnyye i prikladnyye problemy
tekhniki i tekhnologii, 2018. — Ne 4-2 (330). — S. 9-18.

Kopp Vadim Yakovlevich
FSAEI of HE «Sevastopol State
University», Sevastopol

Doctor of Technical Sciences,
Professor, Professor of the
Department "Instrument Systems and
Automation of Technological
Processes" of Sevastopol State
University

299053, Sevastopol, st. University,
33

Ph. 55-00-77

E-mail: v_kopp@mail.ru

VJIK 621.7

Balakin Alexey Igorevich

FSAEI of HE «Sevastopol State
University», Sevastopol

Candidate of Technical Sciences,
Associate Professor, Associate
Professor of the Department
"Instrument Systems and Automation
of Technological Processes" of the
Sevastopol State University

299053, Sevastopol, st. University, 33
Ph. 55-00-77

E-mail: AlBalakin@sevsu.ru

B.1IO. TJABPMHEHKO

Balakina Natalia Anatolyevna
FSAEI of HE «Sevastopol State
University», Sevastopol

Assistant of the Department
"Instrument Systems and
Automation of Technological
Processes" of the Sevastopol State
University

299053, Sevastopol, st. University,
33

Ph. 55-00-77

E—mail: NABalakina@sevsu.ru

YUCJITEHHOE MOAEJIUPOBAHUE ITPOLECCA YIAPA
IIPU JE®@OPMHUPOBAHHUHU 3AT'OTOBOK HA MOJIOTAX

AuHoTanuMsl. Paspabomana mMemoouka YucieHHo20 MOOCIUPOSAHUs Npoyecca yOoapd npu 0cdoke 3a20Mmo6oK
HA MOLOMAX ¢ NOMOWBIO NAKEMA RPUKIAOHBIX Npopamm «unamurxa—2» u npoepammsl pacuema npoyecca yoapa 8
BEPHUCMBIX CPedax. YCmAaHoG1eHo CYuecmeeHHoe yeeauueHue nPpoooINCUMebHOCMU HAZPY304HOU paszel yoapa u
deghopmayuu 3a20MOB0K, CHUICEHUE CUTbL 0eOPMUPOSAHUS U YeeaudeHUe pabombl NIACMUYEcKol depopmayuu npu
ocadke 3a20mo080K 0abOOU MONOMA C HANOJIHUMENEM HO CPAGHEHUIO C O0CAOKOU Cmanoapmuou 6aboi moioma.
Ommeuena 8biCoKAas CXOOUMOCTb PE3YIbIMAMO8 YUCIEHHO20 PACYEmA ¢ IKCHEPUMEHMATbHLLMU OAHHBIMU.

KaioueBsie cinoBa: yoaproe deghopmuposanue, yuciennoe u KOMNbIOmMepHoe Mooeauposanue, 6aba moroma.
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V.Yu. LAVRINENKO

NUMERICAL SIUMULATION OF IMPACT DURING HAMMER FORGING

Abstract. The methodic of numerical simulation of impact during upsetting on hammer by application of
«Dynamika—2» software and special software of simulation of impact is developed. The increasing of impact time and
deformation of the blanks, decreasing of impact load and increasing of plastic work by using of hammer ram with fillet
are obtained. High convergence of results of numerical simulation and experimental data is noted.

Keywords: impact deformation, numerical and computer simulation, ram of hammer.
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VIK 617.3
N.A. MEIIUXHWH, M.H. MBbICJIMBEL], /I.C. bOGPOB, A.B. JIbIHAT'H, C.C. 'TABPIOIIINH

METOJIUKA HE UHBA3UBHOM OLIEHKH COCTOSIHUA KOJEHHOT'O
CYCTABA HA OCHOBE CYPPOI'ATHOU MOJAEJIN

AHHOTAUUSL. Paccmompena  pacuemo—oKCNEPUMEHMANbHASL —~ MeMOOUKA — OYEHKU  HCeCMKOCHHbIX
Xapaxmepucmuxk Ces304H020 annapama KoieHHozo cycmasa. Ilpednazaemvlii nooxod npeononazaem nepeutHoe
OKCHEPUMEHMANIbHOE UCCIeO08AHUSL HCECMKOCMU HAOKOJICHHUKA 6 PA3IUYHbIX HANpaeieHusx. [annas ungopmayus
CAYIHCUM  UCXOOHBIMU OAHHBIMU OJid NOCAEOVIOUe20 KOHEYHO JNIeMEHMHO20 MOOeNUpo8aHus 01 Onpedenerus
JHCECMKOCMU OCHOBHBIX DNIEMEHMO8 CEA304H020 annapama Koienno2o cycmasa. Ilpednazaemvix nodxod no3eonsem
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8bIPA3UMb KPUMEPUL NAMONIO2ULL KOTEHHO20 CYCMABA 8 MEPMUHAX HCECTNKOCMU HAOKONEHHUKA, UMePeHUsT KOMOPbIX
00CMYNnHO He UHBA3U8HO U be3 dopozocmosiyezo MPT uccredosanus.
KaioueBble c10Ba: KoieHHblIL CYCMAs;, MAMeMAmuyeckds MoOeib, Memoo KOHEYHbIX INEMEHMO8.
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[.A. MESHCHIKHIN, M.N. MYSLIVETS, D.S. BOBROV, A.B. LYCHAGIN, S.S. GAVRYUSHIN

TECHNIQUE NON-INVASIVE ASSESSMENT OF THE KNEE JOINT
BASED ON A SURROGATE MODEL

Abstract. Consideration of the experimental design method for assessing the stiffness characteristics of the
ligaments of the knee joint. The proposed approach involves the initial experimental study of the stiffness of the patella
in various directions. This information uses baseline data for subsequent finite element modeling to determine the basic
properties of the knee apparatus. The proposed approaches allow us to express the criteria for the pathology of the
knee joints in terms of the stiffness of the patella, the measurements of which are not invasively available and without
expensive MRI examinations.

Keywords: knee—joint; mathematical model; finite element method.
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N.H. MOPEBA, E.B. XPOMOB

OINIPEAEJIEHUE KOOPPUIIUEHTOB BOJIHOBOI'O
JAEMII®OUPOBAHUS METOJ0OM CBOBOJIHBIX
SATYXAIOIINX KOJIEBAHUU

AHHOTANMSA. BblnoiHeHbl SKCNePUMEHMAanbHble UCCIe008AHUA Oid ONPeOesieHUs KOIQ@UYUEHMO8 BOIHOB020
OemMn@uposarus 8 ONbIMOBOM 80IHOBOM bacceline MenoooM C80000HbIX 3AMYXArOUUX KOAeOAHUIL.

KaroueBble clIOBa:  nonynoepysicHvle  MOpcKue — naamgopmel,  Kod@@uyuenmol  0eMn@uposarus,
IKCNEPUMEHMANbHAS MOOETb, ONbIMOBLIU O6ACCENH, IKCNEPUMEHMANbHbIE UCCTEO0B8ANUSL.
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LN. MOREVA, E.V. KHROMOV

DETERMINATION OF COEFFICIENTS OF WAVE DAMPING
BY METHOD FREE DAMPED OSCILLATIONS

Abstract. Pilot studies for determination of coefficients of wave damping in the model testing wave basin are
executed by method of free damped oscillations.

Keywords: semisubmersible sea platforms, damping coefficients, experimental model, model testing basin,
pilot studies.
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K.H. OCHUIIOB

AJJAITUBHBIA AJITOPUTM OIIEHKA U3MEPUTEJBHOM _
NH®OPMAIIMU B XOAE ITPOU3BOACTBEHHbBIX UCIIBITAHUHU

AnHOTauus. [Ipeonacaemcs adanmugHblil ANCOPUMM OYEHKU USMEPUMETLHOU UHGOpMAyUU NOoay4aemol 8
X00€e npou3Bo0CMBEHHbIX (KOHMPOTIbHBIX U NPUEMOCOAMOUHBIX) UCHBIMAHUL KOHCIMPYKMUBHO CONCHBIX MEXHUYECKUX
uzoenuti, pabomarowuli 60 BPEMEHHOU 00ACMU U OCHOBAHHLIU HA MUHUMUZAUUU UHOOPMAYUOHHO20 KpUMepus
(Ousepeenyuu) Kynvboaxa—Jleiionepa. Ilpednacaemviii  adanmueHvlili UHOOPMAYUOHHBIN ANOPUMM  OYEHUBAHUS
usMepeHuil 8 peaibHOM 6peMeHU UCRLIMAHULL 0aem 603MONCHOCHb ROJYUAMb COCMOSMENbHbIE U HECMEWEHHble OYEeHKU
napamempos, Xapaxkmepuzyiowux mexHuiecKkoe COCMoaHue u30eiull oajce 6 YCI08UAX, Ko20d OMCYMCmeyem
docmogepnasi anpuophdsi uHgopmayus o Oucnepcuu wyma 8 uzmepumenvHoM kKanane. Ha npumepe oyenxu
UMepumenbHoll  UHGoOpMayuy, NOIY4aemon 6 Xxo00e UCNbImaHuti Ogueamenell NOCMOSHHO20 MOKA, NOKA3AHO
npeuMywmecmeo npedidazaemozo aieopumma 6 CPAGHeHuu ¢ cyujecmeyrouwumu memodamu. Hzyuaemcs ckopocmo
CXO0UMOCIU  OYEHOK UBMEPUMENbHOU UHDOpMAYUY K UCMUHHBIM 3HAYEHUSAM, d MAKdce UX YCMOUdueocms K
NOSPEUHOCHIAM ORUCAHUSL DA3UCHOT (PYHKYUU.

KaioueBsle ciioBa: duaznocmuka, ucnvimanus, MoOeIUuposane, agmoMamu3upo8anHoe NPOU3600CMeEo.
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K.N. OSIPOV

THE ADAPTIVE ESTIMATION ALGORITHM OF MEASUREMENT
INFORMATION DURING PRODUCTION TESTING

Abstract. An adaptive algorithm for evaluation of measurement information obtained during production tests
of complex technical products, working in the time domain and based on the minimization of the information criterion
of the Kulbak—label, is proposed. The proposed adaptive information algorithm for estimation of measurements in real—
time tests makes it possible to obtain consistent and unbiased estimates of the parameters characterizing the technical
condition of the products even in conditions where there is no reliable a priori information about the noise dispersion
in the measuring channel. The advantage of the proposed algorithm in comparison with the existing methods is shown
by the example of evaluation of the measurement information obtained during the tests of DC motors. We study the rate
of convergence of the estimates of the measurement information to the true values, as well as their resistance to errors
in the description of the basis function.

Keywords: complex engineering products, multivariate analysis, diagnostic parameters, reliability of test
results.
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E.B. ITAIIIKOB, M.1. KAJIMHUH. N.C. ITAIIKOBA

IHOBBIINEHUE H3HOCOCTOﬁ}COCTI/I ITAPOBBLIX ITIOABUKHbBIX
COEAJUMHEHNMU DHAONPOTE30B

AnHotaums. Ha npumepax KOHCMPYKYuii 3HOONPOME308 MEICNO360HK08020 OUCKA U MA300e0peHH020
cyemasa 4enoseka NOKA3aHO CO30aHue C NOMOWbI0 YHpyeux 000104eK 6 8uoe NIOCKUX MEMOPAHHBIX KOPOOOK u
KOHUYECKUX CUTbOHO8 2epMemuyHo  3aKpblmbulX HoAOCmel 0Nl WaposbiX  NOOBUNCHLIX  COCOUHEHUN U
AHMUPDPUKYUOHHOU HCUOKOU OUONOSUYECKU UHEPMHOU CMA3KU HA OCHO8E CUHOBUATIbHOU JHCUOKOCMU U HAHOYACTUY
HemoOoupuyuposannoeo yenepooa (pyunepena). Ilpusedenvl pesyibmamol IKCHEPUMEHMANLHLIX UCCIEO08AHULL
pacmeopos  yinepena, NOKA3LIBAIOWUE BOZMONCHOCHb USMEHEHUsl 6A3KOCMU CMA3KU, cnocobcmeyloujell  ee
VOEPIUCAHUI0  HA  KOHMAKMUPYIOWUX NOBEPXHOCIMSAX UWIAPOBbIX COCOUHEHUl, d Cle008AMENbHO  YMEHbULEHUIO
K03 uyuenma mpenust u usHoca.

KawueBble ciioBa: suoonpomes, wapogoe coeduHeHue, ynpyeas — 00010YKa, MpeHue, U3HOC,
AHMUPDPUKYUOHHAST CMA3KA, CUHOBUATIbHASL HCUOKOCTD, QYILepeH.
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E.V. PASHKOV, M.I. KALININ. I.S. PASHKOVA

IMPROVEMENT OF WEAR RESISTANCE OF BALL MOBILE
CONNECTIONS OF ENDOPROTESIS

Abstract. By examples of designs of endoprostheses of the intervertebral disk and the hip joint of a person, it
was shown that elastic shells in the form of flat membrane boxes and conical bellows are hermetically sealed cavities
for spherical movable joints and antifriction liquid biologically inert lubricant based on synovial fluid and
nanoparticles of unmodified carbon (fullells and non—carbon carbon (fullelulellan nanoparticles). The results of
experimental studies of fullerene solutions are presented, showing the possibility of changing the viscosity of a
lubricant, contributing to its retention on the contacting surfaces of spherical joints, and therefore a decrease in the
coefficient of friction and wear.

Keywords: endoprosthesis, ball joint, elastic sheath, friction, wear, antifriction lubricant, synovial fluid,
Sfullerene.
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AM. ITIOJISIKOB, B.B. JIABAPEB, H.A. JIO3MHCKUH, I1.K. COIIMH, B.1. [TAXAJIIOK

OIITUMM3BALIUA UCIIBITATEJIBHOI'O CTEHJIA HA OCHOBE
MJIAT®OPMBbI CTIOAPTA JJIs1 OBECHEUEHUS YCJIOBUI
UCHBITAHUA MOJIYJEA TPAHC®EMOPAJBHBIX IPOTE30B

AHHOTauusi. Hcnwimamenvhvle CmeHObl, KOHCHpYUpyembvle HA OCHO8E MEXAHUBMO8 NAPAIeNbHOU
cmpykmypul muna naamgopmel Cmioapma, NO380JI0M Pearu306ams OOCMAMOYHO CIOICHbIE 3AKOHbI OBUNCEHUS
pabouezo opeana. OOHAKO UX OCHOSHble XAPAKMEPUCMUKU, mMaKue Kaxk pabouee NpOCMPAHCMBO, €20 00beM,
OOCMUICUMOCHIL U MAHUNYIAINUGHOCHD, CUTLHO 3A8UCAI O BHYMPEHHel CIPYKMYpbl (0COOeHHOCmEl pACNON0ICEHUs
WAPHUPO8 HOZ) U 3HAYEHUL KOHCMPYKMUBHBIX NApamempos. B ceazu ¢ smum npaxmuuecku HeB03MOICHO CO30amb
VHUBEPCANbHBIN UCNBIMAMENbHLII CMeHO Ha ochoge niaamgopmel Cmioapma, KOMopwvlil NO36011 Obl MOOEIUPOBAMb
WUPOKULL CHeKmp OBUIICEHUL UCTbIMYeMblX 00beKmos. B mo oice epems cmenenv yHugepcanbHocmu niamgopmul
6Ce20a MOJICHO NOBbICUMb, UCNONbL3YS KOHYENYUulo KOHCMPYKYUU, 8 KOmopou 6yoem obecneuena 603MOAICHOCb
ONEPAMUBHO20 U3MEHEHUsI KOHCIMPYKIMUGHBIX RAPAMempos & 0onycmumblx npedenax. Taxum obpazom moodicem Ovimb
obecneuena B03MONCHOCMb Peanu3ayuu Ha UCHBIMAMETbHOM CMEHOe MHONICECMBA CNLOJCHIX 3AKOHO8 OBUNCEHUs
ucnvimyemvlx 00vekmos. B damnou pabome ananuz pabouezo npocmpancmea niamgopmer Cmioapma ¢ uwiecmuio
cmeneHAMU c80000bl Oblll 8bINOIHEH 8 pe3yavbmame ee Modenupoganus 8 cucmeme Modelica, npeonasnauennoli 0na
KOMNOHEHMHO—OPUEHMUPOBAHHO20 ~ MOOEIUPOBANHUS  CIOJCHBIX — CUCTeM. Dmo  NO360AUN0  ONMUMUSUPOBANTb
KOHCMPYKYUIO UCTIbIMAMENbHO20 CMeH0a U 0becnedums YCio8usi UCHbIMAHUL PA3IUYHBIX U30eUtl MeOUYUHCKO20
HA3HAYEHUS.

KnioueBble caoBa: ucnuimamenvuviti cmeno, niamgpopma Cmioapma, npamas 3a0a4a KUHEMAMUuKi,
0Opamuas 3a0a4a KUHeMamuKu, Mooeauposanue, A3vik npoepammuposanus Modelica.



Jlannasa paboma 6vinONHEHA € COOMEEHICMEUU C NPOPAMMON padom no npoekmy «Moodepuuzayus,
Hacmpouka u noo20mo6Ka K HAMYPHLIM UCHLIMAHUAM ONBIMHO20 00paA3Ua AKMUEHO20 MPAHCPHEMOPATIbHOZ0
npomesa ¢ UHMENIEKMYAbHO—CUHEPZEMUYECKOU CUCMEMOl YRPAGIEHUA)» 8 paMKax eHympeHHezo zpanma PI'AO
BO “Cesacmononsckuii 2ocyoapcmeeHHblIL YHUGEPCUMEN).
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OPTIMIZATION OF A TEST STAND ON THE BASIS OF STEWART
PLATFORM FOR THE ENSURING CONDITIONS OF TESTS
OF TRANSFEMORAL PROSTHESES MODULES

Abstract. Test stend, constructed on the basis of mechanisms of a parallel structure such as the Stewart
platform, make it possible to implement quite complex laws of motion of the end—effector. However, their main
characteristics, such as a working space, its volume, reachability and manipulativeness, strongly depend on the internal
structure (features of the location of leg hinges) and the values of the design parameters. In this regard, it is almost
impossible to create a universal test bench based on the Stewart platform, which would allow to model a wide range of
movements of testing objects. At the same time, the degree of universality of the platform can always be enhanced by
using the design concept, in which it will be possible to quickly change design parameters within acceptable limits. In
this way, it can be possible to implement on the test stend a multitude of complex laws of motion of testing objects. In
this paper, an analysis of the working space of the Stewart platform with six degrees of freedom was performed as a
result of its modeling in the Modelica system, designed for component—oriented modeling of complex systems. This
allowed us to optimize the design of the test stend and to ensure the conditions for testing various medical products.

Keywords: ftest stend, Stewart platform, direct kinematics problem, inverse kinematics problem, simulation,
Modelica programming language.

BIBLIOGRAPHY

1. Merlet, J.—P. Parallel manipulators. Part I: Design, kinematics, dynamics and control/J.—P. Merlet//Research
Report RR—-0646, INRIA Sofia Antipolis, France, 1987. — 68 p.

2. Merlet, J.—P. Parallel manipulators. Part 2: Singular configurations and Grassmann geometry /J.—P.
Merlet//Research Report RR—0791, INRIA Sofia Antipolis, France, 1988. — 69 p.

3. Merlet, J.—P. Parallel manipulators. Part 6: Determination of the workspace for a constant orientation/J.—P.
Merlet//Research Report RR—1921, INRIA Sofia Antipolis, France, 1993. — 68 p.

4. Merlet, J.—P. Parallel manipulators. Part 7. Verification and planning of motion trajectories in the
workspace/ J.—P. Merlet//Research Report RR—1940, INRIA Sofia Antipolis, France, 1993. — 70 p.

5. Merlet, J.—P. Parallel manipulators. Part 8. Workspaces and motion planning of planar parallel
manipulator/J.—P. Merlet//Research Report RR—2291, INRIA Sofia Antipolis, France, 1994. — 68 p.

6. Merlet, J.-P. An algorithm for the Forward kinematics of general 6 d.o.f. parallel manipulators/J.—P.
Merlet//Research Report RR—1331, INRIA Sofia Antipolis, France, 1990. — 70 p.

8. Merlet, J.—P. Direct kinematics and assembly modes of parallel manipulators/J.—P. Merlet//Journal Robotics
Research. —1992. — Vol. 11, No 2. — P. 151-162.

9. Merlet, J—P. Trajectory verification in the workspace for parallel manipulators/J.—P. Merlet//Journal
Robotics Research. — 1994. — Vol. 13 No 4. — P. 326-333.

10. Mattsson, S.E. Physical system modeling with Modelica/S.E. Mattsson, H. Elmqvist, M. Otter//Control
Engineering Practice. — 1998. — Vol. 6. — P. 501-510.

11. Oh, M. and Pantelides, C.C. Modelling and simulation language for combined lumped

and distributed parameter systems/M. Oh, C.C. Pantelides//Computers & Chemical Engineering. — 1996. —
Vol. 6-7. - P. 611-633.

Poliakov Aleksandr Mikhailovich

FSAEI HE “Sevastopol State University”,
Ph.D., Associate Professor, Engineering
Mechanics and Machinery Department,
Universitetskaya Str. 33, Sevastopol, 299053
Phone: +7 978 703 88 26

E— mail: a.m.poljakov@sevsu.ru

Lozinskiy Nikolay Anatolievich
FSAEI HE “Sevastopol State University”,
Research fellow

Universitetskaya Str. 33, Sevastopol, 299053
Phone: +7 978 891 75 68
E— mail: nlozinskiy@gmail.com

Sopin Pavel Konstantinovich

FSAEI HE “Sevastopol State University”,

Ph.D., Associate Professor, Automobile Transport
Department

Lazarev Victor Borisovich

FSAEI HE “Sevastopol State University”,
Leading Engineer SEC

"Mechatronics and Robotics".
Universitetskaya Str. 33, Sevastopol, 299053
Phone:+7 978 751 42 20

e-mail: lvb69@yandex.ru

Pakhaliuk Vladimir Ivanovich

FSAEI HE “Sevastopol State University”,
Ph.D., Associate Professor, Head of Engineering
Mechanics and Machinery Department,
Universitetskaya Str. 33, Sevastopol, 299053
Phone: 8 (0692) 435-161

E— mail: pahaluk@sevsu.ru



Universitetskaya Str. 33, Sevastopol, 299053
Phone: +7 978 300 952
E— mail: pavel.sopin@gmail.com

VIK 519.9

AWM. BOXOHCKUM, A.1. PBIDKKOB

ITPOEKTUPOBAHMUE YIIPYI'OI'O OBBEKTA
AJIA UCCAEITOBAHUSA OITUMAJIBHOI'O HEPEHOCHOI'O
BPAIIATEJIBHOI'O ABUKEHUA BOKPYI' HEITIO/IBU’KHOU OCH

AHHOTaUMsA. Hccned08ano ciodcHoe 08udcenue ynpyeou cucmemyl ¢ 0OHOU CIMeNneHvbio c80600bl — BpaleHue
VAPY2020 KOHCOTbHO20 CMEPIHCH C COCPEOOMOYEHHOU MACCOU HA KOHYe U OMHOCUMENbHO20 OBUNCEHUS (U32UOHBIX
KOIeOaHUll CMepicHa, 00YCIOBNIEHHBIX €20 ObICMPbIM BPAWAMENbHbIM 08UdCEHUeM). B Kauecmee onmumanbHO20
ynpaenenus (y2no8020 YCKOpeHus) NpuHAmo penelinoe, Komopoe obecneuugaem 0OCMuIceHue abcoImMHO20 NOKOA 8
KOHYe OsudiceHus. [ Npaxmuveckol peamusayuu penetiHozo YNpAGIeHus YMOUHEeHA HYACMOma CcOOCTEeHHbIX
Konebanull 06veKma u O8UNCYWULL MOMEHM, HALOEHHBIX C YUemoM CONPOMUBNEHUS OBUNCEHUIO (TUHENHO—6A3K020 U
CYX020 MpenUs), Ymo NPUSENo K YMOYHeHUI0 8U0A Penelino20 YNPasieHus KaK 08UICYue20 MOMERMAa 8 NPUGOOe.

KunroueBble ci1oBa: ynpyauii 00vexkm, onmumanbHoe penelinoe ynpagienus, 00Cmudicenue abcomommnozo
NOKOS, O8UNCYWUTE MOMEHM NPUBOOQ.
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ELASTIC OBJECT DESIGNING FOR THE RESEARCH OF THE OPTIMAL
PORTABLE ROTATIONAL MOTION AROUND FIXED AXIS

Abstract. Complex motion was researched for the system with one degree of freedom, where rotation of
elastic cantilever rod with concentrated mass on its end takes place, taking into account elastic flexural vibrations of
the rod caused by a rapid rotation. A relay control was taken as the optimal control (angular acceleration), which
ensures the achievement of absolute rest at the end of the motion. For the practical implementation of a relay control
the frequency of natural oscillations of the object was refined and the drive torque was found, taking into account the
resistance (linear—viscous and dry friction) to motion, which led to the refinement of the type of a relay control — the
drive torque.

Keywords: elastic object, optimal relay control, absolute rest achieving, drive torque.
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II.M. IIKAIIOB, B.A. CYJIUMOB, A.B. CYJIUMOB

I'MbPU/IHBIE AJI'OPUTMbI BBIUNCJIUTEJBHOM ANATHOCTUKHA
HEYCTOUYNBOMU 11O AKOBU TMHAMHNYECKOU CUCTEMbI
C YIIPABJIEHUEM

AnHoOTammsi. Paccmampusaromesi  3a0auu  OUASHOCMUPOBAHUSL  CBOOOOHBIX NAPAMEMPO8  YNPABIAEeMOl
ounamuyeckol cucmemul 6 acnekme meopuu Kocambu—Kapmana—Yepna. Onucanue 260110yui cucmemsi 60 8peMenu
NpeoCcmasneno 8 2eOMEempudyeckux MePMUHAX, Ymo MNO36015em UHMEPNPEmuposams ee KAk 2e00e3UdecKyio 6
npocmpancmee  Qunciepa. Onpedensiomcst OCHOGHbIE 2eOMeMPUYecKUe UHBAPUAHMbBL UCCAEOYeMOll  CUCMEMb.
Cobcmeennbie 3HaAUeHUs 8MOPO20 UHBAPUAHMA OAIOM OYEHKY Ycmouyusocmu cucmemvl no HAxkoou. @opmynupyemcs
obpamHas 3a0aua 6bIYUCTUMENbHOU OUACHOCMUKU CUCTHEeMbl NO 3A0AHHBLIM COOCMBEHHbIM 3HAYEHUAM MmeH30pa
KpUsu3Hvl OmMKIOHeHUs. Pewenue onpedensemcs ¢ UChOIb308aHUEM ONMUMUZAYUOHHO2O No0xo0d. CkanapHbie



KpumepudaibHoie Gynryuu npeononazarmcs HenpepbleHbIMU, MHO2OMEPHBIMU, JURUUYEBbIMU,
MHO20IKCMPEMATbHbIMU, He 0bs3amenvHo 6ciody oupgepenyupyemvinu. Ilpu noucke 2106anbHblx  peuteHutl
UCHONL3VIOMCSL HOBblE 2UOPUOHBLE AI2OPUMMBL, 00bEOUHSIOWUE CIOXACMUYECKULL KPAMHBIL AI2OPUMM CIOJIKHOGEHUS
yacmuy ¢ YeHmMpAaIu308aHHOU GblOOPKOU (CKAHUPOBAHUE NPOCMPAHCMEA NEPEMEHHbIX) U OemePMUHUPOBAHHbIE
Memoobl IOKANbHO20 Noucka. B nepeom ancopumme 10KanbHbIIL NOUCK PEATU3VENICS MEMOOOM KPUBOU, 3aN0THAIOWel
npocmpancmeo. Bo eémopom aneopumme npu JOKATbHOM NOUCKE B8OOSAMCS OBYXHAPAMEMPUHECKUE CAANCUBAIOUUe
annpokcumayuu kpumepuanvhou @yuxyuu. Ilpueodumcs uucieHnvlii npumep OUAZHOCMUPOBAHUS NAPAMEMPOS
INMUNMULECKO20 MASIMHUKA C YNPAGILEHUEM.

KaloueBble ciioBa: Junamuueckas cucmema, ynpaeienue, ycmouyusocmv no Axobu, eceomempuueckuil
UHBAPUAHM, KPUMEPUATbHAS (PYHKYUSL, 2100ATIbHASI ONMUMU3AYUSL, SUOPUOHDLIL AN2OPUMM, IIIURMUYECKUL MASIMHUK.
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P.M. SHKAPOV, V.D. SULIMOV, A.V. SULIMOV

HYBRID ALGORITHMS OF COMPUTATIONAL DIAGNOSTICS
OF JACOBI UNSTABLE CONTROLLABLE DYNAMICAL SYSTEM

Abstract. Consideration is being given to problems of diagnosing of free parameters of the controllable
dynamical system in the framework of the Kosambi—Cartan—Chern theory. The time evolution of a system one describes
in geometric terms, by interpriting it as a geodesic in the Finsler space. Main 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. Scalar 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 Central
Based Multi—Particle Collision Algorithm (for scanning a search space) and deterministic methods for local searching.
The local search is realized by use of the space filling curve 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 restoring parameters and computational diagnostics of the controllable elliptic pendulum is presented.

Keywords: dynamical system, control, Jacobi stability, geometrical invariant, criterion function, global
optimization, hybrid algorithm, elliptic pendulum.
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TEXHOJIO'MN U UHCTPYMEHTbI

YK 621.002.54

B.B. BOI'VIIKUH, JL.B. ILIIPOH

BbIBOP TEXHOJIOI'MYECKUX METO/J1OB, OBECIIEYUBAIOILIINX
OIITUMAJIBHBIHN CTBIK IOCAAOK

AHHOTanusl. Bvicokoe Kavecmgo Y3108 npubopos Modicem Oblmb  2APAHMUPOBAHO NPUMEHEHUEM
MEXHON02UYECKUX Memo008 obecneuenuss blCOKOMOUHbIX NOCAOOK demaneli 6 coopounvix ysnax. Conpsoicenue
HENnoOBUINCHOU YUTUHOPUHECKOU NAPbl MAL020 pasmepa npeonojazaem Maible HAmseu, 8 mo Jxice 8pems Ompaciesvie
HOPMAIU U MEXHUYeCKUe YCI08UsL PeAMEHMUPYIOn He 8eIUdUHy Hamsed, a 6eIUYUHy ycunus coopku. Basicuyio ponw 6
npoyecce KOHMAKMUPOSAHUSL NOBEPXHOCMEN NPU NOJLYYEHUU HENOOBUNCHBIX CONPSNCEHUL NOGBIUEHHOU MOYHOCMU
uepaem eenuyUHA ulepoxosamocmu nogepxnocmu. IockonbKy paouyc 3aKpyeneHuss MUKPOGLICIMYNOS S8Iemcsi 0OHOU
U3 Xapakxmepucmux Muxpopenvedha nosepxHocmu, 00yciasnuearec0 KOHMAKMHYIO HCeCMKOCHb, DbLIO NPOBEOeHO
donoaHumenvHoe ucciedosanue. Pasnvie memoovl o6pabomku no3eonsiom nOayHame 3A0aAHHYI0 WEPOX08AMOCMb C
PABIUYHOU XApaKkmepucmukou Mukpopenvega. Ilokazano, ymo Hauryywiue yciosus KOHMAaKmupo8anust 00ecneuusarom
obKamKa ConpsaemMvlX NOBEPXHOCMell PONUKAMU, NPUMUPKOU U  QIMASHbIM  eviciadxcusanuem. Takoi 6b1600
noomeepHcOaemcst U IKOHOMUYECKUM AHAUZOM.

KaiwueBble clioBa: nocadku 6bICOKOU MOYHOCMU, (QuHUWHble Oonepayuu o0OpabomKu, XapakmepucmuKu
MUKpopenvepa, nsamuo Kacauus, 2¢hpekmusnviil paouyc, IKOHOMUYECKULL AHATU3.
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V.B. BOGUTSKY, L.B. SHRON

SELECTION OF TECHNOLOGICAL METHODS
TO ENSURE OPTIMAL JOINT LANDING

Abstract. The high quality of the components of the devices can be guaranteed by the use of technological
methods to ensure high—precision fit parts in assemblies. A linking of stationary cylindrical pairs small size implies
small tensions at the same time, but the normal industry and technical terms reglamentary not the magnitude of
tensions, and the amount of force of the assembly. An important role in the process of contacting surfaces when
obtaining of high precision motionless mates, is played by the value of the surface roughness. Because the radius of
curvature of micro ledges is one of the characteristics of the surface microrelief, which defining contact stiffness, was
conducted a additional research. Different processing methods allow to obtain a given roughness with different
characteristics of the microrelief. It is shown that the best contact conditions provide running of the mating surfaces by
rollers, lapping and diamond smoothing. This conclusion is confirmed by economic analysis.

Keywords: high precision landing, finishing machining operations, characteristics of microrelief, touch spot,,
effective radius, economic analysis.
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A.A. BETPOI'OH, B.A. KCEHO®OHTOBA, A.B. BABKIH, A .H. SKIIINH

BJIUAHUE NOT'PEHTHOCTHU ONPEAEJEHUS DOHEPTUN
AE®POPMAIINN KY30BA HA TOYHOCTDb PACYETA CKOPOCTEHN
TPAHCIHHOPTHBIX CPEJACTB IEPE/l CTOJIKHOBEHUEM
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AHHOTammsi. B pabome npouzgedeHa 3KCNEPUMEHMANbHAS NPOBEPKA MeMOOUKU ONpedeieHus CKopocmell
MPAHCNOPMHBIX CPEOCME neped CMOJIKHOBEHUEM, OCHOBAHHOU HA 3AKOHe COXPAHEHUs UMNYIbCA U 3aKOHEe COXPAaHeHUs
OHepeuU, a MaKdice OYeHKA CMeneHy GIUSHUA NOSPeUHOCIU OnpedeiieHus: SHepauy 0ehopmayuil Ky308a Ha MOYHOCb
onpedenenus cKopocmel MPAHCNOPMHBIX CPpeOCms8 neped CMOJKHOBEHUeM HA  OCHOBAHUU — pe3VIbmamos
aemomexnuueckou sxcnepmuszvl ATl ¢ yuacmuem 08yx mpancnopmuulx cpedcms. Onucanvi npeumywjecmea u
HeO00oCTnamKu MemoouKu, pacCmMompeHsl 0COOeHHOCMU NPUMeHEeHUs.

B xo00e nposedennvix sKcnepumenmos NOKA3AHO 6GAUAHUE NOZPEUHOCIU CYWEeCHEYIOUWUX Memooux
onpedenenus dHepauu Oepopmayuy Ha HNOSPEUHOCHb OnpedesieHus CKOPOCMU MPAHCHOPMHLIX CPeOCms nepeo
CMOIKHOBEHUEM NO CPABHEHUIO C PA3PAOOMAHHOU MEMOOUKOIL.

THokasano ucnonvzoganue paspaboOmMaHHOU MemoOuKu KAk OONOTHUMENbHO20 UHCIpPYMeHmda O OYeHKU
docmogepnocmu sxcnepmuzvl J{TI ¢ yuacmuem 08yx mpaHcnopmusix cpeocms.

KiaroueBble clIOBa: cmoikHOGeHUe O08YX A8MOMOOUNLeEl, 3aKOH COXPAHEeHUs UMNYIbCd, 3AKOH COXPAHEeHUs
9HepauU, NOZPEUHOCHb IKCHEPINU3D.
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A.A. VETROGON, V.A. KSENOFONTOVA, A.V. BABKIN, A.N. YAKSHIN

INVESTIGATION OF INFLUENCE EXTENT OF DEFINITION ERROR
OF DEFORMATION ENERGY OF THE BODY ON THE ACCURACY
OF DETERMINATION OF VEHICLE SPEEDS BEFORE CRASH

Abstract. Experimental check of the technique for determination of vehicle speed before crash is made. The
technique is based on the law of conservation of momentum and the law of conservation of energy. Assessment of
influence extent of definition error of deformation energy of the body on the accuracy of determination of vehicle speeds



before crash is executed on the basis of results of autotechnical expertize of road accident with the participation of two
vehicles. Advantages and disadvantages of the technique are described. Features of application of the technique are
considered.

Experiments which show the influence of error of the existing techniques for definition of deformation energy
on error of determination of vehicle speed before crash in comparison with the developed technique are made.

The use of the developed technique as the additional tool for assessment of reliability of road accident
examination with the participation of two vehicles is shown.

Keywords: crash of two cars, the law of conservation of momentum, the law of conservation of energy,
examination error.
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THE EXPERIENCE OF INTRODUCING EQUIPMENT FOR DIAGNOSIS,
QUALITY CONTROL OF THE MANUFACTURE AND REPAIR
OF HYDRAULIC UNITS, POWER TRANSMISSION EQUIPMENT

Abstract. The article considers the developed, manufactured and implemented equipment for maintenance
operations, quality control of manufacture and repair of components and assemblies of energy—saturated equipment
for agricultural and industrial purposes.

Keywords: fechnical diagnostics, stand, gearbox, transmission, controlled parameter, drive shafi, input
control.
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VIIK 621.438

A.B. I1OJIOI'JIOHAH, B.T. MATBEEHKO

TEPMOANHAMMNYECKHUE XAPAKTEPUCTHUKHA CJIO’)KHBIX IUKJIOB
MHUKPOI'A3SOTYPBUMHHBIX YCTAHOBOK HA HOMMWHAJIBHBIX
PEXXUMAX PABOTHI J1J151 PACOPEJEJEHHON SHEPTETUKHU

AuHoTanusi. [lpeOomemom paccmompenusi 6 cmamve AGAAIOMCA  MEMOObl  VCIONCHEHU  YUKIO8
MuKpozazomypounnvix ycmanosoxk (MITY) c¢ yenvio Oanvhetiuiezo nosvlueHus ux 3IKOHOMUYHOCMU. Bwibpano
Hanpagnenue 6onee 2ry60KOU YMUiu3ayuu meniomol euixaonusix 2azos MI'TY npespamueé uacmos ux 6 Mexamuieckyo
pabomy 6 mypoune nepepacuupenus. K evixnony MI'TY npucoedunsiemcs mypooxkomnpeccoprutii ymuauzamop (TKY),
cocmosiyutl U3 mypouHsl nepepacuiupenus, npugooaueli OOHCUMAOWUL KOMAPECCOp U OXAAOUMENs 2308 MeHCOY
Humu. Creoyrowuti cnocob nosviutenus s¢pgexmusnocmu MI'TY ¢ pezenepayueti menromot ¢ TKY — smo nepenoc
peceHepamopa meniomvl 8 mMypOOKOMNPECCOPHbIll YMULUZAMOP 3d MYPOUHy nepepacuiupeHus. YcmaHosieHo, 4mo
axonomuynocmo MI'TY ¢ TKY u pecenepayueti mennomwl eviuie no cpasuenuro ¢ 6azosou MI'TY c¢ pecenepayueti
mennomul Ha 7...8 %, yoenvHas MOWHOCMb Yeeauyusaemcs 8 cpedtem 6 1,25 pasa.

Ilo sxoHOMUYHOCMU U 6 CUNy MEeHbUUX 3HAYeHUUl CmeneHu NOBbIUEeHUs Od6NeHUs 8 KoMHupeccope
Muxpomypounvi yeaiecoobpasno npumensime MI'TY ¢ TKY u pecenepayueri meniomeoi.

KaioueBsble cioBa: mukpozazomypOunnas yCmaHosKa, MUKpomypOunda, pezenepayus meniomsl, mypouna
nepepacwupenusi, mypooKkomMnpeccopHbulil Ymuiu3amop.
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A. V. DOLOGLONYAN, V.T. MATVIIENKO

USE OF THE MANAGED HYDRODYNAMIC CAVITIES FOR DESALTING
OF SEA AND SALTISH WATER

Abstract. Consideration subject in article are methods of complication of microgas turbine plants (MGTP)
cycles for the purpose of further increase in their profitability. The direction of deeper utilization of warmth of exhaust
gases of MGTP is chosen having turned a part them into mechanical work in the overexpansion turbine. The
turbocompressor utilizer (TCU) consisting of the turbine of overexpansion giving the exhaust compressor and a cooler
of gases between them joins an exhaust of MGTP. With TCU the next way of increase in efficiency of MGTP with
regeneration of warmth — it is transfer of a recuperator in the turbocompressor utilizer for the overexpansion turbine. It
is established that profitability of MGTP with TCU and regeneration of warmth MGTP with regeneration of warmth on
7...8% is higher in comparison with basic, specific power increases on average by 1,25 times.

On profitability and owing to smaller values of extent of increase in pressure in the compressor of the
microturbine it is reasonable to apply MGTP with TCU and warmth regeneration.

Keywords: microgas turbine plant, microturbine, warmth regeneration, overexpansion turbine,
turbocompressor utilizer.
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Cexkuus «TexHOJOrUM 1 HHCTPYMEHTBID»

YHOPABJIEHUE CTABMJIBHOCTBHIO TEXHOJIOTTYECKOM CUCTEMBI
B IIPOIIECCE DJIEKTPOMATHUTHOM HAILJIABKH

AnHoTammsi. [Ipednodiceno ynpasienue CcmabUiIbHOCMbIO Hpoyecca JIeKMPOMASHUMHOU HANIABKU NO
Kpumepusam menio—macconepenoca u xapaxkmepucmukam 31eKmpomMasHumublx nomokos. [lokasano, umo Haniaeka ¢
UCNOTIL308AHUEM YCIMAHOBKU C DNEKMPOMASHUMHOU CUCMEMOU HA OCHO8e NOCMOSAHHBIX MAZHUMO8 obecneuusaem bosee
BbICOKYIO  NPOU3BOOUMENbHOCMb U KAYeCmEo (DOpMUpyemo20 NOKpulmus NnO CPAGHEHUI0 ¢ YCMAHOBKOU C
INEKMPUYECKUMU MASHUMAMU.

KnroueBble ciioBa: snexmpomazHumnas HanaAasKka, cmabuibHoCms npoyecca, Kpumepuil XapaKxmepucmuxu,
MeniIo—Macconeperoc, 21eKmpoMAzHUmMHble NOMOKU, HOCMOAHNbIL MASHUM, NEKMPULECKULL MASHUM.
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A.V. MIRANOVICH, G.A. MROCHEK

STABILITY MANAGEMENT OF A TECHNOLOGICAL SYSTEM IN THE
PROCESS OF ELECTROMAGNETIC SURFACING

Abstract. Stability management of the electromagnetic surfacing process according to the criteria of heat and
mass transfer and characteristics of electromagnetic flows is given. It is shown that welding with the use of an
installation with an electromagnetic system based on permanent magnets provides a higher performance and quality of
the formed coating compared to the installation with electric magnets.

Keywords: electromagnetic surfacing, process stability, characteristic criterion, heat and mass transfer,
electromagnetic flows, permanent magnet, electric magnet.
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J.H. HOBOKIIIOHOB, O.B. COKOJIOBA

BJIMSIHUE KAYECTBA BI®OPMOBKU ITPOPUJIA TPYBHOM
3AI'OTOBKMU ITP1 HEITPEPBIBHOH BAJIKOBOU ®OPMOBKE
HA HIOKA3ATEJIN DOPEKTUBHOCTHU ITPOU3BOACTBA

AHHOTAUMSI. B pabome npedcmasnenvl pesyibmamsl UCCICO0BAHUS NPOYECCA HENPepbiHOU BAIKOBOL
Gopmosku mpy6 Ha cmanax mpaouyuoOHHOU KOHCMPYKYUU C UCNOJb306AHUEM CREYUATUSUPOBAHHOZ0 NPOSPAMMHOO
KOMAAEKCA KOHEUHO—DNIeMEeHMH020 Mooenuposanus Ha baze pewamens MSC Marc. Bvisgiena 63aumocesnszo mexncoy
Kanubposkoll paboueco UHCMpyMeHmd, Napamempamu UCXOOHOU 3a20MOGKU U KAYeCMmBOM C8APHO2O COCOUHEHUS.
Ipeonosicena ynusepcanvhas opmyna paciema ONmMumMaIbHOU WUPUHbL WIMPUNCA U NepuMempa mpyoHoil 3a20MmosKu
Ha KajicooM 3mane ee ce0pavuéanust Osi nPoU3600CmMed CMalbHbIX NPIMOULOGHBIX MPYO MAN020 U CPEOHe20 JUaMempa
Kpyeno2o u npoguavho2o cedernus. TexnHuueckum pesyibmamom s6IsSemcs YMeHbueHue pacxooHo2o Kodgpuyuenma
MEmania 3a cyem YMEHbUEHUS WUPUHbL UCXOOHOU 3A20MOGKU NPU COXPAHEHUU GblCOKO20 YPOSHS Kauecmed
npou3800UMbIX MPYO U yeeaudeHue bixo0a 200H020 3a Ciem YCmpanenus 0eh)eKmos opmul U C8aAPKU.

KnaroueBble ca0Ba: wHenpepuieHas (QopMosKa, 6blhopMOSKa NPOGUIs, pexcum Oeopmayuy, UCXOOHAS
WUPUHA WMPUNCa, GOPMOBOUHDBIL CIAH, MOOETUPOBAHUE, MEMOO KOHEUHbIX 2NEMEHMO8, NPOOOTbHAS YCMOUYUBOCb.
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D.N. NOVOKSHONOV, O.V. SOKOLOVA

INFLUENCE OF FORMING BILLET PROFILE QUALITY
AT CONTINUOUS ROLL FORMING ON INDICATORS
OF PRODUCTION EFFICIENCY

Abstract. The article presents the results of a study of the process of continuous roll forming of pipes in
traditional mills using a specialized software system of finite element modeling based on the MSC Marc solver. The
analysis revealed the interrelation between the roll design, the parameters of the strip and the quality of the welded
joint. A universal formula has been proposed, which allows determining the width of the strip and the perimeter of the
billet with high accuracy at each stage of its forming to produce the existing and prospective product range of small
and medium diameter pipes. The technical result is the reduction of the consumption coefficient of the metal due to the
reduction of the initial strip width while maintaining a high level of quality of the pipes produced and an increase in the
yield by eliminating defects in shape and welding.

Keywords: continuous forming, forming mill, flat spots, deformation mode, initial strip width, simulation,
finite element method, edge buckling.
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@.1. TAHTEJIEEHKO, B.A. OKOUBHTBIIZ., B.A. ACTAMHHCKHﬁ,
C.b COBOJIEBCKNMMH, B.B. OKOBUTHIN

AHAJIN3 U BbIBOP BO3MO’KHBIX BAPUAHTOB HAIIBIJIEHUSA
KOMITIO3NIIMOHHBIX MHOT'OCJIOUHBIX HOKPBITHUU
N3 ITOPOIIKOB KEPAMUKHN HASAIIIUTHBIE DKPAHBI

AHHOTAIMSA. DPpexmusnocms 3auwumel  00bEKMOE OM NOBPENHCOCHULl NPU  BbICOKOIHEP2EMUYECKOM
8030elicmeul onpeodensiemcs npomusoy0apHoll CmotKOCMbIO UCHOTbL3YeMbIX Mamepuanos. [Ipumenumensho x 3awume
KOCMUYECKUX annapamos BblCOKONPOUHble MAmepuanbl OOJICHbL  YOO0GIEMBOPAMb OCHOGHLIM MPEOOBAHUAM —
MUHUMATLHASL RAOMHOCb, 8bICOKUE BA3KONIACTIUYHblE C8olicmea, meepoocmy. M3 obwux ghusuueckux coobpadicenuii
cnedyem, 4mo dQhGekmusHoCmb 3auumsl ONpeoeisiemcs. ypoGHeM NO2A0UeHUs KUHEMUYEeCKOU IHepeUl MemeopHbiX
uacmuy mamepuanom nokpvimus. He xacasaco 6cex Mexanusmos no2nouwjeHus: SHepeull, YKajlcem, 4mo 3HauumenbHas ee
4acmb pacxooyemcs Ha Yupyeyio u niacmuyeckylo oegpopmayuio mamepuaia noxpsvimuil. Bvicokas niacmuynocms u



6A3KOCMb SGNIEMCSL CYUECTNBEHHBIM (hakmopom ygenuueHus cmotikocmu. Tlogvluenue meepoocmu pe3ko CHuiCcaem
NIACMUYHOCb U 8513KOCHb, NPUBOOUM K XPYNKOMY pa3pyuleHuro. Buicokou npomugoyoaprou cmoiukocmoro 001adaom
MHO2OCTIOUHblE CIPYKMYPbL ¢ MEEPObIM KepaMUYecKumM CRoeM HA OCHO8e OKCUOO8 U NOOCIOEM U3 B653KO20
Memannuueckoeo mamepuana. Ilpumenenue OKCUOHOU KepaMUKU 6 DAKEMHO—KOCMUYECKOU MeXHUKe O/ peuleHus
yeno2o pAada KOMNIEKCHbIX MAamepuaioseoyeckux npobiem o0yclogneHo Oofiee 8blCOKOU MmeMnepamypou niaeneHus
SMUX MAMEPUAIog No CPABHEHUN) C MUNUYHBIMU KOHCIMPYKYUOHHBIMU Mamepuanamu O NpOMUOMemeOopHbIX
9KPAHOB. AIOMUHUEEBIMU CHAABAMU, MUMAHOM, CMANbIO, NOJUMEPHbIMU NIACHMUKAMU U HCAPONPOUHBIMU HUKENEEbIMU
cnnagamu. Bcrneocmeue npumenenus 6blCOKOMeMNepamypHuIX 2a308blX CMPYU, UCHONb308AHUE 2A30MEPMULECKO20
Hanvlienus Haubonee dPHekmusrHo Onsi HaHecenusi NOKPbIMULL U3 OKCUOHOU KEPAMUKU, KOMOpble UMEION BblCOKYIO
NPOYHOCMb CE53U 8 KPUCMANIUYECKOU peuiemKe U 0OHOBPEMEHHO 00Aa0aiom blCOKOU KO2e3UOHHOU NPOYHOCMbIO,
meepoocmpio, U3HOCOCmoUKocmulo. Paspabomka u  co30anue KOMROZUYUOHHBIX KePAMUYECKUX MAaAmepudaios
00YC0611eHO He0OXO00UMOCMbIO VIYYUICHUSI CEOUCME NAAZMEHHBIX NOKPbIMULL OJI1 HAHECEHUs 3auumbl KOCMUYECKUX
annapamos.

KiroueBble cl10Ba: niazmeHHoe HanvlieHue, Mamepuaibl Ha OCHO8e OKCUOHOU KEPAMUKU, OUOKCUO YUPKOHUSL,
NIA3MEHHble NOKPLIMUSL, ONMUMU3AYUS NPOYECCd, VIMUIU3AYUSL NOPOUIKA, A02e3Usi NOKPLIMUsL K HOONLOJICKe.
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F.I. PANTELEENKO, V.A. OKOVITY, V.A. ASTASHINSKY,
S.B. SOBOLEWSKI, V.V. OKOVITY

THE ANALYSIS AND SELECTION OF POSSIBLE OPTIONS
FOR THE DEPOSITION OF COMPOSITE MULTILAYER COATINGS
FROM POWDERS OF CRAMICS FOR PROTECTIVE SCREENS

Abstract. The effectiveness of protection of objects from damage under high—energy impact is determined by
the shock resistance of the materials used. With regard to the protection of spacecraft, high — strength materials must
meet the basic requirements—minimum density, high viscoplastic properties, hardness. It follows from General physical
considerations that the protection efficiency is determined by the level of absorption of kinetic energy of meteor
particles by the coating material. Without touching all the mechanisms of energy absorption, we indicate that a
significant part of it is spent on elastic and plastic deformation of the coating material. High ductility and toughness is
a significant factor in increasing resistance. Increased hardness dramatically reduces the ductility and toughness, leads
to brittle destruction. Multi—layer structures with a solid ceramic layer based on oxides and a sublayer of viscous metal
material have high shock resistance. The use of oxide ceramics in missile and space technology to solve a range of
complex material science problems was due to the higher melting point of these materials compared to typical
construction materials for protivooterne screens: aluminum alloys, titanium, steel, polymer plastics and heat-resistant
Nickel alloys. Due to the use of high—temperature gas jets, the use of thermal spraying is most effective for coating of
oxide ceramics, which have a high bond strength in the crystal lattice and at the same time have a high cohesive
strength, hardness, wear resistance. The development and creation of composite ceramic materials is due to the need to
improve the properties of plasma coatings for the application of spacecraft protection.

Keywords: plasma spraying, materials based on oxide ceramics, zirconium dioxide, plasma coatings, process
optimization, powder utilization, coating adhesion to the substrate.
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N.E. CEMEHOB, A.B. UBAHOB

BBIJJTABJINBAHUE KOPOBYATBIX JETAJIEA C JIOKAJIBHBIMU
AKTUBHbBIMU CHJIAMHU TPEHUA

AHHOTauusl. B pabome npusooumcs auaiu3 aHATUMUYECKUX U YUCIEHHbIX Memoo08 pacyemad Cul
Odehopmuposanust npu 0OPaAmMHOM 8blOAGIUBAHUU KOPOOUAMBIX Oemaiell, 8 MOM HUC/e 8 YCI0GUAX OeUCM U AKMUBHBIX
cun mpenus. Ha npumepe pacuema xopoduamvix Odemanei uz amomunus A/[-1 noxasano, umo anarumudeckue
3a6UCUMOCIU U YUCTIEHHbIE MEmOObl AHAIU3A, OCHOBAHHLIE HA MemOOe KOHEYHbIX 2NeMEeHmOo8, 0arm O00CMAMOYHO
MouHble pe3yibmanmvl, NO360IOWUE PEKOMEHO06AMb Ux O paciema Geludun Cul, Oelucmeylouux Ha pabouuil
uncmpymenm npu odpamuom evidasnueanuy. Ilomumo 5moeo, yucieHHoe UCCIe008anue 0dem G03MOINCHOCHb
npeocKazvléamsb HopMoUIMeHeHUe 3a20MO8KU Ha 000U cmaduu npoyecca odpamHo2o 6bl0ABIUSANUS], YO NO360JISLeMm
denamsb 6bI800bI O Kawecmee NOAYyHAeMblx Oemainei u 0onee NOIHO YHUMbIGAMb XAPAKMEPHbie 0COOEeHHOCMU
dechopmuposanus npu paspabomKe mexHoL02ULeCK020 NPoYecca.

KaioueBble ciaoBa: obpamuoe e6vidasnueanue, MemoO0 KOHEUHBIX DJEMEHMO8, CUNd MpeHus, Cuid
degpopmuposarus, popmousmernetue.
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LLE. SEMENOV, A.V. IVANOV

BACKWARD EXTRUSION OF BOX-SHAPED PARTS
BY USE OF ACTIVE FRICTION FORCES

Abstract. The paper provides an analysis of analytical and numerical methods for calculating the deformation
forces during the backward extrusion of box—shaped parts, including the active friction forces action. Using the
example of forces calculation for backward extrusion of aluminum (ADI1 on Russian) box—shaped parts it shown that
analytical dependences and numerical methods of analysis based on the finite element method give exact outcomes.
This makes it possible to recommend these analytical and numerical methods for the calculation of forces acting on the
working tool during the backward extrusion. In addition, the numerical analysis makes it possible to predict the form
change of the workpiece at any stage of the backward extrusion process. Based on this, it is possible to draw a
conclusion about the quality obtained the box—shaped parts and more fully take into account the characteristic features
of the form change during the development of the technological process.

Keywords: backward extrusion, finite element method, friction force, deformation force, form change.
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A.B. AHIIEB

PACUYET HAJIEXKHOCTHU MHOT OJIE3BUMHOI'O PEXXYIIIETO
HUHCTPYMEHTA IIPU YEPHOBOM OBPABOTKE HA OCHOBE
CTATUCTUYECKOI'O MOJAEJINPOBAHUA

AHHOTAIMS. /{15 HA3HAYEHUS PeICUMO8 PADOMbl COBPEMEHHO20 MEMAIOPeNCye2o 000py008anUs, 8 mom
yucie, peicumMos pe3anusl, npPeooNCeHbl MemoouKu, KOmopvie npu HA3HAYEHUU PEJNCUMOS8 De3aHUs He YUUmbleaiom,
umo akmuyeckas CMOUKOCHb Pexcyujec0 UHCMpyMenma ecmv cayuatnas eeruduna. Ee 3nauenue 3aeucum om
uzuyecKkux ce0lCm8 pedcyue2o UHCMPYMEHMa U 3d20MOo8KU, SUOPAYUL, 2eOMEMPUYECKUX NOSPEUHOCEN CMAHKA,
CMA30YHO—OXNAdICOaowel acuokocmu u m.0. B pacuemax uawe 6ceco onepupyrom cpeoHuM 3HAYEHUEM IMOU
CAyHauHou enuyunbl. [l onucanusi nepuoda CMOUKOCMU pediCcyujec0 UHCMPYMEHmd KAk CAYYatHol Geruduivl
UCHONBL3YIOMCST pA3IUYHble pacnpedenenus. /s yuema Kak nOCMEeNneHHO20 OMKA3d Pelcyuec0 UHCMpYMeHma, max u
BHE3ANHO20 OMKA3A, NPEONONCEHA O0DOOWEHHAST CMOXACMUYECKasi MOOelb OMKA308 O0O0HO— U MHO20Le36ULHO20
uncmpymenma. s pacuema HAOENCHOCMU MHO2O0LE36UNHO20 UHCHPYMEHMA 6 Cayyde eclu OmKA3 pedcyujeco
UHCIPYMEHMA HACMYnaem Nocie OMKA3d i—20 Ne36Usl, YMO Xapakmepro OJisi 4epHOBOU 00pabomxu, npeonodtceHo
NPUMEHMb CMAmucmuyeckoe Mooeauposanue. B pabome npednosicen anzopumm cmamucmuieckozo Mooeiupo8anus
nepuooa CmouKkoCmu MHO20e36UliH020 uncmpymenma. Ilonyyennvie pe3yibmamol RPOULTIOCHPUPOBAHbI HA YUCTOBOM
npumepe. B paccmampusaemom npumepe cpeonuii nepuod cmouKoCmu 6ce20 MHO2O0NE36UNHO20 UHCIPYMEHmA 00
OMKA3a NePEo2o Nie36Usl NPUMEPHO 8 08A PA3A MEHbUUE YeM CPEOHUIl Nepuod CMOUKOCIU 00HO20 1e36Usl U CIAHOBUMCS
paeen emy nocie omkasa npumepro 60 % neszeuili pexcyweeo urncmpymenma. Kosgpguyuenm eapuayuu nepuooa
CMOUKOCMU NPAKMUYECKU He 3a8UCUm OMm YUCHa Ae36uil peacyueco uncmpymenma. C pocmom yucia omxazaguiux
J1e36uil Kodghuyuenm sapuayuy pe3Ko CHUNCAeMcsl, HO NOCie 7 OMKA3AGUIUX Te36ULL Yice NPAKMUYECKU He MEeHIemCsl.

KiroueBble C10Ba:  MHO20N1€38ULIHBIL  PEXHCYWULT  UHCIPYMEHM, HAOeHCHOCMb, Nepuood  CMouKocmu,
KO puyuenm sapuayuu, 6apuaderbHOCmb, CMOXACMUYECKas MOOeb, CIAMUCMUYEcKoe MOOeIUPO8aHUe
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A V. ANTSEV

MULTI-POINT CUTTING TOOL RELIABILITY CALCULATION
AT ROUGH MACHINING BASED ON STATISTICAL MODELING

Abstract. For the assessment of the of modern metal—cutting equipment modes of operation, including cutting
modes, various methods have been proposed. However, those methods do not take into account that the actual tool life
of the cutting tool is a random variable. Its value depends on the physical properties of the cutting tool and the
workpiece, vibration, geometrical errors of the machine, coolant, etc. In calculations, the average value of this random
variable is most often used. To describe the tool life of the cutting tool as a random variable, various distributions laws



are used. To account for both the gradual failure of the cutting tool and the sudden failure, a generalized stochastic
model of single— and multi—point cutting tool failures was proposed. To calculate the reliability of a multi—point cutting
tool, if a cutting tool fails after the failure of the i—th blade, which is typical for roughing, it is proposed to use
statistical modeling. The paper proposes an algorithm for statistical modeling of the tool life of a multi—point cutting
tool. The results are illustrated by a numerical example. In this example, the average lifetime of the entire multi—point
cutting tool to the failure of the first blade is about two times less than the average lifetime of one blade and becomes
equal to it after failure of about 60% of the blades of the cutting tool. The coefficient of variation of the tool life is
practically independent of the number of blades of the cutting tool. With an increase in the number of failed blades, the
coefficient of variation drops sharply, but after seven failed blades, it almost does not change. The use of proposed
technique will allow calculating the tool life of the cutting tool to the failure of the required number of blades, which
will allow use the cutting tool in the case of roughing more efficiently.

Keywords: multi—point cutting tool, reliability, tool life, coefficient of variation, variability, stochastic model,
statistical modeling.
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CHUXEHWE AHTPOIIOT'EHHOI'O BO3JEVCTBHUS OT KOTEJBHBIX
B YCJIOBUAX KPBIMA

AHHoTamus. [Iposeden ananus 8blOPOCO8 ONACHBIX 6EUJECTNE OM CHCUSAHUA MONAUBA 8 KOMETbHbIX U UX
go30elicmeue Ha uenogeka U OKpyxcaiowyio cpedy. Paccmompenvt nepcnexmusbl UcnONb3068aHUA ANbINEPHAMUBHBIX
UCMOYHUKOB SHepauu 8 Kpbimy 0151 CHUdICEHUS YPOBHS AHMPONOZEHHO20 8030€liCMEUs OM KOMETbHbIX.

KnroueBble ciioBa: arvmepnamugnas sHepeus, AHMponocenHoe 8030elicmaue, 3azps3nenue OKpyicaioujel
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E.V. BURKOVA, D.V. BURKOV

REDUCING ANTHROPOGENIC IMPACTS FROM BOILERS IN CRIMEA

Abstract. The analysis of emissions of hazardous substances from fuel combustion in boilers and their impact
on humans and the environment. The prospects of using alternative sources of energy in the Crimea to reduce the level
of anthropogenic impact from boilers are considered.

Keywords: alternative energy, anthropogenic impact, environmental pollution.
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T.B. IPOXOPOBA, A.A. JIAH1H

MOJEJb XPYIIKOI'O PASPYIIEHWSI CBAPHBIX COEJJUHEHUHA
ITPU BBICOKOTEMIIEPATYPHOMU ITOJI3YYECTH

AnHoTanus. [Ipednodicena mooeivb paspyueHusi C6apHuIX COeOUHEHUL XPOMOMONUbOeHo8anaouesvix u 9—12%
Xpomucmolx cmanei NpU GbICOKOMeMNepamypHoOU noI3yuecmuy no Kpumepuio nogpedxcoaemocmu. Boinoaneno
YUCleHHoe MOOenuposanue paspyuienust ceapuolx oopaszyos uz cmamu P91 (10XCrMoVNb—9-1) npu 625°C.
Onpedenenvl 3a8UcCUMOCMU OTUMENbHOU NPOYHOCMU OM OMHOCUMENbHOU WUPUHBL 30HbL C HUSKUM CONPOMUGTeHUE
nonzyvecmu (MA2KOU NPOCIOUKY) U COOMHOWEHUsI cKopocmel noasywecmu mszkou npocaotiku (MII) u ocnosnozo
memanna (OM).

KaioueBsble cioBa: noasyyecms, OaumenvHas npouHOCHb, nospexcoaemocms, mpewunsl 1V muna, msexas
npocoliKa, 30Ha mepmuyeckoeo eiuanus (3TB), sona menxozo 3epna 3TB, mesckpumuueckuii unmepean 31B.
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T.V. PROKHOROVA, A.A. LANIN

THE BRITTLE FRACTURE MODEL OF WELDING JOINT
AT HIGH-TEMPERATURE CREEP

Abstract. The creep rupture model of Cr—Mo, Cr—Mo-V and 9—12% steels welding joints at high temperature
is presented. Kachanov—Rabotnov constitutive equations with one state variable are used. Numerical simulation of
creep rupture of welded specimens from steel P91 (10XCrMoVNb—9-1) at 625°C is performed. The long—term strength
dependences vs. the relative width of the zone with low creep resistance (soft interlayer) and the creep rates ratio of the
soft interlayer (SL) and the base metal (BM) are determined.

Keywords: creep, time to rupture, damage, IV type crack, soft interlayer, heat affected zone (HAZ), fine grain
zone, inter—critical zone (ICHAZ).

BIBLIOGRAPHY

1. Zemzin, V.N. The welding joint heat resistance — Leningrad: Mashinostroenie, 1972. — 272 p.

2. Schron, R.Z. About tensile strength of welding joint with a soft interlayer under creep conditions //
Svarochnoe proizvodstvo. — 1970. — Ne 5. — P. 6-8.

3. Schron, R.Z. Influence of the welded joints properties inhomogeneity in their tendency to brittle fracture in a
creep conditions/ R.Z. Schron, A.I. Korman // Svarochnoe proizvodstvo. — 1972, — Ne 12, — P. 12-14.

4. Hayhurst, D.R. CDM mechanisms—based modelling of tertiary creep: ability to predict the life of
engineering components // Arch. Mech. — 2005. — v. 57, Ne2-3. — P. 103-132.

5. Hayhurst, R.J. Creep constitutive equations for parent, Type IV, R-HAZ, CG-HAZ and weld material in the
range 565-640 °C for Cr—Mo-V weldments/ R.J. Hayhurst, R. Mustata, D.R. Hayharst // Int. J. of Pres. Ves. and
Piping. — 2005— v. 82. — P. 137-144.

6. Hyde, T.H. A review of the finite element analysis of repaired welds under creep conditions/ T.H. Hyde,
JLA.  Williams, A.A. Becker, W. Sun / OMMIL — 2003. — wv. 2, Ne 2. — URL:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.515.98&rep=rep 1 &type=pdf (nara odpamenus 21.01.2017)

7. Perrin, J. Approximate creep rupture lifetimes for butt welded ferritic steel pressured pipes/ J. Perrin, D. R.
Hayhurst, R.A. Ainsworth // Eur. J. Mech. A/Solids. — 2000.— v. 19. — P. 223-258.

8. Gaffard, V. Experimental study and modelling of high temperature creep flow and damage behaviour of
9Cr1Mo—NbV steel weldments: PhD thesis — France, 2004. — 329 p.

9. Gorash, Y. Development of a creep—damage model for non—isothermal long—term strength analysis of high—
temperature components operating in a wide stress range: PhD thesis. — Halle, 2008. — P. 108.



10. Dimmler, G. P. Extrapolation of short-term creep rupture data — The potential risk of over—estimation/ G.
P. Dimmler, G. Weinert, H. Cerjak /IJPVP. —2008. — v. 85. — P. 55-62.

11. Kloc, L. Influence of the loading history on the creep of the 9% chromium steel at low creep rates/ L. Kloc,
V.Sklenichka // METAL 2004 (13): Int. Conf. (Hradec nad Moravici (CZ), 04.05.18-04.05.20). — Hradec nad Moravici
(CZ2),2004. - P. 1-7.

12. Kloc, L. Internal stress model for pre—primary stage of low—stress creep//15th International Conference on
the Strength of Materials (ICSMA-15) J. Phys.: Conf. Ser. — 2010. — vol. 240, Ne 1. — 012086 — URL:
http://iopscience.iop.org/1742—6596/240/1/012086 (nata obpamienus 21.02.2016)

13. Esposito, L.A primary creep model for Class M materials/ L. Esposito, N. Bonora //Materials Science and
Engineering A — 2011. — v. 528. — P. 5496-5501.Lanin A.A., Ilin S.A., Prokhorova T.V. Investigation of dissimilar
welded butt joints of thick—walled steam pipe systems of steam turbines // Tjazhjeloe mashinostroenie. — 2008. — Ne6.
— P. 21-25.

14. Prokhorova, T.V. Creep strength prediction of dissimilar CrMoV and 9—12%Cr steels welded joints: PhD
thesis. — SPb, 2017. — 185 p.

15. Guetsov L.B. Materials and Strength of the gas turbines details. two books, book 1.— Rybinsk: OOO
«Publishing Hous «Gas turbine technology », 2010. — 611 p.

16. Holmstrom, S. Modeling and verification of creep strain and exhaustion in a welded steam mixer/
Holmstrém S., Rantala J.//Journal of Pressure Vessel Technology. —2009. —v. 131, Ne 6, 061405. — 5 p.

17. Penny, R.K. Design for Creep/ R.K. Penny, D.L. Mariott — sec. ed. — London: Chapman&Hall, 1995. —430 p.

18. Stepanova, T.R. Modeling of the High Temperature Creep and Rupture under the Complex Stress State/
T.R. Stepanova, T.V. Prokhorova // Materials Science Forum. —2016. —v. 870. — P. 528-534.

19. Hancock, J.W. On the mechanisms of ductile failure in high—strength steels subjected to multi—axial stress—
states/ J.W. Hancock, A.C. Mackenzie //J. Mech. Phys. Solids, — 1976. — v. 24. — P. 147-169.

20. Lanin, A.A. Stress—rupture strength, structure, and properties of welded joints of 15Kh1MIF and
X10CrMoVNDB9-1 (P91) steels/ A.A. Lanin, T.V. Prokhorova, S.G. Khanzhin//Power Technology and Engineering. —
2017.—Vol. 51, No. 3. — P. 309-317.

21. Sklenicka V. Creep bechaviour of modified 9%Cr martensitic steels after long term annealing/ V.
Sklenicka, J. Kudrman, K. Kucharova at all / “METAL 2004”: 13 int. conf. (Hradec nad Moravici (CZ), 04.05.18—
04.05.20). — Hradec nad Moravici, 2004. — 9 p.

Prokhorova Tatiana Vladimirovna Lanin Alexandr Alexeevich
Joint-Stock Company “L.I. Polzunov Scientific and Joint—Stock Company “L.I. Polzunov Scientific and
Development Association on Research and Design of Development Association on Research and Design of
Power Equipment” “NPO CKTI” St.Petersburg Power Equipment" “NPO CKTI” St.Petersburg
Ph.D., Leading Researcher Ph.D., Professor, Head of the expert organization
191167, Russia, St.Petersburg, Atamanskaya str., 3/6 191167, Russia, St.Petersburg, Atamanskaya str., 3/6
Tel. (812)292-90-73 Tel. (812)297-58-60
E—mail: tv.prokhorova@mail.ru E-mail: svarka@ckti.ru

YK 621.923

B.I''. XPOMOB, A.B. HEMEHKO, M.M. HUKUTWUH

ONTHUMU3ALNA KOJILIIEBOM PA3I'PY3KH TP U3TOTOBJIEHUU
AETAJIEA C IIOBEPXHOCTAMM BTOPOI'O TIOPAIKA

AHHoTauusi. Paccmompena 3adaua ¢punuwinoti 06pabomku Oemanu 6udd MOHKOU Kpyenou NIaCmuHKu
NOCMOSHHOU MOMUWUHBL C MAJIbIM UCKPUSTICHUEM 6 8Ude 3d0aHHOU NOBEPXHOCMU 6PAUeHUSI 8MOPO20 NOPSOKA.
Ipeonooiceno npumenenue KOIbYEGOU paszepysKu Cujl, OeUCMEYIOWUX HA 3d20MOBKY, 8 COUeMAaHUU C Y4EMOM Ynpyeux
nepemeweHutl u 00pabomKol 3a20Mo6KU N0 3aKOHY, yuumvlearowemy 3mu nepemeweruss, llonyuenvl eeomempuueckue
XapakmepucmuKky — 3KCYeHMPUCUMem U 8EPUIUHHBIL PAOUYC KPUBU3HbL NOBEPXHOCMU, NO KOMOPOU Ciedyem 6ecmu
00pabomky npu 3a0AHHOM MEXHOLOSUYECKOM OdGNIeHUuu 00pabomKu, ¢ mem, Ymoobwvl nocie e20 CHAMuUs HOGEPXHOCHIb
noayuuna Ovl 3a0aHHbIe IKCYEHMPUCUMEM U GePUIUHHBIL paouyc KpususHel. llonyueHvl cOOMHOWIEHUS MeNCOY
2COMEMPUYECKUMU U YAPY2UMU XAPAKMEPUCTIUKAMU 3020MOBKU, NO36ONSAIOWUE BbIOPANb MAKOE MEXHONI0SUYECKOe
daeslieHue, npu KOMOPOM G03MOJICHA 0Opabomxa 3a20mosku no cgepuueckoli nogepxnocmu. Iloxazano, umo 0ns
demany NOCMOSIHHOU MONWUHbL 300a4a pewaemcsi Kak Osi GbINYKIOU MaK u 015 GOZHYMOU HOGEPXHOCHU C
MOYHOCMBIO 00 CIA2AEMbIX YeMEEPMO20 NOPSIOKA 8 YPAGHEHUU 00PA3YIOWel.

KiroueBble caoBa: ¢uuuwnas obpabomxa, wiiugosanue, noauposauue, 006pabomka 6 HANPIHCEHHOM
COCMOSIHUU, NOBEPXHOCHb BMOPO20 NOPSIOKA, IKCYSHMPUCUMEN, PAOUYC KPUBU3HDBI, CUCTNEMA PA32PY3KU.
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V.G. CHROMOV, A.V. NEMENKO, M.M. NIKITIN

OPTIMIZATION OF RING-TYPE UNLOADING DEVICE
IN MANUFACTURING OF DETAILS WITH SECOND ORDER SURFACES

Abstract. The problem of finishing the details of the form of a thin circular plate of constant thickness with a
small curvature in the form of a given surface of rotation of the second order is considered. The use of ring unloading
of forces acting on the workpiece in combination with taking into account elastic displacements and processing the
workpiece according to the law taking these displacements into account has been proposed. Geometric characteristics
— eccentricity and the vertex radius of curvature of the surface, which should be processed at a given processing
pressure — so that after its removal the surface would receive the specified eccentricity and vertex radius of curvature.
The relations between the geometrical and elastic characteristics of the workpiece are obtained, allowing to choose the
technological pressure at which the workpiece can be processed along a spherical surface. It is shown that for a part of
constant thickness, the problem is solved for both a convex and a concave surface up to fourth order terms in the
generator equation.

Keywords: finishing, grinding, polishing, processing in a stressed state, second—order surface, eccentricity,
radius of curvature, unloading system.
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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 CraThsi IPEAOCTABISACTCS B DJIEKTPOHHOM BHJIE (IO AJIEKTPOHHOW MOYTE WM Ha JTHOOOM
ANEKTPOHHOM HOCHTEJE).

e [lapamerpsl Habopa. [lons: 3epkayibHBIE, BEpXHEE, JEBOE, TpaBoe — 2 CM, HIKHee — 1,6
cM, neperieT — 0. OTCTyIbl 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. BeipaBHUBaHHME — MO MUPUHE. MEXIYCTPOUHBIA MHTEPBANT — €IUHUYHBIA. BKIIOYUTH
ABTOMATUYECKUH MepeHoc. Bce KaBBIUKHM JOKHBI OBITH YIVIOBBIME (« »). Bce CHMBONBI «THUDPE»
JOJKHBI OBITH CPETHEr0 pazMepa («—», a He «-»). Hauepranue uudp (apaOCkux, puUMCKHX) BO BCEX
3JIEMEHTaX CTaThH — IPSIMOE (HE KYypCHB).

e CTpyKTypa CcTaThu:

VIIK;

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

Ha3zpanue (He 6osee 15 cioB) Ha pycckoM s3bike — 14 nt, moay:xkupHbiM, BCE ITPOIIMCHBIE
10 HeHTPYV 0e3 a03alHOr0 OTCTVIA;

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

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

Cnomcok suteparypsl (B nopsinke nuruposanus, [OCT 7.1-2003) Ha pycckoM sA3BIKE, 3ariaBHe
crucka auteparypsl — 12 nr, moayv:kupabiM, BCE ITPOIIMCHBIE no neHTpy 6e3 ad3amHoro
orcTyna, mureparypa ohopmisercs 10 or.

Caenenust 00 aBTOpax Ha pycckoM sizbike — 10 . [IpuBoasTCS B Tako# MOCIE10BATEIBHOCTH:
damunus, UMs, OTYECTBO;

VUPEKICHUE WIH OPTaHU3AIHS;

ydeHasi CTENIeHb, YUE€HOE 3BaHHE, TOJKHOCTB;

aapec,

TenedoH;

3JIEKTPOHHAS TI0YTA.

¢ Ha3paHue crarby, (paMUIUU U WHUIIUATIBI AaBTOPOB, AaHHOTAIHS, KIFOYEBBIE CJIOBA, CITUCOK
UTEPATyphl (TPaHCIUTEpalys) W CBEACHHA 00 aBropax o00s3aTeNbHO AYOJUpPYIOTCS Ha
anrymiickom sisbike 34 CTATHEH.

e ®opmynel HabupaioTcs B penaktope dopmyn Microsoft Equation. Pazmep cumBoOB:
oObryHbIe — 12 OT, KPYNHBIA HHACKC — 9 WT, Menkuil uHIekc — 7 nT. Hymepauus dopmyn — mo
MpaBOMY Kparo B KPYIJbIX ckoOKax «( )». OmucaHue Ha4MHAETCS CO CJIOBa «Tae» 0e3 ABOETOYHS,
0e3 al3alHOro OTCTyINa; MOSICHEHHWE Ka)XJO0ro CHMBOJA JAeTcsi € HOBOH CTPOKHM B TOH
MOCJIeIOBATENILHOCTH, B KOTOPOH CUMBOJIBI MPUBENICHHI B (hopmyiie. EAMHUIIBI n3MepeHus JatoTcs B
coOTBeTCTBUU ¢ MexayHapoaHoi cucremon enunun CH.

e Pucynku — yepHo—Oenbie. Ecnu pucyHok co3man cpeactBamu MS Office, Heo6xoaumo
npeoOpa3oBaTh €ro B KapTHHKY. s pacTpoBBIX PHCYHKOB paspemienue He MeHee 300 dpi.
[onpucynounsie Haanucu BoIIONHATH IpudToM Times New Roman, 10 nT, moaykKupHbIM,
KYPCUBHBIM, B KOHIIE TOUKA HE CTABUTCSL.

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

C monHOW Bepcuel TpeOOBaHM K OQGOPMIICHHIO HAay4YHBIX 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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