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OCHOBBI MOJEJIMPOBAaHUSI PE30HATOPA TBEPAOTEJBLHOIO BOJHOBOro rupockoma (Basics of
Simulation Solid-state Wave Gyroscope Resonator)

Paccmampueaemces ocnoenotl snemenm meepoomenbHo20 80JHO0B020 2UPOCKONA — KEAPYEablll
pezonamop. Obcysxcoaromes 80npocsl U3YHUeHUss Pe30HAmopa meepoomenbHo20 B0JH08020 2UPO-
CKONA € NOMOWbIO KOHEUHO-3IEeMEHMHO20 Modeauposanusi 6 npoepamme Ansys. Onucvigaromcs
9Mansvl NOO20MOBKU MOOeNU ¢ NOMOWDBIO CIMAHOAPMHBIX cpedcms npocpammel: Engineering Data,
Design Modeler, Modal. Ilpusooumcsa npocmas KOHCMpYKyus pe3oHamopa 8 euoe noaycgepul Ha
Hoocke. Paccmampusaromes ¢axmopul, énusowue Ha pacuemmuvle 3HAUEHUS PE3OHAHCHBIX UYdc-
mom. [Ipusooamcs napamempsi pe3oHamopa, Ucnoib308aHHble npu mooeruposaruu. Ilpusooames
OCHOBHbIE Pe3yIbmamsl paciemos: pe30HaAHCHble YaCmOombl U COOMBEMCmMayuue UM MoObl KoJjle-
banuti. V3yuaromes 60npocsl moyHOCmuU pacuemos, NPU8OOUMcs 3a8UCUMOCHb PACYeMHbIX 3HaYe-
HULl OM KOJIUYeCmea 3J1eMeHmo8 8 pa3OueHuu pe3oHamopa Ha KOHYeHble dlemenmsl. TouHoCHb
pacyemos oyeHusaemcs no OMKIOHEHUI 4acmom 07 MO0 O0OHOU (Popmbl — Ol UOEATbHOU Oce-
CUMMEMPUYHOLL 00010YKU OOHOU Yacmome coomeemcmayem 08e mMoowl. Ilpusooamcs pe3ynomamuol
usMepeHulli pe30HaAHCHBIX 4acmom 3KCHEPUMEHMANIbHBIX 00pa3y08, KOHCMPYKYUs KOMOPbIX CO8NA-
oaem ¢ KOHCmpyKyueti Mooenu. AHanusupyromcs sKcnepumenmanvhsie sHadenus. CpagHugaromces
pacuemuvle U IKCNEPUMEHMATbHble 3HAYEHUs, 00bACHAemca ux pasziudue. Ananuzupyromes ax-
mopbl, GIUANOUUE HA 3HAYEHUEe PE30HAHCHOL Yacmombl 8mopol hopmul KolebaHuil pe3oHamopa.
Jaromes oyenku mouHocmu u a0eK8amHoCmuy Mooeu, NOJyYeHHOU 8 Ansys.

The basic element of the Solid-state Wave Gyroscope — the quartz resonator is considered. Issues
of a study of the resonator of the Solid-state Wave Gyroscope by means of finite and element simu-
lation in the Ansys program are discussed. Stages of preparation of the model by standard program
means are described: Engineering Data, Design Modeler, Modal. Simple construction of the reso-
nator in the form of a hemisphere on a pinch is given. The factors influencing the calculated values
of resonance frequencies are considered. The resonator parameters used in case of simulation are
given. The main results of calculations are presented: resonance frequencies and modes of oscilla-
tions corresponding to them. Questions of accuracy of calculations are studied, the dependence of
calculated values on the quantity of elements in partition of the resonator on finite elements is
given. Accuracy of calculations is evaluated on a deviation of frequencies for modes of one form —
for an ideal axisymmetric shell two modes correspond to one frequency. Results of measurements of



resonance frequencies of the experimental samples with the construction matching the construction of
the model are given. The experimental values are analyzed. Design and experimental values are com-
pared, their distinction is explained. The factors influencing the value of the resonance frequency of
the second form of oscillations of the resonator are analyzed. Estimates of accuracy and adequacy of
the model received by Ansys are given.

KaoueBble cJI0Ba: TBEPIOTEIBHBII BOJTHOBOW THPOCKOI, PE30HATOP, MATEMAaTHIECKOE MO/ICIIH-
pOBaHHE, KOHEYHO-DJIEMEHTHOE MOJICIUPOBaHME, MporpamMma Ansys, MOAAIBHBINA aHaIW3, pe3o-
HAHCHBIC YaCTOTHI, TOYHOCTh PACYETOB, IKCIIEPUMCHTATBHBIC U3MEPEHHUS.

Keywords: Solid-state Wave Gyroscope, resonator, mathematical simulation, finite and element
simulation, Ansys, modal analysis, resonance frequencies, accuracy of calculations, experimental
measurements.

VIK 621.715.2:621.774.32
DOI 10.22213/2410-9304-2017-3-18-21

M. C. Konosanos, maructpant, UxI['TY umenu M. T. Kanamnukoa (M. S. Konovalov, Master’s
Degree Student, Kalashnikov ISTU)

B. II. lllenoeun, noxtop TexHW4Yeckux Hayk, npodeccop, kI TY mmenn M. T. Kamammwmkosa
(V. P. Shenogin, DSc in Engineering, Professor, Kalashnikov ISTU)

IloBbIlIeHNE CTOMKOCTH NMPOIIMBHBIX ONMPABOK U3 cIIaBa HA ocHOBe NI;AL apmupyromumu
yactunamu (Increase of the Durability of the NizAl-based alloy Piercing Plug on Account of
Reinforcing Particles)

B 0annoti pabome caumku u320magiu8aiucy Memooom 8bINIAGKU INEKMPOO08 8 OMKPBIMOU UH-
oyxkyuonnoul snexmpuyeckoi neuu COJT-20C/20 ¢ nocredyowum ux 31eKmpouLiaKo8bim nepeniia-
80M Kak ¢ 000asieHuem apmMupyowux yacmuy Moaub0eHa 8 Kpucmaiiuzamop memooom pagHo-
MEPHOU NOOCHINKU 80 8peMs nepeniaed, maxk u Oez 0odasnenus. /s 6bINiaeKu UCNOIb308a1UCH
yyucmole WUXMOBble mMamepuaivl 6e3 000asieHus omxo008. Apmupyrowue yacmuyvl MOaAUOOeHa
ObLIU  NONYUeHbl UMenrbUeHuemM 3a20mogok monauboena mapxku MII-1 (TY 48-19-73-86)
8 NIAHeMAapHoll MelbHUye.

B pezynemame npogedenus pabomsi Memooom OmMKpblmou UHOYKYUOHHOU 8bINAABKU ObLIO NOJIY-
yeno yemsipe d1ekmpooa cniaea Ha ocHose NizAl Ilepsvie 0sa snekmpooa (Ne I u 2) 6viau noo-
8epeHYmMbl CMAHOAPMHOMY deKmpouinakogomy nepeniagy (DLLUII), a emopvie 06a snekmpooa (Ne
3 u 4) 6viiu noogepenymuol I ¢ dobasieHuemM 6 KPUCMALIUZAMOP B0 8PeMsl NePeniasa NOPOuKa
Moauboena. M3 ecex nomyueHHuIX cIumKos Obliu U320mosieHbl NPOUUeHble ONPABKU, KOMOopble UC-
NBIMbIBAIUCL NPU NPOULUBKE NPYMKOE KOPPO3UOHHO-cmouxou cmanu mapku 08X18HI0T-111. Ilpu
NOMOWU ONPABOK, U32OMOBIEHHBIX U3 CAUMK08 Ne 1 u 2, Ovlio npowumo 7 u 6 npymkog coomeem-
CMBEHHO, A NPU NOMOWU ONPaBoK uz caumros Ne 3 u 4 ovino npowumo 11 u 12 npymkos coomeem-
cmeento. Ilonyuennvie pe3yibmamsl NOKA3AU, YO B03MONCHO NOBbICUMb CIOUKOCb ONPABOK U3
cnnasa Ha ocrhoge unmepmemaniuoa NizAl npu npowuske npymkos uz cmanu mapku 08X18HI10T-
LI na 76 % 3a cuem noGvlUeHUS HCAPONPOUHBIX XAPAKMEPUCMUK CHIAABA APMUPYIOWUMU YACTU-
yamu u3z nOPouKa Moauboena, 8600uUMbIMU 8 npoyecce npogedenus L.

In this work ingots were prepared by smelting in the open induction furnace SELT-20C/20 with
casting in the consumable-electrode shape followed by electroslag remelting and cooling in a copper



water-cooled mold. Wherein, the reinforcing particles were added during remelting of several
electrodes. Pure charge materials were used for melting electrodes. Reinforcing molybdenum
particles were obtained by grinding molybdenum billets of grade MSh-1 (TU 48-19-73-86) in a
planetary mill.

Four NizAl-based alloy electrodes were produced by the method of open induction melting as a
result of the work. The first two electrodes (No. 1 and No. 2) were subjected to standard electroslag
remelting. The second two electrodes (No. 3 and No. 4) were subjected to electroslag remelting with
the addition of molybdenum powder to the crystallizer during electroslag remelting. The piercing
plugs were made of all the ingots produced. These piercing plugs have been tested when piercing bars
of corrosion-resistant steel grade 08X18HI10T-111. Seven bars were sewn through the piercing plug of
the ingot No. 1. Six bars were sewn through the piercing plug of the ingot No. 2. Eleven bars were
sewn through the piercing plug of the ingot No. 3. Twelve bars were sewn through the piercing plug
of the ingot No. 4. The obtained results showed that durability of the Ni3Al-based alloy piercing plugs
can be increased by 76 % when piercing bars of corrosion-resistant steel grade 08X18HI10T-111. It is
due to the increase of the heat resistant properties of the alloy by the reinforcing molybdenum
particles introduced during the process of electroslag remelting.

K1roueBble ¢10Ba: TPOIIMBHAS ONPABKa, ITOTIEPEYHO-BUHTOBAS MpoKaTKa, Ni3Al, )kaporpoyHOCTb,
08X18H10T-I1.

Keywords: piercing plug, cross-screw rolling, Ni3Al, high-temperature strength, 08X18H10T-111I.

VK 621.833.061
DOI 10.22213/2410-9304-2017-3-22-33

O. B. Manuna, noxrop texunyeckux Hayk, VbkI'TY umenn M. T. Kanaummukosa (O. V. Malina,

dsc in Engineering, Professor, Kalashnikov ISTU)
O030p MeTOI0B CHHTE3a MOJAeIN KJacca CIMPOUAHBIX PEeIYKTOPOB ISl MHTE/IEKTYalbHbIX
CAIIP. Yactp 2. PazBuTHe MeTOM0/I0THH CHHTe3a 0000menHoil Mmoaeu (Review of Methods
for Synthesis of the Model of Class of Spiroid Gearboxes for Intelligent CAD Systems. Part 2.
Development of Methodology for Synthesis of the Generalized Model)

Heobxooumvim ycrnoguem co30anusi UHMeNIeKmyaibHOU CUcCmembl asmoMamu3ayuu KOHCMpyK-
MOPCKOU OessmeNbHOCMU, NO360AI0Uell He TOJILKO 8bINOIHAMb 2paguieckue pabomsl, omoebHbie
UHDICEHepHble pacuempl Ul OOKYMEHMUPOBAaHuUe, A8IAemcs co30anue 0600ueHHol Mooelu Kuacca
KOHCMPYUpyemvlx 00beKmos, CoXpanaoujeti KOHCMpYKMOopCKULl Onvlm 6 8ude OMmoeibHbIX MexXHU-
YeCKUX peuleHuti KOHCmMpYKYuil uzoeiuil, ux y3108, cOopox, noocoopox u demaJetl.

Yem cnoocnee 00vexkm, mem 60bULE BOZMONCHBIX MOOUDUKAYULL €20 KOHCIPYKYUU MOdHCem Dblmb
peanuzosano. Hcnonvzosanue 6 kavecmee 6a308020 ancopumma QyHKYUOHUPOBAHUS CUCEMbL d6-
MOMAMU3UPOBAHHO20 KOHCIMPYUPOBAHUSA ANOPUMMA KOMOUHAMOPHO20 nepebopa mpebyem ghopmu-
POBAHUSA UCXOOHO20 MHOMCECMBA KOHCMPYKMUBHBIX JJIEMEHMO8 U 0COOEHHOCMeElU UX UCNOHEeHUS, HA
Komopom 6yoem ocyujecmeien nepeoop.

Dopmuposanue yKa3aHHO20 MHONCECMEA Modcen Oblmb Peanu308aHO DA3IUYHLIMU MEmMOOamu,
OMIUYAIOWUMUCS NO YDOBHIO HAIAOHOCMU, 3AWULEHHOCU OM OuuUOOK, uzdbimoynocmu. basosvim,
be3ycnosHo, A61Aemcs 2paghosvill Memoo, ONUCAHHDIL 8 NEPBOLL Yacmu CIMAmbl, Ha KOMOPOM UCXOOHO
ObL1 paspaboman aneopumm NHOCMpPOeHUs KIACCUGUKAmopa Kiacca cnupouonsix pedykmopos. Cnoxc-



HOCMb hopmanuzayuu OAHHO20 Memooa HAMOJIKHYIA aemopa Ha e2o moouguxayuro. Tak dviiu pazpa-
bomanvl MabIuuHbIL, 2papho8o-MadIUYHBIL U MAMPUYHBLL MEMOObL NOCMPOEHUS MOOETU KIAcca Chu-
POUOHBIX PedyKMOopos.

Ocobennocmob nepgoeo memooa coCmounm 8 mom, Ymo uepapxuiecKas Cmpykmypa KOHCmMpYK-
yuu 0b6vexma npeocmasiiemcs 08yMepHol maobauyeil, ¢ NOMOWbIO KOMopou 00obueHue ungpop-
mMayuu udem KoppeKkmuee, NOCKOIbKY OUeGUOHee 6blOeleHUe HeoDA3AMeNbHbIX KOMNOHEHMO8
koucmpykyuu. I pagoso-mabaiuunviii Memoo s6aaemcs cumoOuozom epagosoco u madauyHO2Oo
Memooa, COXpaHsem HA2IAOHOCMb CIMPYKmMyp U obecneuugaem KOpPeKmHOCmMb ONUCAHUS (DYHK-
YUOHATILHBIX dNIeMeHmo8. B cuny couemanus naensonocmu u npocmomsl pedaiuzayuu cpagposo-
MAOIUYHBIL MeMOO MAKCUMATbHO UCKAIOYAem nomepro ungopmayuu. Mampuyunviii memoo oco-
OeHHO akxmyaneH, Ko20a CMPYKmMypa UCX0OHbIX KOHCMPYKYUll Oojiee CLONCHASL, NOCKONbKY OAHHbLI
Memood no36ojsem KoppeKmuo obpabomams HeoOs3amenvHble GePULiHbL 2PYNNOBOL NPUHAONENC-
HOCMU U (paHmoMmol.

The necessary condition for development of the intelligent system of computer-aided designing
activity allowing not only to implement graphic works, individual engineering analysis or docu-
menting, is the development of the generalized model of the class of designed objects keeping the
designer’s experience as individual technical solutions of layouts for the products, their units, as-
semblies, sub-assemblies and parts. The more complex the object is, the greater number of possi-
ble modifications of its layout can be implemented. Application of the algorithm of combinatorial
search as the basic algorithm of functioning of the CAD system requires generation of the initial
set of design elements and features of their application to implement the search. Generation of the
pointed set can be implemented by various methods differing by the level of demonstration visibil-
ity, protection from errors, and redundancy. The graph method described in the first part of the
paper is certainly the basic one, for which the algorithm of developing the classifier of the class
of spiroid gearboxes was initially created. Complexity of formalization of this method stimulated
the author to modify it. Therefore, the table, graph-and-table, matrix methods of developing the
model of the class of spiroid gearboxes were created. The feature of the first method is that the
hierarchic structure of the layout of the object is represented as a two-dimensional table accord-
ing to which the generalization of information becomes more correct, since singling of non-
obligatory components of the layout becomes more evident. The graph-and-table method is a
symbiosis of the graph and table methods, it keeps the demonstrative feature of structures and
provides for the correct description of functional elements. Due to combination of its demonstra-
tive features and simplicity of implementation, the graph and table method eliminates the loss of
information to the most. The matrix method is especially urgent when the structure of initial lay-
outs is more complex, since this method allows for correct processing the non-obligatory apexes
of group belonging and phantoms.

KiroueBble cj0Ba: METOABl TIOCTPOCHHS  OOOOIIEHHOW MOJeNu: TaOIW4HBINA, TpadoBO-
TaOJMYHBINA, MATPUYHBIN; HEOOS3aTeIbHBIC BEPIINHBI TPYIIOBON MPUHAICKHOCTH, (PaHTOMBI.

Keywords: Methods for construction of the generalized model: table, graph-and-table, matrix;
non-obligatory apexes of group belonging, phantoms.
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IIpoexTHpoBaHue onepauuii NLUIM(OBAHUS HA OCHOBE MO/IEJIMPOBAHUS C IPUMEHEHHEM HCKYC-
cTBeHHOM HeiipoHHO# cetn (Design of Grinding Operations on the Basis of Modeling with
Application of Artificial Neural Network)

Togvluenue sgpghexmusnocmu npouzBo0Cmea 60 MHO2OM ONpeoesisemcs IManom NPoeKmuposa-
HUs u30enull U MexHOIOSUYeCKUX HNpPOYecco8 ¢ UCNOIb308AHUEM COBDEMEHHBIX NPOSPAMMHBIX
cpeocms asmoMamu3upo8aHHo2o npoexmuposanus. Omcymcemeue YHUBEpCalbHbIX Mamemamude-
CKUX MOOenel, ONUCLIBarowWux wiugosanue, 00yciosnusarom Heooxo0UMocms NOUCKA HOBbIX NOOXO-
008 U Memoo08 onucanus u gopmanuzayuu 0anHozo npoyecca. ClodcHocms peuienus 3motl 3a0auu
obycnoenena, npescoe 6ce2o, MHO20QAKMOPHOCMbIO NPOYecca U 8ePOAMHOCHHbIM XAPAKMEPOM
NpOMeKaroOWUx A61EHUL.

Co30anue yHUBepCanbHOU MamemMamudecKol Mooenu npoyecca wiugosanus, no3eosoujeti onpe-
oensims napamempvl UHCIPYMEHMA U PEeHCUMA 00padOmMKU, 803MONCHO HA OCHO8E NPUMEHEHUs Helpo-
cemesoz20 npocpamMmuposanus. B cmamve npednacaemcs 0ns peutenusi 3a0a4u 8 YClo8UAx Heonpeoe-
JIEHHOCMU UCNONb308aMb UCKYCCMEeHHYI0 HelpouHylo cemb (MHC), ocrhosnas cnodxcHocms pabomsi ¢
KOMOPOU C85A3aHA C NOCMpOeHuem U ooyuenuem cemu. [is1 MoOenuposanus npoyecca wiugoeanus no-
cmpoena MHC, 6 kauecmee pynkyuu axmusayuu Komopotl OblLl UCNOIb308AH 2UNEPOOTIUYECKULL MAH2EHC.
IIposedennvle uccnedo8anusi NOKA3ANU 803MONCHOCHb NOCMPOEHUs cemu Ha 6 HEUpOHAX 6 CKPbIMOM
cnoe. Oyenka pe3yibmanmos padonvl HEUPOHHOU Cemu, CMPYKMypa KOMopou cOCMoum u3 mpex cloes:
6X0OHOU — 7 HEUPOHOB-PEYEenmopos, CKpblmbill — 6 HEUPOHOB, 8bIXOOHOU — 6 HEUPOHO8 — NOKA3AA, YMO
noepewrocms 00yuennou MHC nescum 6 ouanazone om 0,1 0o 2 %.

Ilocmpoenue moodenu exnouaem credyouue dSmManvl. 3a2py3Ka 6 cucmemy oby4arouwux Maccusos
OQHHBIX, pacuem napamemposg 6yoywel Mooeiu, aHAIU3 UCXOOHbIX OAHHBIX U 6861600 UHGOpMAYUU O
Kayecmee 00y4aiouux Maccusos, co3oanue cmpykmypol u obyuenue netipouHou cemu. Paspaboman-
Hasi MOOeNb NOJIONCEHA 6 OCHOBY CUCHEMbl ABMOMAMUSUPOBAHHO2O NPOEKMUPOBAHUSL DENCUMHO-
UHCIPYMEHMATLHO20 OCHAWeHUSl ONepayull N0CK020 WAUGO8aHUs, COCMoawueli U3 HeCKOIbKUX MOOY-
qeu: «Mooenuposanuey, «Cozoanue mooeneily, «Apxus mooeneiy, «Auanuzamopy, «Cnpasounuxy,
«Ilonvz06amenvcruii unmepgheicy.

Hcnonvzosanue cneyuanusuposannou CAIIP onepayuii winugosanus ¢ 603mMoicHOCmAMU a8moma-
muzayuu 6bl60pa adpasuUHO20 UHCMPYMEHMA U Napamempos npoyecca, CO30AHHOU HA OCHO8e Mame-
mamuyeckoli mooenu ¢ ucnonvzosanuem MHC, cnocobcmeyem nogvluienuro Kauecmea u COKpaujeHuo
8pemenU NPOEeKMUPOBAHUS.

The increase in production efficiency is largely determined by the design stage of products and
technological processes using modern computer-aided design tools. The absence of universal mathe-
matical models describing grinding necessitates the search for new approaches and methods for de-



scribing and formalizing this process. The complexity of the solution of this problem is due primarily
to the multifactority of the process and the probabilistic nature of the phenomena taking place.

Creation of a universal mathematical model of the grinding process, which allows to determine the
parameters of the tool and the processing mode, is possible on the basis of application of neural net-
work programming. The paper proposes to use an artificial neural network (ANN) in order to solve
the problem under uncertainty, the main difficulty of work with which is connected with the construc-
tion and training of the network. To model the grinding process, an ANN was constructed, the hyper-
bolic tangent being used as the activation function. The conducted studies showed the possibility of
building a network on 6 neurons in a hidden layer. Evaluation of the performance of a neural net-
work, the structure of which consists of three layers: an Input one - 7 neuron-receptors, Hidden - 6
neurons; QOutput — 6 neurons, showed that the error of the trained ANN lies in the range from 0.1% to
2%.

The construction of the model includes the following steps: loading into the system of training data
arrays; calculation of the parameters of the future model; analysis of initial data and output of infor-
mation about the quality of training arrays, creation of structure and training of neural network. The
developed model is used as the basis for the automated design of the regime-tool equipment for flat
grinding operations, consisting of several modules: Modeling, Model Development, Model Archive,
Analyzer, Reference, User Interface.

The use of specialized CAD of grinding operations with the possibilities of automating the choice
of abrasive tools and process parameters, created on the basis of a mathematical model using ANN,
contributes to improving the quality and reducing design time.

KawueBbie cioBa: mnporecc numdoOBaHUs, KOMIBIOTEpHAS MOJIENb, UCKYCCTBEHHAs HEHpPOHHAS
CeTh.

Keywords: grinding process, computer model, artificial neural network.
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AHaJIM3 NOrpelIHoOCTeld JIIMHHBIX OTBEPCTHII U METOA0B UX KOHTPOoJiA (Analysis of errors of
long holes and methods for their control)

C yenvio uccnedosanus 61UAHUA OMOEIOYHBIX U KOHEUHBIX ONePayull Ha 2eoMempuio Cmeod on-
peoeieHbl NPUHYUNDBL PAbOMbl CO30A8AEMO20 MOOUTLHO20 MEXAMPOHHO20 YCIMPOUCIEA.

3aoaueit uzobpemenus saensiemcs anpobayusi npeodnazaemo20 Cnocodoa usmepeHus ouamempa
KAHAIa CmMeod, Ha OCHOBe KOMOPO20 MONMCHO CO30amb 2AMMy YCMPOUCME, NPU2OOHbIX OJis NPose-
O0eHUsl KOHMPOJsL CMBOJI08 N00bIX Kanubpos. OOHUMU U3 NPe0bABIseMblX MpebOoBaHUll K YCmpoli-
CM8Y AGNAMCI HUKASL CIMOUMOCb, 001208€4HOCHIb, NPOCMOMA NPOYecca UsmMepeHusi npu coxpa-
HeHUU 8bICOKOU MOYHOCHIU.



Texnuyeckuii pe3yibmam — NOGblUEHUE MOYHOCMU USMEPEHUll NPU YMEHbULeHUU CIMOUMOCMU
usmepumenbHo20 000pPy008aHuUsl, 8blsAGleHUE 0epheKmos ouamempa Kanaia cmeoJd.

B cmamve npuseden ananuz napamempos, iusOWUX HA KYYHOCMb U MOYHOCMb CMPENbObL.
Paccmampusaromes cospemennvle ycmpoticmea u cnocoovl usmepeHusi OIUHHBIX OMEEePCmUll C
Mmaxpopenveghom. B dannoll cmamve paccmompensl Haubojiee usgecmuvle usmepumenbHole npubo-
pbl. /s HaenaoHocmu yempoucmea npedcmasieHvl 8 CPAsHUMeNbHOU mabauye, 8 KOMopou yKkasa-
HbL: YYBCMBUMENbHBLL INeMeHM, KOMIIeKmylouue, npeumMyuecmea u HeOoCmamxku.

Paccmampusaromes damuuku, pabomaiowjue no paziuuHbiM NPUHAKAM, C NOMOWBIO KOMOPbLIX
Modxcem Oblmb peanuzo8ano paspabamvléaemoe ycmpoticmeo. Taxdwce npueedeHa CpasHUmMeNbHAs
mabnuya 4yecmseumesnbHuiX 1eMeHmos, 20e pacCMampusaromcs NPUHYUn pabomol, npeumMyujecmea u
Hedocmamxku. Ha ocnoge ananuza oomum u3z nepcnekmugHvlx U008 UMepeHus napamempos omeep-
CMuUsl ¢ ManblM OUAMEMPOM SGNAENC KOHMAKMHbLUL Memoo, OCHOBAHHbIL HA NPUMEHEHUU 8 Kauecmee
YY8CMBUMENLHO20 dNleMeHma nve3o0amuuxd. Cmoumocms usmMepumenbHo20 KOMIAEKCa He3HAYUmelb-
Has u mModcem ObiMb U320MOBNIEHA 8 OOLUIOM KOIUYeCmsee no OOCHYNHbIM OJisl NPOCMO20 Nompeou-
mens yenam. C mouKu 3peHusi npOMbIULIEeHHOCIU 1e20K 6 uzeomosnenuu. Hanuuue maxozo ycmpoticm-
84 N0O360UM NPOBECMU KOHMPOb NAPAMEMPO8 KAHALA CMBOJA KAK POCCULICKUX, MAK U 3apyOedHCHbIX
npousgooumenetl, 015 NPOBeOeHUs. AHAU3A, CHYCM HeKOMOopoe 8peMsl, NO360AUM YCMAHO8UMb, KAK
NPOUCXO0UM UBHOC KAHANIA CMBOJIA 80 8PEMsL €20 IKCNILYAMAayul, U 8blA6UMsb 3aKOHOMEPHOCb USHOCA.

In order to study the influence of finishing and final operations on the geometry of the barrel, the
principles of operation of the mobile mechatronic device being created are determined.

The aim of the invention is to test the proposed method for measuring the diameter of the barrel
bore, on the basis of which it is possible to create a gamut of devices suitable for monitoring bar-
rels of any caliber. One of the requirements for the device is low cost, durability, simplicity of the
measurement process while maintaining high accuracy.

The technical result is an increase in the accuracy of measurements with a reduction in the cost
of measuring equipment, detection of defects in the diameter of the barrel bore.

The paper gives an analysis of the parameters influencing the density and accuracy of firing. Modern
devices and methods for measuring long holes with macrorelief are considered. In this section, the most
famous measuring instruments are considered. For clarity, the devices are presented in a comparative
table, which indicates: the sensor element, components, advantages and disadvantages.

Sensors working on different grounds are considered, with the help of which the device under
development can be realized. A comparative table of sensing elements is also given, where the prin-
ciple of operation, advantages and disadvantages are considered. Based on the analysis, one of the
promising types of measurement of the parameters of a hole with a small diameter is the contact
method based on the use of a piezoelectric sensor as a sensitive element. The cost of the measuring
complex is insignificant and can be made in a large number, at affordable prices for a simple con-
sumer. From the point of view of the industry it is easy to manufacture. The presence of such a de-
vice will allow monitoring the parameters of the barrel channel of both Russian and foreign manu-
facturers, for analysis, after some time, it will be possible to establish the wearing process of the
barrel bore during its operation and to reveal the regularity of wear.

KiroueBble cj10Ba: KOHTAKTHBIN METO/I, YyBCTBUTENIbHBINA 3JIEMEHT, H3MEPUTEIBHOE YCTPOUCTBO
KaHaJia CTBOJIA, [UTMHHOE OTBEPCTHE C MAJIBIM JTUAMETPOM.

Keywords: contact method, sensor, measuring device of the barrel bore, long hole with small di-
ameter.
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Pa3zBuTHe TepMUHOJIOrHH B 00JIaCTH 3y04aThIX nepenad u Tpancmuccuii. Yacrs 3. Unenrnduka-
M MOHATHUI 0 BUIAM NoBpexkaeHui 3y0uarbix KoJec (Development of Terminology in Gearing
and Power Transmissions. Part 3. Identification of Notions on Gear Failure Modes)

U3zno01cenvl pesyiomamel aHanu3a HOPMAMUBHBIX UCTOYHUKOB NO 8UOAM NOBPeXCOeHUll 3youa-
mulx Kojec u paspabomku Meoswceocyoapcmeennozo cmanoapma [6] no ux kraccuguxayuu u onuca-
Hut0. B obopom exniouenvl pazHoobpasHvle uHpopmayuonuvie ucmoynuxu — Mescoynapoonwiil ISO u
nayuonanvhvle (AGMA, DIN) cmanoapmei; HOpMamugHwlii OOKYMEHM HeMeyko20 KOHYEePHA
«Zahnradfabric Friedrichshafer AGy ¢ onpedenenusmu mepmuHo8, ux XapaKxmepucmux U NPUYUH,
BbI3BIBAIOWUX  NOBPEHCOeHUs, amaac «AHAIU3 6U008 NOBPEHCOCHUU» AMEPUKAHCKOU  upmbl
«Geartech», memoouueckue yKazanus no pacyemam u UCNbIMAHUAM HA NPOYHOCMb K KIACCUGDUKA-
Yyuu 8U008 U3IOMO8 MEmAllos, a MaKdxice pe3yromamvl cobcmeeHnvlx uccireoosanuu. Onucarnvl
NPUHYUNDL, NOTONCEHHbIE 8 OCHOBY KIACCUPUKAYUU, — OMHECEHUe MOo20 ULU UHO20 NOBPENHCOEHUs. K
onpeoeneHHoMy Kiaccy, obwemy 6udy, sudy u cmenenu nogpedicoenus. B obweil croscnocmu no-
8pPEAHCOCHUSL KNACCUDUUUPYIOMCS NO 76 HAUMEHOBAHUAM KIAACCO8, BUO08 U CeneHell NOBPEeHCOeHUs.
Ilo0pobHo onucamsl KonudecmseHHble NOKA3AmMenu YCmaioCmHo20 SbIKPAWMUBAHUS pAOOYUX NOGEPX-
Hocmell 3y0be6 — CMeneHb bIKPAWUBAHUS NO NOBEPXHOCMU U 2TIYOUHE, CMeNneHb UCKAXCeHUs: Npopu-
JISL U PACNPOCMPAHEHUs. 8bIKDAUUBAHUS, CMAOUU €20 PA3BUMUS, NAPAMempbl U XAPAKMEPUCMUKY,
maxoice pacuemmvle Gopmynvl 0 ux onpeoenenus. B zaxmouenue no0eoosmes umoau 0esimenbHo-
cmu no udenmuguxayuu u Kiaccugurayuu ROHAMuULL 8 0o1acmu 3y04amulx 3ayenienull u nepeoad.

Results of analysis of normative sources on gear failure modes and elaboration of Interstate Stan-
dard [6] on their classification and description are discoursed. Manifold informative sources are in-
volved in turnover — International ISO and national (AGMA, DIN) standards; normative document of
the German Group company ‘“Zahnfabric Friedrichshafen A.G.” with term definitions, their character-
istics and causes, accessing failures; atlas “Analysis of gear failures” of USA firm “Geartech”; me-
thodical instructions on the computations and testing on strength and classification of metal breaking



modes, as well as results of own or authors investigations. The principles, assumed in the base of classi-
fication — attribution of one or another failure to the definite class, common mode, specific mode and
degree of failure — are described. All together failures are classified on 76 designations of classes,
modes and degrees ones. Quantity parameters of fatigue pitting of the gear tooth working surfaces and
in depth, the degree of tooth profile distortion and pitting dissemination, stages of their developing, pa-
rameters and characteristics, as well as calculating formulae for their determination are considered in
details. In conclusion, results of activity on identification and classification of notions in the field of
gearing and gear transmissions are summarized.

KawueBble ciioBa: 3y0uaTas nepenada, 3youaroe KOJIeco, TSPMUHOJIOTHSI, KITacCH(DHUKAIUS BHIOB
TTOBPEIKIACHUH, KITACCHI MMOBPEKICHUH, OOIINI BUI TIOBPEKICHHS, BH]] TOBPESKICHUS, CTCIICHb TIOBpE-
YKJICHVSI, KOJTMYCCTBECHHBIC TIOKA3aTeI M TOBEPXHOCTHOTO YCTAJIOCTHOTO BBIKPAIIIMBAHMSI.

Keywords: gear drive, terminology, classification of gear failure modes, classes of damage, common
modes of damage, specific modes of damage, degree of damage, quantity factors of tooth flank pitting.
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HN3MepuTENbHO-BBIYMCINTEIbHBIH  KOMILIEKC «TBepaoTeqbHbIi  BOJHOBOI TI'HPOCKOID)
(Measurement Calculation System “Solid-state Resonator Gyroscope”)

B cmamwbe udem peusb 06 uzmepumenvHom npudope — meepoOomenbHOM 80IHO80M cupockone. Pa-
boma npubopa ocHosana Ha 3¢ghexme unepmuocmu cmosiuux 0aH. TeepOomenbHblil BOIHOBOU 2UPO-
CKON paccmampusaemcst ¢ 08YX CMOPOH. KAK CAMOCMOSMENbHbLI USMEPUMENbHO-GbIYUCTUMETbHbLLL
KOMNJIEKC U KaK 0amuuKx HeKomopou uHepyuanoHou cucmemuvl. Cmpykmypa meepoomenbHO20 80HO-
8020 2UPOCKONA NPedCmasieHa 6 8Uoe 83AUMOCEA3AHHBIX DNEMEHMOB: PE3OHAMOP, USMEPUMENbHAs
KOMNOHEeHmMA, YIPAasIAowds KOMNOHEHMA, GbIYUCIUMENbHASL KOMRNOHEeHmA. Ananuzupyemcs cmpyK-
mypa npubopa, paccmampusaomcs e2o noocucmemsvl u ux ceazu. Mccireoyromes pasiuunvle munsi
KOHCIMPYKYULL pe30HaAmopd, 60NpoCbl MAMeMamuyecko2o Mooeauposanus pezonamopa. Paccmampu-
8arOMCs AGNEHUSL, YXyoularouue moyHOCmsy npubopa, maxue Kax opelqh 60Hbl, HETUHEHOCMb U WYM
BbLIXOOH020 CUCHANA. AHATUUPYIOMCS NpuduHbl nosigieHus opetigpa. OOHA U3 OCHOBHBIX NPUYUHA
opetiha — KoHCmpYKYUoHHOe demnuposanue. H3yuaromes 60npocbl MOOEIUPOBAHUsL Pe30OHAMOpPa ¢
Vuemom KOHCMPYKYUOHH020 Oemnguposanus. Onucvléaromes pasiuyHvle munsl 0am4uKkos u cucmem
cvema Ha ux ocHose. Paccmampusaemcs usmepumenvhas KoMNOHEeHMA Kak cucmema 0iist Habarooe-
Husi a¢ppexma Bpaiiana. ObocHosvisaemcss HeOOXOOUMOCMb YOPMUPOBAHUE CUSHANO8 8 CUCmeMe
cvema 0nsi OONOJTHUMENbHO20 HabmoOeHus: depopmayuu pezonamopa 6 mecme kpennenus. Pac-
CMampueaomcs 6ONPOCHL YNpasieHus OUHAMUKol pesonamopa. Ilpugooamces pasznuynbvie KOHMYpPbl
VApasieHus, Komopule NO360510M NOLYYUMb HeobXooumbvle xapakmepucmuxu npubopa. Onucwviéa-



FOMCs. MOYHOCHHbIE napamempul. AHATUZUPYIOMCSL 3A8UCUMOCTIU MOYHOCIHBIX NAPAMEMpPos8 meep-
00MENbHO20 BOIHOB020 SUPOCKONA OM PA3IUYHBIX (hakmopos. Onucvlearomcs HanpasieHus NOGbLUUe-
HUSL MOYHOCIU MBEPOOMENLHO20 B0IHOBO20 CUPOCKONA U cucmem Ha e2o ocHoge. Cmasumcs obwas
3a0a4a NoGvlueHUs MOYHOCIU NPUOOPA 3a cyem yuema KOHCMPYKYUOHHO20 0eMN@UpO8anUs 8 Mo-
Oenu pe3oHamopa, usmMepeHus GeIUdUH, Xapakmepusyiouux KOHCMPYKYUOHHOe OeMnguposanue, u
peuwenus 3a0ayu pedykyuu TBI k udeanvnomy uzmepumenbHomy npuoopy.

The paper considers a measuring device — the Solid-state Wave Gyroscope. Operation of the device
is based on effect of inertness of standing waves. The Solid-state Wave Gyroscope is considered from
two parties as the self-contained measuring computer system, and as the sensor of some inertial system.
The structure of the Solid-state Wave Gyroscope is presented in the form of the interdependent ele-
ments: the resonator, the measuring component, the operating component, the computing component.
The structure of the device is analyzed, its subsystems and their communications are considered. Vari-
ous types of designs of the resonator, questions of mathematical model operation of the resonator are
considered. The phenomena worsening the accuracy of the device such as wave drift, nonlinearity and
noise of an output signal are considered. The reasons of emergence of a drift are analyzed. One of the
main drift reasons is the constructional damping. Questions of model operation of the resonator taking
into account a constructional damping are studied. Various types of sensors and the systems of removal
on their basis are described. The measuring component as a system for observation of the Brian effect is
considered. The necessity to generating the signals in the system of removal for padding observation of
deformation of the resonator in the place of fastening is proved. Questions of controlling the dynamics
of the resonator are considered. Various controlling contours which allow for receiving the necessary
characteristics of the device are given. Accuracy parameters are described. Dependences of the accu-
racy parameters of the Solid-state Wave Gyroscope on various factors are analyzed. The directions of
increase in the accuracy of the Solid-state Wave Gyroscope and systems on its basis are described. The
general task of increasing the accuracy of the device due to accounting of a constructional damping in
the model of the resonator, measurement of values characterizing the constructional damping, and the
solution of a problem of reduction of SWG to an ideal measuring device is set.

KumoueBble cjioBa: M3MEpUTEIIBHBIN MTPUOOP, TBEPIOTEIbHBIN BOJIHOBOW THPOCKOII, H3MEPUTEIIbHAS
KOMITOHEHTA, YIPABJISONIas KOMIIOHEHTA, BBIYMCIHMTENIbHAS KOMIIOHCHTA, MOJEIh TBEPAOTEIBHOTO
BOJTHOBOT'O TUPOCKONA, PEAYKIHS K UIeaTbHOMY U3MEPHUTEIILHOMY TIPUOOpYy.

Keywords: measuring device, Solid-state Wave Gyroscope, measuring component, controlling
component, computing component, model of the Solid-state Wave Gyroscope, reduction to the ideal
measuring device.
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@®opMHUpOBAHHE MHOTOYPOBHEBOH KPUTEPHAJIbHOUH 0a3bl MPH NMPOEKTHPOBAHUM KOpPo0a ak-
KYMYJISITOPHBIX 3JIEMEHTOB YHHUBEPCAJbHONH MAIIHHBI TEXHOJOTHYECKOTO 3JIeKTPOTPAHCIIOP-
Ta (Development of Multilevel Criterion Base During Design of Battery Box for Multipurpose
Process Electric Transport Vehicles)

B cmamuve paccmampusaiomes HeKomopwvie 80NpoCchl NPeONPOEeKMHO20 AHANU3A 8 OMHOULeHUU
INEKMPUYECKUX KOECHbIX MAULUH, BbINOIHEHHO20 NpU NOO2OMOBKe NPOEeKMA YHUDUYUPOBAHHOU
MAWUHbL TMEXHOL0UYECKO20 NeKMPOMPAHCNOPMA HOB020 NOKONeHUs. B uacmuocmu, asmopul
00CMamoyHo NOOPOOHO UCCTIEOYIOM BONPOC AHATUMUYECKO2O0 CIMPYKIMYPUPOBAHUSL UCXOOHBIX 02Pa-
HUYeHull (Kpumepues) nPpoeKmupo8aHuss U ux GIUsAHUe HA KOHCMPYKYUIO 8 KOHMeKCme makoz2o 00si-
3amMenbHO20 KOMNOHOBOUHO20 2NEMEHMA COBPEMEHHOU KONECHOU INeKMPUYECKOU MEeXHUKU, KAK
3auUMHBLI KOPOO, NOZUYUOHUPYIOWUL AKKYMYIamopHble bamapeu. [Ipusedennas 6 cmamve MHO-
20YPOBHEeB8Asi CMPYKMYpa KPUMepuaibHoUu 6asvl npoeKmupo8anus 6 OMHOuWeEeHUU Kopooa akKymy-
JISIMOPHBIX bamapeti no36oisem Ha dmane npeonpoeKmHol npopabomKy KOHKpemu3upo8ams He
MONILKO UCKOMble 2eOMempuyiecKue U 8ecosble XapaKkmepucmuKku uzoenus, Ho U ONpeoeiumscs ¢
MUNOM AKKyMYISAMOPHLIX b6amapell, pasmewjaemvlx ¢ Hem. IIposedennvie npedsapumenbHvle UC-
C1e008aAHUsL NO3BONUNU ZHAYUMETLHO COKPAMUMb CPOKU U 00beM pabom 6 X00e BbINOIHEHUSI COONI-
gemcmsyrowezo smana npoekma. HMccredosanust npogedenvl npu noocomoske npoexkma «Paspa-
bomka u co30aHue 8blCOKOMEXHOI02UYHO20 NPOU3BOOCMEA YHUDUYUPOBAHHOU MAUUHBL MEXHON0-
2UYeCK020 3NIeKMPOMpPAHCRopmay npu GuUHaHco8ou noodepicke Munucmepemea obpazosanus u
nayxu Poccuiickoti @edepayuu.

In the paper some questions of the pre-project analysis are considered with regard to electric
wheeled vehicles made in the preparation of the project of a unified machine for technological elec-
tric transport of the new generation. In particular, the authors examine in detail the question of the
analytical structuring of the initial design constraints (criteria) and their effect on the design in the
context of an obligatory assembly element of modern wheeled electrical engineering, such as a pro-
tective box positioning the batteries. The multilevel structure of the criterial design base with re-
spect to the battery box in the paper allows us to specify not only the geometrical and weight char-
acteristics of the product at the pre-design stage, but also to determine the type of storage batteries
placed in it. Preliminary studies have made it possible to significantly reduce the time and scope of
work during the implementation of the relevant phase of the project. The research was carried out
in the preparation of the project "Development and creation of high-tech production of a unified
machine for technological electric transport" with the financial support of the Ministry of Educa-
tion and Science of the Russian Federation.

KiroueBble ci10Ba: KpUTEPHANILHBIN aHAIN3, MHOTOYPOBHEBAs CTPYKTypa, YHUBEpPCAIbHAS Ma-
ITMHA TEXHOJOTUIECKOTO AIEKTPOTPAHCIIOPTA, KOPOO aKKyMYJIATOPHBIX OaTapei.

Keywords: criterion analysis, multilevel structure, multipurpose process electric transport vehi-
cle, battery box.
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CoBpemMeHHasi aBTOMATH3MPOBAHHASI CHCTEMA /ISl OLIEHKH CKOPOCTH MepeMelleHUsl 3aTBopa
cTpeakoBoro opy:xkusa (Modern Automated System for Evaluation of Movement Velocity of
Firearm Bolt)

Oxcnepumenmanvhoe onpedenieHue XapaKkmepucmux nepemewieHuti Y3108 ademomMamuky 4pe3eol-
YAUHO BANCHO NPU NPOEKMUPOBAHULU CPEIK08020 Opyicus. B cmamve npednodcen cospemeHmbll
8apUAHmM peanu3ayuu asmomMamusupo8aHHoOU CUCEMbl, NPEOHASHAYEeHHOU Ol USMePeHUsl CKOpO-
cmu nepemeujetus 3ameopPHOL pambl CMPENIKOBO20 OPYIHCUSL.

IIposeden cpasHumenvubiti aHaIU3 CYyUECm8yIouux Memooo8 U yCmpoucme 0Jisl OYeHKU JTUHEUHbIX
nepemeweHull Y3108 CMpeIKo8o20 OpYiiCUs, ommedeHvl ux Hedocmamku. Bvinoinena oyenka MuHu-
MAIbHO He0OX00UMbBIX XapaKmMepUCmuK pecucmpupyouie2o YCmpoucmea u 0CywecmsieH e2o 8bloop.
IIpeocmaenena cmpykmypHas cxema cucmemsl, ONUCAHbL OCHOBHble npuHyunsl ee pabomul. Co30aH-
Hasl cucmema 80 MHO20M CXOOHA C ABMOMAMUSUPOSAHHBIMU CUCIIEMAMU HA OCHOBE CEEMOBbIX IKPA-
HO8, NpUMeHseMbIMU OJisL OYeHKU CKOPOCMU, OANIUCMUYecKo20 Kodhduyuenma u Opy2ux napamem-
pos nyav u cnapsaoos. llpeocmasnena gpopma cucHanos, nOIY4aemvix ¢ YOMoONPUeMHUKO8 U PecUchi-
pupyemvix cucmemou. Onucanvl B03MONCHOCMU pPA3PAOOMAHHO0 NPOSPAMMHO20 0OechedeHus:
BUBYAIU3AYUSL CUSHATI08, NOTIYYEeHUe CIAMUCMUYEeCKOU UHGOpMayuu no cepuu blICMpesios, coxpane-
HUe 8cex pe3yibMamos Ha HceCmKUll OUCK KOMNbIOmepQ.

Coz0annas cucmema nosgonsiem onpeoeniams CPeoHIol CKOPOCMb OBUNCEHUs 3AMBOPHOU PAMbL
CMPENIKOBO20 OPYIHCUS HA YUACKe USMePUMENbHOU 0a3bl 6 NPAMOM U 0Opamuom HanpagieHuu. Ilpu
9MOM Npeonazaembvlli 6apuUaHm pearu3ayuu CUCeMbl OMAUYAEMC CPAGHUMENbHO HU3KOU CIMOUMO-
CMbIo, NPOCMOMON U KOMRAKIMHOCIBIO.

The experimental determination of the movement characteristics of automation nodes is extremely
important in the design of small arms. In the paper the modern embodiment of an automated system for
measuring the velocity of movement of the firearms bolt carrier are presented.

A comparative analysis of existing methods and devices for estimating the linear movements of
small arms units has been carried out, and their shortcomings have been noted. An estimation of the
minimum necessary characteristics of the recording device was made and its choice was made. The
structural scheme of the system is presented and the basic principles of its work are described. The
created system is similar in many respects to automated systems based on light screens used to esti-
mate speed, ballistic coefficient and other parameters of bullets and projectiles. The form of signals
received from photodetectors and recorded by the system is presented. The possibilities of the devel-
oped software are described: visualization of signals, obtaining of statistical information on a series
of shots, saving of all results to the computer hard disk.



The created system makes it possible to determine the average speed of movement of the small
arms bolt frame on the length of the measuring base in the forward and backward directions. At the
same time, the proposed implementation of the system is characterized by relatively low cost, sim-
plicity and compactness.

KiroueBble c10Ba: CpeHSSI CKOPOCTh, 3aTBOPHAST paMa, CTPEIIKOBOE OpPYKHE, aBTOMATHU3HUPO-
BaHHAsI CUCTEMa, POTrPAMMHOE O0eCIICUeHHE.
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JdddexTUBHBbIE METOAbI MIOCTPOCHHUS AJTOPUTMOB IOMCKA HEHMCIIPABHOCTeH B HH(OPMaLMOH-
Hbpix cucremax (Effective Methods for Creation of Malfunction Search Algorithms in
Information Systems)

AxmyanvHocms ucciedyemoti npobiemvl 00YCl08IeHA mem, Ymo ONMUMAibHble aleopUummbl HOUCKA
HeucnpasHocmeti N0360JIAI0M 3HAYUMENbHO COKPAMUMb NOMepU Npu OMKA3ax UHGOPMAYUOHHbIX CUC-
mem. Bumecme ¢ mem Ha nymu nocmpoeHusi makux aneopummos HepeoKo O3HUKAION HENnpeoooIUMble
svluucaumenvuvlie mpyonocmu. OHu C8A3aHbL ¢ HEOOXOOUMOCMbIO COCABIEHU MAOIUYbL HEUCNPAs-
Hocmetl 0Jis1 KOHKPemHOU UHGOPMAYUOHHOU CUCTEMbL U HAXOHCOEHUS. ONMUMATBLHO20 AN20PUMMA cpe-
OU OZPOMHO20 KOIUHECMBA B03MONCHBIX ANIROPUMMO8 noucka Heucnpaernocmeti. Ilepsas uz smux npo-
Onem 6 3HAUUMENbHOU CIMeneHU HAULIA C80e pelleHUs 8 pe3yibmame NosAGNeHUs. MOWHBIX NPO2PaMM-
HbIX Cpe0Ccms MOOeUpOBanUs MeXHUYecKux cucmem. Bmopas no-npesicnemy ocmaemcs HepeuenHoll.
Lenw cmamovu 3axn04aemcs 8 mom, 4moosl NOBbICUMb IPHEKMUBHOCb MEMOO08 NOCMPOEHUS Al20-
PUMMO8 NOUCKA HEUCPABHOCHEl 8 UHDOPMAYUOHHBIX cucmemax. B cmamve npednodicenvl peuienus,
KOmopble ynpoujarom npoyecc NOCMpoeHUsi UCKOMbIX AlI20PUMMO8 Npu NPUMEHEHUU Memooa OUHAMU-
4ecK020 npocpammuposanus. Onmumuzayus 6e0emcs no Kpumepuro MUHUMYMA CPeoOHe20 8peMeHU no-
ucka neucnpagrnocmeti. Ilpeonosiceno pekyppenmuoe coomnouleHue, Komopoe He mpebyem nepeciema

6ep0}1mHocmeﬁ npu NOCNIEe008AMENbHOM HAXOMHCOCHUU MUHUMATOHO20 cpeOHeeo BpEMEHU NOUCKA Heuc-



npasHocmerl MemooOM OUHAMUHECKO20 Npozpammuposanus. Mamepuansl cmamou mozym 6vims no-
JIe3HLIMU CREeYUATTUCTAM 1O OOCTYHCUBAHUIO, KOHMPOIIIO U OUACHOCTUKE UHDOPMAYUOHHBIX CUCTHEM.

The relevance of the studied problem is caused by the fact that optimum malfunctions search al-
gorithms allow to reduce considerably losses at refusals of information systems. At the same time,
on the way of creation of such algorithms quite often there are insuperable computing difficulties.
They are connected with need of drawing up the table of malfunctions, for a concrete information
system, and finding the optimum algorithm among a huge number of possible malfunctions search
algorithms. The first of these problems substantially found the solutions because of emergence of
the powerful software for technical systems modeling. The second still remains unsolved. The pur-
pose of the paper is in increasing the efficiency of methods for creation of algorithms of malfunc-
tion search in information systems. In this paper solutions are proposed which simplify the process
of creation for required algorithms, when the method of dynamic programming is applied. Optimi-
zation is performed by criterion of a minimum of the average time for search of malfunctions. The
recurrence relation is offered, which does not demand recalculation of probabilities at consecutive
finding of the minimum average time of malfunction search by the method of dynamic program-
ming. Materials of the paper can be useful to specialists in service, control and diagnostics of in-
formation systems.

KawueBbie ciaoBa: 3)pGeKTHBHOCTh, METOIBI ONTUMHU3AIIUH, AJTOPUTMBI MMOMCKA HEHUCIPABHO-
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Pa3paborka uH(OpMANMOHHOM CUCTEMBbI JJIsl YMEeHbIIEHUsI 00beMa TEKCTOBOW MH(popManuu
B npouecce nHpopmanuoHHoro noucka (Development of an Information System for Reducing
the Volume of Text Information in the Process of Information Search)

B cmamve paccmampugaemcs 603M0HCHOCHb NPUMEHEHUS NOIb308AMENAMU CREYUATUSUPOBAH-
HbIX AN20pUMMOE OJIsl UHQOPMAYUOHHOU cucmemsl, obecneyusarowel cicamue auaiu3upyemou
MeKcmosoll ungopmayuu 6 npoyecce UHGOPMAYUOHHO2O0 NOUCKA. AKmyanvHocms pabomsi 0060c-
HOBbIBACNCA CIONCHOCBIO UHDOPMAYUOHHO20 NOUCKA, CBA3AHHO20 C peuleHueM NoIb308ameem
KOHKPEemHOU 3a0ayu U HeoOX00UMOCmbio nepepadomu Oonbuux 00bemo8 meKCmosblX OAHHBIX.
L]envio aenaemca cokpawenue obvema aHaIU3UPYemMol MeKCcmosou UHGOPpMaAYUU PyCccKOA3bIYHbIX
MeKCMo8 Npu COXpAHEeHUU UX CMbLCI080l cocmasasaowell. OnpedeneHvl 0CHO8HbIE QYHKYUOHATb-
Hble Y376l pazpabamuleaemoll UHGopmayuontol cucmemvl. Moodyav noucka cosnaderuii hopmupy-
em mexkcm, coCmosuuLl U3 HeCKOIbKUX ab3ayes, co0epiIcaujux 3a0anHvle noab308amenem noUcKo-



gble C08oCoUemanus. JJannvlil mekcm no 00veMy HAMHO20 MeHbUle UCXOOHO20 MeKCma U Ompa-
Jrcaem UCKOMYI0 norvzosamenem ungopmayuio. Mooynw cocamusi npeocmasisiem coboui umepayu-
OHHYIO NPOYedypy, NO3BONAIOWYI0 OONOTHUMETLHO YMEHbUUMb 00beM MeKCmA, 8bl0eeH bl NOJb-
308amenem 011 anaauza. B npeonacaemom nooxooe kaxcoomy cio8y npediodceHus npuceausaemcs
oyeHKa, onpeodesemas Ha OCHoge psaoa Kpumepues. Paspaboman epaguueckuti unmepghetic nonw-
3068amensi, UMEOWUL KOMRAKMHble pazmepul U YOOOHYI0 KOMNOHOBKY 21eMeHmos8. B pezynrsmame
NPUMEHEHUsL ONUCHIBAEMO20 NOOX00A OOCMULAENCSL CYWeCBEeHHOe YMeHbUleHUe 00beMd MeKCmo-
8ot ungopmayuu, obpabamvléaemoli NoIb308amMeNeM 8 npoyecce UHPOPMAYUOHHO20 noucka. /s
Oonbwe2o cokpaweHus obvema uHpopmayuu 6 danvHeluem npednoaasaemcs nposedeHue pa3pa-
OOmKU MOOYISL CHCAMUSL MEKCMA U €20 NPAKMUYECKAsl Peanru3ayus.

The paper considers the possibility of applying specialized algorithms for an information system
by the users that provides compression of the analyzed text information in the process of informa-
tion retrieval. The relevance of the work is justified by the complexity of information retrieval asso-
ciated with the user's solution of a particular task and the need to process large amounts of text
data. The goal is to reduce the volume of the analyzed text information of Russian-language texts,
while preserving their semantic component. The main functional nodes of the developed informa-
tion system are determined. The coincidence search engine generates the text consisting of several
paragraphs containing user-defined search phrases. This text is much smaller by volume than the
original text and reflects the information that the user wants. The compression module is an itera-
tive procedure that further reduces the amount of the text allocated by the user for analysis. In the
proposed approach, each word of the sentence is assigned an estimate, determined on the basis of a
number of criteria. A graphical user interface has been developed that has compact dimensions and
a convenient layout of elements. As a result of the described approach, a significant reduction in
the amount of text information processed by the user in the process of information retrieval is
achieved. To further reduce the amount of information in the future, it is proposed to develop a text
compression module and its practical implementation.

KiawueBbie ciioBa: o0paboTka TeKCTa, MHPOPMAIMOHHAS CHCTEMa, MMOMCKOBBIE CIIOBA, CXKATHE
TEKCTa, MHPOPMAIIMOHHBIN MOUCK.
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OnTuMu3zanus KOHCTPYKIUU (ppe3epHOro koMmOaiiHa Ha 0a3e JIYHOXO0/1a ¢ MOMOIIbI0 TeXHOJI0-
r'Md MMHUTAIMOHHOT0 IMHAMHYECKOro MoaeaupoBanus (Optimization of a Construction of the
Milling Combine on the Basis of a Moon Rover by Means of Technology of Imitating Dynamic
Modeling)



B pabome svinonnen cpagHumenvHulil aHaius 6apuanmos KOHCmMpyKyuu gpezeprHo2o komobatina,
CO30aHHbIX Ha Daze JYHOX00a Npu NOMOWU UMUMAYUOHHBIX pacyemos. Paboma opuenmuposana
Ha pazoden Pedepanvroll kocmuueckou npoepammsl Poccuu na 2016-2025 200v1 « Dynoamenmaib-
Hble KOCMUYecKUue UCCIe008aHUsY», CO2NLACHO KOMOPOMY npodiiema co30anus ppezeprHo2o Kkombaina
07151 NpoBeOeHUsl 2e0]I02UYeCKUX UCCTIe008AHULL HA NOBEPXHOCMU OPY2UX NIAHEem A6IAeMCcsa aKmy-
QNIbHOLL.

Lenvio uccneoosanus sA6naemcs oONMUMU3AYUA KOHCMPYKYUU (hpe3epro2o Kombauna, co30aHHO20
Ha 0ase JIYHOX00d, C NOMOWBIO MEXHONOUU CBEPXBbICOKONONIUCOHANLHO20 OuHamudecko2o 3D-
Mooenuposanusi. [[na 0ocmudicenus nocmasiieHHoll yeau Oblid UCNOIb308AHA MEXHON0SUYECKAs Yenoy-
Ka, YCI06HO pa30eneHHAs Ha HECKOJILbKO OCHOBHbIX JMANO8.

B cea3u ¢ mpebosamenvHocmyulo Kk pecypcam u cneyuguke 3a0a4 UMUmayuoHHoe Mooeauposa-
HUe NPOo8OOUNOCHL NPU NOMOWU ANNAPAMHO-NPOSPAMMHBIX KOMNILEKCO8.

Tonyuenvr pezynomamol 6 sude mooenei ghpezeproco kombatina u 1yHHou nosepxnocmu. Cozoan
UHMEPAKMUBHBIU CUMYIAMOP, QYHKYUOHUPYIOWULI 8 COBPEMEHHBIX NOTHOMACUIMAOHBIX MEXHONOUX
BUPMYANBHOU PeanbHOCMU 0151 00y4eHUs 0Yy0yuuUx 0nepamopos Npu bINOIHeHUU muccuil K Jlyue.

Coomeemcmayrowuti mpebdosanusmM npoeKmmubvlli 00IUK, NOJIYUEHHBIL UMEPAYUOHHBIM MEMOOOM
NPOEKMUPOBAHUS, MONCEM NPUMEHAMBCS 8 CUCEMAX UHDOPMAYUOHHOU NOOOEPHCKU HA BCeX dMma-
nax HCU3HEeHHO20 YUKIA U30elus.

IIpogedenue makux pabom saensemcsa HeOOXOOUMbIM YClO8UeM obecnedenus nepcnekmus npu-
MEHeHUsl cucmem MOOeNUpO8anUs KaK O NPO8edeHUs. IKCnepmu3, mak u 6 uHmepecax peueHus
NnepCcneKmueHbIX 3a0ad N0 KOHCMPYUPOBAHUIO KOCMUYECKOU MeXHUKU.

The work presents the comparative analysis of the options of a design of the milling combine
created on the basis of a moon rover by means of imitating calculations. The work is focused on the
section "The federal space program of Russia for 2016-2025 — "Basic space researches" according
to which the problem of creation of the milling combine for carrying out geological researches on a
surface of other planets is actual.

The research objective is optimization of a design of the milling combine created on the basis of a
moon rover by means of technology of ultrahigh and polygonal dynamic 3D modeling. For achievement
of a goal the technological chain which is conditionally divided into some main stages was used.

Due to the insistence to resources and specifics of tasks imitating modeling was carried out by
means of hardware-software complexes.

Results in the form of models of the milling combine and a lunar surface are received. The inter-
active simulator functioning in modern full-scale technologies of virtual reality for training of fu-
ture operators when performing missions to the Moon is created.

The design shape conforming to requirements received by an iterative method of design can be
applied in systems of information support at all stages of life cycle of a product.

Carrying out such works is a necessary condition of providing prospects of use of systems of
modeling, both for carrying out examinations, and in interests of the solution of perspective tasks of
designing of space equipment.

KiroueBble cjioBa: QpyHIaMEHTAILHBIE KOCMHUYECKHE UCCIICOBAHMSI, TTOJTHOMACIITAOHBIE TEX-
HOJIOTUY BUPTYaJIbHOU PEaTbHOCTH, PETOJUT, dKU3HEHHBINA ITUKIT U3CIIHS.
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YnpasieHue TPaHCHOPTHBIM po60TOM rojiocoBbiMu kKomanaamu (Transport Robot Control
by Voice Commands)

B cucmemax ynpasnenus cogpemeHHbIX poOomoe UCNONb3YemCs HeUemKas 102UuKd, HOIMomy yeie-
CO00pasHO Nooasamev KOMAaHObL YNPAGIeHUst pOOOMOM HA OCHO8E HEYemKOU JOCUKU, KOMOPAs NO360-
Jum pobomam 2¢hpekmusHo 8bINONHAMb NOCMABNEHHbIe 3a0ayu. B cmamve paccmampusaemcs ynpas-
JleHue MpaHCcnoOPmHbIM pOOOMOM 20J10COBLIMU KOMAHOAMU U MOOEIUPOBAHUE €20 OBUNCEHUSI 8 NPO-
epammnom npooykme Microsoft Robotics Developer Studio. [{na moodenuposanue O08udicerus
MPAHCNOPMHO20 poboma ucnoavb3osaics a3vik Visual Programming Language (VPL) — cpeda eu3zy-
AbHO20 NPOSPAMMUPOBAHUSL OJi CO30AHUS U OMIAOKU NPUodcerHuil. /sl pacno3Haganus 2010CO8bIX
KOMAHO UCNOIb3YemCsl NIAHUEMHbIIL KOMNbIOMED Ul MOOUTbHBIN Mele@OH ¢ ONepayuoHHol cucme-
Mol Android ¢ npunosicenuem, npu ROMoOwU KOMopo2o MONCHO YIPABIsMb POOOMOM C UCHONIb308AHUEM
unmepgetica Bluetooth. Paspabomana npocpamma, Komopas no3eoaum 4enogexy Ynpasisims pooo-
mom ¢ nomowpto peuu. Ilonyuena uzyanvras npoepamma YnpasieHust OBUNCEHUEeM MPAHCHOPIMHO20
poboma. [Ipuseden npumep MoOeUposarust poooma u e2o MmpaeKmopust OBUNCEHUsL C UCNOTb30BAHUEM
20110c068020 ynpaenenus. Paspabomannaa cucmema ynpasnenuss nozeonsiem ciedo8ams mpaHcnopm-
HOMY pobonty om 0O0HOU Yenesou MOUKU K OpY2oll ¢ UCNOTb30BAHUEM 20J0C08020 YNPAGIeHus. 3adaua
VApagieHust poOOMoOM € UCNOIb308AHUEM 20J0COB020 VNPAGICHUSl CYWECMBEHHO YNPOWAemcs, no-
CKOJILKY OHA NPAKMU4ecKu He mpebyem CneyuaibHuIX HA8bIKO8 om onepamopa. B koneunom cueme,
20710c060€ Ynpasienue 0o1esdum UCHOIb308aHUue poOOmMos 8 NPOMbIULIEHHOCIU, Oblmy U Opyeux 0o-
nacmsix. Ynpaensams MOA#CHO Oyoem He MOAbKO podomamu, HO U OpyeuMu YCmpoUuCmeamu, UMeruumu
MUKPONpOYeccopHoe ynpasieHue.

Fuzzy logic is used in control systems of modern robots, so it is advisable to submit robot control
commands based on fuzzy logic, which will allow robots to effectively perform the tasks set. The paper
discusses the transport robot control by voice commands and the procedure of its movement modeling
in the software product Microsoft Robotics Developer Studio. To simulate the movement of the transport
robot, the Visual Programming Language was used; it is a visual programming environment for creat-
ing and debugging applications. To recognize voice commands, you use a tablet computer or a mobile
phone with an Android operating system with an application that allows you to control the robot using
the Bluetooth interface. A program has been developed that will allow a person to control a robot
through speech. A visual program for controlling the movement of the transport robot has been ob-
tained. An example of robot simulation and its trajectory with the use of voice control is given. The de-
veloped control system allows to follow the transport robot from one target point to another using voice
control. The task of controlling the robot using voice control is greatly simplified, since it practically
does not require special skills from the operator. Ultimately, voice control will facilitate the use of ro-
bots in industry, everyday life and other areas. It will be possible to control not only robots, but also
other devices that have microprocessor control.

KumroueBble cJioBa: roj0coBbIe KOMaH/Ibl, TPAHCTIOPTHBINA pOOOT, yIIpaBJIeHHEe, MOJICIUPOBAHUE.
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