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IInanerapuasi mepenaya Ha 0a3ze JAMIVIOCKOrO 3alelIeHUs] € TPOMEKYTOUHBIMHU TeJaMu
(Planetary Gear on Basis of Diplane Meshing with Intermediate Bodies)

Paccmompena koncmpykyus u npeonoxcena Memoouka 2eoMempuiecko20 paciema u KuHema-
MUYECKO20 AHAIU3A OOHOU U3 PA3ZHOBUOHOCTEN NIAHEMAPHBIX Nepeday ¢ 3ayenyieHuem npomedicy-
MOYHBIX MeN-WAPUKO8 C YIyuueHHbMU xapakmepucmukamu [1]: evicokum KIIJ[ 3a cuem ymenn-
WeHUsi nomepb HA MpeHue, YBeIUUeHHOU HASPY30UHOU CHOCOOHOCMbIO 3d CYen MHO2ONAPHOCHU
3ayenienust, KOMNAKMHOCMbIO U M. O.

Inanemapnas nepedauwa cooepicum 08a COIHEYHBIX KOLecd, 80OUNLO, CAMeLIum u 08e cpynnvl
NPOMENCYMOYHBIX MEN-UAPUKO8, KOHMAKMUPYIOWUXCS C NOBEPXHOCIAMU 3Y0bes, GbINOIHEHHbIX HA
0bpaweHnblx Opye K Opy2y mopyesulx NOGePXHOCMAX CONHEeUHbIX Kolec u camennuma. [Ipu smom
Kaxcoas epynna npomedCymouHvlx mei-uapukos omoenbHo NO3UYUOHUPYIOMC U 00beOUHAIOMCS C
HOMOWbIO Cenapamopd, npedcmasisowe20 OUCK ¢ OMeepCmusimMu s Wapuxos. s uckuovenus
Haepy3Ku HA cenapamope OCU 3ayenjieHus 8 Kaxicool nape 3ayenieHuil, COCMagieHHOol COIHeYHbIM
KOJleCoM, CAmenLiumoM U Cenapamopom ¢ NPOMENCYMOYHbIMU METAMU-UUAPUKAMU, COBMEUWEHDL.

Ilpuseden uucnenuvili npuUMep 2eOMempudecKo2o U KUHEMAamuyecko2o pacuemos nepedayu. Ilo-
KA3aHo, 4mo cOOmeemcmayiouum no0bopom napamempos MOICHO C8ECMU CKOPOCHb CKOJIbICEHUs.
WApUKO8 OMHOCUMENLHO NOBEPXHOCHel 3Y0bes ONUZKOLL K HYJIIO.

The design is considered and the technique is proposed for geometrical calculation and the ki-
nematic analysis of one of kinds of planetary gears with meshing of intermediate bodies-balls with
the improved characteristics: high efficiency due to reduction of losses by friction, the increased
load ability thanks to multi-paired relationship of gearing, compactness, etc.

The planetary gear contains two sun gearwheels, the carrier, the satellite and two groups of in-
termediate bodies-balls which are contacted with surfaces of teeth arranged on the face surfaces of
sun gearwheels and the satellite turned to each other. At the same time each group of intermediate
bodies-balls are separately positioned and united with the help of the separator representing a disk
with openings for balls. To eliminate the loading on a separator of the meshing axis, in each mesh-
ing couple made of a solar wheel, the satellite and the separator with intermediate bodies-balls are
combined.

The numerical example of geometrical and kinematic calculations of the gear is given. It is
shown that the corresponding selection of parameters allows for reducing almost to zero the speed
of sliding of balls with respect to tooth surfaces.

KawueBble cjioBa: TUIaHEeTapHas Nepefada, MPOMEXYTOUYHBIE Tela, TeOMETpHs, KHHEMATHKa,
CKOPOCTh CKOJIBKEHUS, KOHCTPYKIIHSI.
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NHHOBAIMOHHBII MYTh Pa3BUTHS MPOU3BOACTBA CIUPOUTHBIX NMepeaay u pexykTopos (Inno-
vative Way of Developing the Production of Spiroid Gears and Gearboxes)

B cmamve Oaemcs onucanue paspabomxu meopuu npoekmupo8aHusi U NPAKMUKU GHeOPeHUsl
CRUPOUOHBIX nepedad u pedykmopos 6 Poccuu, nepeuucienvt 5mansvl UHHOBAYUOHHO2O PA36UMUS
npou3600Ccmea Cnupouonvlx nepedad u pedykmopos. Cmarnosnenue u pazgumue 3mo2o UHHOBAYU-
OHHO20 NPOU3BOOCMBA CONPOBONHCOALOCH PAPAOOMKOU HOBLIX MEeMOO008 pacuema nepeoay u pe-
OYKMOopo8, pabomarowux 8 yCio8usax dKCHIAYAmayuu npuso0os mpyoonposooOHOU apmamypul, pas-
PabomKou YHUDUYUPOBAHHBIX KOHCMPYKYULL PEOYKMOPOS8, MACULMAOHBIMU IKCHEPUMEHMATbHbIMU
UCCIe008AHUAMU, KOMOPLIM NPeOUlecmeosano CO30aHUue COOMEemcmeayowe20 UCHbIMamenbHO20
000pY008aAHUS, A MAKMHCE CO30AHUEM U OCBOEHUEM NPOSPECCUBHOU MEXHOL02UU U320MOBIEHU, 2d-
panmupyioujeti 8bICOKOe Kayecmeo uU30eiull u peHmadeibHOCmy Ux npou3800Cmea 8 yCio8UsaxX Jce-
cmkot Koukypenyuu. Ilokaszano, 4umo uMeHHO UHHOBAYUOHHASL NOOOEPIHCKA OKA3ANAd peuaiujee
3HayeHue Ha Mo pasgumue, 61a200aps KOMOPOU y0aioch co30amb 00HO U3 8e0yUWUX Npeonpu-
AMuUtl 0151 NPOU3BOOCMBA HAYKOEMKUX UMNOPMOZAMEUAOWUX pedyKkmopos mpyoonpoeooHoll ap-
Mamypul, He UMEIOWUX aHAI0208 8 MUPOBOL NPAKMUKE.

The paper presents the description of the development of the theory of design and practice of im-
plementation of spiroid gears and gearboxes in Russia. Stages of innovative development of spiroid
gears and gearbox production are described. Mastering of this innovative production has been ac-
companied by the development of new methods for calculation of gears and gearboxes operating
within extreme conditions for pipeline valves, development of unified layouts of gearboxes, large-
scale experimental investigations preceded by development of the corresponding testing equipment,
and also by creation and development of progressive manufacturing techniques that guarantee high
quality of products and efficiency of production within high business struggle. It is shown that it is
an innovation support that crucially promoted this development; consequently, it became possible
to create one of the leading enterprises for production of science intensive import substituting
gearboxes for pipeline valves that do not have analogs in the world practice.

KawueBble cjioBa: CIMPOUIHBIE PEAYKTOPHI, TPYOOIIPOBOIHAS apMaTypa, HHHOBAIIMOHHOE pa3-
BHUTHE TIPOU3BOJCTBA.
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CWi0BOii ¥ MPOYHOCTHOH pacyeThl BOJTHOBOI Mepelayn ¢ MAPUKOBBIMH MPOMEKYTOYHBIMH
Tesiamu (Power and Strength Calculations of Wave Gear with Ball Intermediate Bodies)
Bonnosvle nnanemapHuvle nepedayu ¢ wapuxosbiMu NPOMeHCymodHbiMu meaamu 6oiee npocmol
U mexHono2uuHee, yem nooooOHvie nepeoayu ¢ pOaUKOBbIMU NPOMENCYMOYHbIMU meaamu. B na-
cmosiwee 8peMs makue nepeoayu HAxo0sm WUpoOKoe NpUMeHeHue 8 PAazIudHblX OmpAacisx Npo-
MBIUIEHHOCMU. HeMmMAHOU, 20PHOU, ABUAYUOHHOU, Kocmuueckou u 8 op. OOnako 6 Hacmosuee
8peMs. OMCymcmeyiom ooujue mMemoovl 2eoMempudecKo20, CUI08020 U NPOYHOCMHO20 PACYEmO8
nepeoay ¢ pasHuyel mexcoy yuciamu 3y0ues Koieca u wmapukos, pagnou 1. dma 3adaua 8axicHa
He MOJIbKO npu pacdeme Ha NPOYHOCMb IJIeMEeHMO8 3ayenieHuli U ONOPHbLIX Y3108, HO U NPU NPOEK-



MUpoBanuu nepedayu, maxK KaxK HanpagieHue paujeHus 6e00M0o20 36eHA MEHAEMCs Ha NPOMUEONO-
JIOJICHOe.

B pabome paccmompen OpucuHAanIbHbIIL MEMOO CULOB8020 U NPOUYHOCHHOZ0 PACYENO8 80THOBOLL
nepeoayu ¢ WapuKosviMiu NPOMENHCYMOUHBIMU MeNaMU, OCHOBAHHBII HA PeueHUU 3a0ayu Cmamu-
YeCKol HeOnpeoeruMoCmu ¢ npugiederuem KOHmakmuwix 3aoay. Hexomopwie croscnocmu 3a0auu
CBA3AHBI C PEUEHUAMU CUCTEM MPAHCYEHOEHMHBIX YPAGHEHULl, d MAKH#Ce C GbIYUCTCHUEM KPUBU3-
Hbl npoguneti 3y0ve6. B cesazu ¢ smum dvina pazpabomana npoepamma ons IIK 6 cpede Delphi ons
yuciennoll peanuzayuu 3aoavu. Ilpu smom paouyc KpususHvl npoguneii 3y0ves Koaeca onpeoensi-
emcst nymem UCNONIb308aHUSL XOPObL MENHCOY mMpemMsi MOUKAMU HA NPOPuie U meopemvl CUHYCOS.

Wave planetary gears with ball intermediate bodies are simpler and more technological than
similar gears with roller intermediate bodies. Now such gears find broad application in various in-
dustries: oil, mountain, aviation, space and other. However, now there are no general methods for
geometrical, power and strength calculations of gears with the difference between tooth numbers
for a gearwheel and balls, equal to +1. This task is important not only within the strength analysis
of meshing elements and support units but also at gear design as the direction of rotation of the
driven element changes to the opposite one.

In this paper, the original method for power and strength analysis of the wave gear with ball in-
termediate bodies based on the solution of a problem of static indetermination with application of
contact tasks is considered. Some difficulties of the task are connected with solutions of systems of
transcendental equations, and with calculation of curvature of tooth profiles. In this regard, the
program for the personal computer in the environment of Delphi has been developed for numerical
implementation of the task. At the same time the radius of curvature of tooth profiles for the gear-
wheel is determined using chords between three points on the profile and the theorem of sines.

KawueBble cjioBa: IUIaHEeTapHas Iepenadya, KOHCTPYKIUS, MPOMEXKYTOYHBIC Tea-IIapHKH,
KPUBU3HBI, KOHTAKT TeJ, eOopMallis, CHIbI B 3aIlCTUICHUH.
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HccnenoBanue NpuyYMH OrPaHUYEHHs] HATPY304HO# CIMOCOOHOCTH 3aleNJISIIOIIUXCSH 3BEHbLEB
cnupouanbix nepeaad (Investigation of Causes for Limiting the Load-Carrying Capacity of
Meshing Elements of Spiroid Gears)

Tossuswuecs omHocumenbHO HeOA8HO CRUPOUOHblEe Nepedayu Haxooam @gexmusHoe npume-
HeHue Npu pasiuyHblX YCIo8UsX u pesdcumax pabomol. Kpome moeo, cyuecmsayrom paziudusi 8 npu-
MEHSAEeMbIX MAMEPUANax U MexHoN02UsAX U320MOBLEHUS 3aYEeNIAIOUUXCSL 36eHbEe8 CHUPOUOHBIX nepe-
oau. CnupouoHvle Koieca MONCHO U320MABIUBAMb U3 NOIUAMUOOS, CHEKAeMbIX MemalIudecKux
nopowikog, 6ponsvl, cmanu u 4yeyHa. Yepesax mpaouyuonHo uz2eomagiuearom u3z cmanel ¢ UChob-
308aHUEM MEPMUYECKOU UTU XUMUKO-MEPMUYECKOU 00pabomku O NOBbIUWEHUS NPOYHOCU
u usHococmotuixocmu. Texnonocuueckue paziuyus 8 c6010 ouepedb NPUBOOAM K PAZHbIM NPUYUHAM
CHUDICEHUAM NPOYHOCMU 3)0bes CNUPOUOHBIX KoJleC U 8UMKO8 uepssaka. B cmamwve paccmompensi
HeKomopbvle NPUUUHbL OSPAHUYEHUS HA2PY30UHOU CNOCOOHOCMU 3AYENIAIOWUXCA 36EHbEG CRUPOUO-
Hulx nepeday. IIposooumvie MHO2ONIeMHUE UCNBIMANHUSL CNUPOUOHBIX Nepeoay BblsA8UNU PA3IUYHbLE
8UObL paspyuieruti 0isi 3y0be6 cnupoudHvix Konec. OCHOBHOU NPUHUHOU Pa3PYULeHUll NIACTMACCO-
8bIX CHUPOUOHBIX KOJleC AGNAemcs cpes. 1 nopouKosulx Kojiec xapakmephsl aubo cpes, 1oo uz-
oM. OOHaKo 6UMKU CRUPOUOHO20 YePBAKA MAKHCe MO2YM IOMAMbCA HeodcudanHo. [na onpedene-
HUs OMKIOHEHULl 8 CMPYKMYpe U CBOLCMEAX NOBEPXHOCMHO20 ClIOsL U CepOYeBUHbL HUMPOYEMEHMO-



BAHHBIX YEPBAKOG ObLIU NPOBEOeHbl Memanlocpaguueckue ucciedo8anus. M3 eumrkos cnupouonvlx
YepesaKo8 OblIU COeNanbl 00pazybl, KOMopbvie 3amem No0BeP2AIUCy BCeM HeOOXO0OUMbIM MAHUNYIA-
Yusm OJis NOJIYYeHUsL MUKPOULTUGDOS.

Relatively recent spiroid gears have been found effective application in various environments
and operation modes. In addition, there are differences in the applied materials and manufacturing
technologies for spiroid gearwheels and worms. Spiroid gearwheels can be made of polyamides,
sintered metallic powders, bronzes, steel and cast-iron. The worm is traditionally made of steels
with thermal and chemical and thermal treatment to increase their strength and wear resistance. In
turn, manufacturing differences lead to various causes of reducing the load-carrying capacity of
spiroid gearwheels and worms. The paper considers several reasons of limiting the load carrying
capacity of meshing elements of spiroid gears. Long-term experiments of spiroid gears revealed dif-
ferent types of failures for teeth of spiroid gearwheels. The main reason of fractures for plastic spi-
roid gears is shear. As for powder gearwheels, either shear or fracture is specific for them. How-
ever, threads of spiroid worms can also be broken suddenly. In order to determine the deviation in
the structure and properties of the surface layer and core of nitro-carburized worms, metal-
lographic investigations have been carried out. Threads of spiroid worms have been taken as sam-
ples which have been further subjected to all necessary manipulations to obtain micro-etches.

KawueBble cj10Ba: Harpy3o4Has CIIOCOOHOCTb, CIHPOWIHBIC TEpEeaay, HUTPOIICMEHTAIIHS,
YepBSAKH, METALTOTpahUICCKUN aHAITU3.
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11 I Aumponos, kKauIuaaT TEXHUYECKUX HAYK, TOLEHT, CapaTOBCKUI IrOCY1apCTBEHHbIN TEXHHUYE-
ckuil yHuBepcurer uM. ['arapuna 0. A. (P. G. Antopov, Phd In Engineering, Yury Gagarin State
Technical University, Saratov)

H. M. I'youn, CapaToBCKHIl rocy1apCTBEHHBIM TexHUYecKUi yHUBepcuteT uM. ['arapuna 1O. A.

(N. M. Gubin, Yury Gagarin State Technical University, Saratov)

O. H. Jlonununa, kauauaaT TEXHUYECKUX HayK, O1eHT, CapaTOBCKUM roCyAapCTBEHHBIA TEXHUYE-
ckuil yausepcureT uM. ['arapuna 0. A. (O. N. Dolinina, Phd In Engineering, Yury Gagarin State
Technical University, Saratov)

JKCNepTHasi CHUCTeMa IMArHOCTHKHM HEHCNPABHOCTEl ra3omnepekauyuBaOIINX arperaToBHa
koMmmnpeccopHbIx ctannusax (Expert System for Diagnostics of Faults of Gas Turbines at Gas-
Compressor Stations)

Onucano cywecmsyrowee cocmosiHue oeil 8 001acmu OUAZHOCMUKU HeUCNPABHOCMell 2a30nepeKa-
yusarowux azpecamos (I'TIA) na KomnpeccopHvlX CMaHyusx, NOKA3AHO, YMO UCHONb3YeMOe Npo-
2pammHoe obecneveHue ceoegpemenHo ouaznocmupyem ueucnpasnocmu ITIA, Ho ne onpedensiem
NPUYUHBL UX NOAGIEHUA U, CIe008AMENbHO, He Nogvluaem 3PHeKmueHoCmb UX YCMPaHeHUs.
B cmamwe npeonoosicen cnocob pewienuss npoonemsl ouacHocmuxu npudun Heucnpasnocmetl I'TIA 3a
cuem eneopenus sxcnepmuou cucmemvl GASDETECT, paspabomanHou Ha OCHO8e 3KCHEePMHbIX
u pempocneKkmueHblx OAHHBIX 000 «laznpom mpanceasz Capamosy, ONUCAHA CMPYKMypa CUCmemaul, npueedeﬂbl
npuMepsbl HedemKux npagul, 05l NPUHAMUSA PeueHUs UCNONIb3Yemcs HeuemKutl aneopumm Mamoanu.

The paper describes the current situation in diagnostics of faults of gas turbines (GT) at gas
compressor stations. It is shown that the applied software can diagnose on-time the GT faults but



does not define the reasons of their appearance and, therefore, can not improve the effectiveness of
their correctness. The approach is proposed in the paper to solve the problem of diagnostics of GT
faults by using the developed expert system GASDETECT on the base of expert and historical data
provided by the company “GAZPROM TRANSGAZ SARATOV” Ltd. The structure and fuzzy rules
of the expert system are described. The Mamdani fuzzy algorithm is used for making decisions.

KawueBble cj0Ba: HEUCIPABHOCTH Tra30MEpPEKAuMBAIONIMX arperaTtoB, SKCIEPTHAs CHUCTEMA,
HedeTkas 0a3a 3HaHWii, IpaBUiIa BEIBOJIA.
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DOI: 10.22213/2410-9304-2017-1-20-25

YK 621.833 + 621.8.024.4
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in Engineering, St. Petersburg National Research University of Information Technologies, Mechan-
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OnpeneneHne NapaMeTpoB JABH:KeHHs 3y0UaTO-MOBOIKOBBIX Mepeay HA CKPeIHBAIIMNXCSH
ocsax (Determination of Motion Parameters for Rod Toothed Gears with Skew Axes)

B pabome paccmampusearomces npubaudxcennvle nepeoayu. /lannas paboma nocsesaujena onpeoe-
JIEHUI0 NApaMempo8 08UINCEHUA 3Y01Uamo-no8oo0Kosol nepedadu Ha ckpewusarouuxcs ocax. Paspa-
bomxka 3awuwena namenmom P®. B cmamve 0b60ocHo6ana akmyanibHOCMb CUHME3Ad HOBbIX 8U008
3ayenienus ¢ YNpoujeHHol ceomempueli Konmaxkmupyrowux meu. IIpeocmasneno pacnonosicerue
cucmem KOOPOUHAM, UCNONb308AHHBIX O]l NOJYUEHUA QYHKYUU NOJIOMHCEHUS nepedayl, coOCmosawel
U3 08yX KoJleC U HenoO0BUICHO20 36eHa (cmotiku). /A nepedad Ha CKpewusaruuxcs 0cax noay4eHsl
KOOPOUHAMbL MOYEK KOHMAKMA HA NOBEPXHOCMAX NOBOOKO8 U PACCUUMAHbL OWUOKU DYHKYUU NO-
JIodrcenuss npu nepeconpsdiceHuu. QyHKYUs NOI0NCEHUs NOTYYeHA NPUMEHeHUeM Memooa Mampuy-
HO20 Npeobpazosanus cucmem KOOpOUHAmM U paeeHCmed paouyco8-6eKmopos U Opmos Hopmaiel 6
mouke Koumaxma. /lannas nepedaua modcem ObimMb AKMYAIbHA 8 MAWUHOCMPOEHUU, NPUOOpPo-
CmMpoeHul U Opy2ux ompaciax HapooHo2o xosaticmea. Ha ee ocnoge moeym 6vimv cunmesupo8anvl
KaK pedyKkmopwl, maxk u myavmuniuxamopvl. Ona 0b1a0aem blcOKOU MEXHOIO0SULHOCIbIO (015 ee
u32omosieHus He mpedyemcs CneyuarbHo2o 060pyo0osanus), a QyHKyus nepemeujerusi OauU3Ka K
JuHelnol. Jlannaa cmamoes xapakmepuszyem GIusHue usMeHeHus nepedamoiyno20 OMHOULeHUs. Ha
KauecmeeHuvle xapakmepucmuxu nepedayu. OnpedeneHbl MUHUMATbHblE OONYyCMuUMble nepeod-
MOYHbIe OMHOULEHUS O PA3IUYHBIX YUCEN NOBOOKO8 8e0yue20 Koecd. 3HaueHus: MUHUMATbHbIX
00Ny CMUMbIX NepeoamoyHbIX OMHOUWEHUL CYUWEeCMBeHHO MeHblle, YeM Ol KOHUYeCKux 3youamo-
N0B0OKOBbIX nepeday Ha Nepecekalouuxcs Opmo2oHAIbHLIX 0csX. 3ayenieHue npoucxooum 6e3 6vl-
X00a mouKku KOHMAaKma Ha KPOMKY no800Ka. /s peuieHuss NoIyueHHOU cucmemsl YpasHeHUull npu-
MEHANUCH YUCTIeHHble Memoobl npocpammuozo nakema MathCAD. B oanvheliuiem aeémopom npeo-
noiazaemcs paccmMompems G03MOJNCHbIE NOSPEUWHOCU MOHMANCA U U320MOGIeHUs 3y0uamo-
Nn0800K0B0IU nepedauu (maxue, KaKk NOZPeuHOCMs wazd, HeCOOCHOCMb U M. 0.) C Yeablo OYEeHKU UX
BIUAHUSL HA KA4eCmBeHHble XapaKmepucmuky 3ayenieHus 0l 6cex Mmunog 83auMHO20 pacnoloxce-
HUs Ocell.

Approximated gears are considered in the paper. This work is devoted to determination of mo-
tion parameters of a rod toothed gear with skew axes. This development is protected by the patent
of the Russian Federation. The urgency of the synthesis of new kinds of meshing with simplified ge-
ometry of contacting solids is substantiated. The paper describes the location of coordinate systems
applied to obtain the position function of the rod toothed gear consisting of two wheels and the
fixed element (rack). For gears with skew axes coordinates of contact points on surfaces of rods are
obtained and errors of the position function are calculated at re-conjugation. The position function
is obtained by the method of matrix transformation of coordinate systems and by equality of radius
vectors and normal unit vectors at the contact point. This gear can be used in mechanical engineer-
ing, instrument-making and other branches of national economy. Both gearboxes and multipliers



can be synthesized on its basis. It has a high manufacturability (special equipment is not required
for its production), and the position function is close to a linear one. This paper describes the influ-
ence of changing the gear ratio on quality characteristics of the gear. Minimum allowable gear ra-
tios for different numbers of rods of the driving gearwheel are determined. The values of minimum
allowable gear ratios are significantly less than those for the bevel rod gears with intersecting or-
thogonal axes. The meshing occurs without coming of the contact point to the edge of the rod. Nu-
merical methods of MathCAD software package are applied for solving the obtained system of
equations. In future, the author will consider other possible errors of manufacturing and assembly
for the rod toothed transmission (such as the pitch error, misalignment, etc.) in order to assess their
impact on the qualitative characteristics of the meshing for all types of mutual position of axes.

KiroueBble cjioBa: 3y0UaTo-1I0BOJIKOBAs Tiepeaava, GyHKIUS ITOJIOKCHHS, OMTUOKA IepeIaToy-
HOT'O OTHOIIICHHUSI, OTMOKA MOJIOKEHHSI, CKPESITUBAFOIIUECS OCH.

Keywords: rod toothed gear, position function, error of the gear ratio, position error, skew axes.
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teM uMeHu B. A. benoro HarmonanesHoit akanemun Hayk benapycu, ['omens, benapycs (S. V. Shilko,
PhD in Engineering, Associated Professor, V.A. Belyi Metal-Polymer Research Institute of National
Academy of Sciences of Belarus, Gomel, Belarus)
E. B. lllanobaes, kaumuaaT TeXHUYECKH Hayk, npodeccop, Cankr-IleTepOyprckuil HarpoHab-
HBIM MCCIIeIOBATEIbCKUN YHUBEPCUTET HH(OPMALMOHHBIX TEXHOJOTHM, MEXaHUKU M OINTUKH
(Yuusepcuter UTMO) (E. V. Shalobaev, PhD in Engineering, Professor, St. Petersburg National Re-
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E. U. Teckep, NOKTOp TEXHUYECKUX HayK, mpodeccop, Bonrorpaackuii TeXHUYECKUI YHUBEPCUTET
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Pa3BuTHe TEPMUHOJIOTHH B 00J1aCTH 3y0UaTHIX Nepeaady U TPAHCMHUCCHIA.
Yacrs 1. PasBuTuHe TepMHMHOIOIMH 1O 3y04YaTbiM IepeJayaM IOCTOSIHHON KOMMCCHEH
IFToMM «Crangapruszanuss tepmunosioruu no TMM» (Development of Terminology in
Gearing and Power Transmissions. Part 1. Development of the Gearing Terminology by
IFToMM Permanent Commission Standardization of Terminology on TMM)
Paccmampuearomes npobremvl pazeumus mepmunono2uu 8 obaacmu 3youamsix nepeday u
mpancmuccuu. C npugneuenuem wupoko20 Kpy2a UH@GOPMAYUOHHBIX UCOYHUKOS (MeHCOYHAPOO-
Hble U HAYUOHAIbHbIE CIAHOAPMbl, CNPABOYHUKU, COBAPU NO MeXAHUKe, MAUWUHOCMPOEHUIO, Meo-
PUU MEXAHUBMOB U MAWUH, MENCOYHAPOOHblEe MPAHCIAMOPYI, COOPHUKU PEKOMEHOYEeMbIX mepMu-
HO8 U Op.) U31a2aromcs U aHAIUUPYIOmMcs no0xXo0sl U IMansl: (a) CMAHOBNIEeHUs. U Pa38Uumus mep-
MUuHono2UU no 3ybuameim nepedavam: 8 pamkax oesmenvrocmu Ilocmosannou komuccuu Meoswcoy-
HapooHotl edepayuu no codelicmeuro pazeumuro Hayku o mexarusmax u mawunax (IFToMM)
«Cmanoapmuzayus mepmunonocuu no TMMy (PC A); (6) coop u ananuz ungpopmayuu, KOMROHOG-
Ka CMpyKmypbul, nepuoouieckoe, no mepe HaKONIeHUus mepmuHolo2u4ecKko20 mamepuand, 0OHO8-
JIeHUe CO0epIHCanUsl CLOBAPS-CRPABOYHUKA NO 3y0UamuiM nepedavam, (8) uoenmughuxayus, Kiac-
cugurayus u onucanue U008 NOBPeI’COeHUll 3Y0UamulX Kojec 8 npoyecce pazpabomku Mediwczocy-
0apcmeenHo20 cmanoapma no 8udam nogpexcoeHull 3youameix Koaec. Ananusupyemcsi npoyecc
nosmanuou paspabomku mepmunonozuu no TMM Ilocmosannoii komuccueii IFToMM PC A, nauu-
Has ¢ Mmomenma ee obpazosanus (1969 2.) no nacmosiwee epemsa (2016 2.), ¢ akyenmom Ha paspa-



bomky mepmunonozuu no 3youameim nepedavam. Iloxazan mexanusm noo2omosKu, KOppeKxmupos-
KU U CUCMEMAMUYecKo20 0OHOBIEHUs, A MAKXHCe PeOaKmMUposanus MmepMUHOI02UYECKUX MeKCMOo8
A3BIKOBLIMU pedakmopamu. [Ipusooumces ungopmayus o pazpabomie u noIb308aHUU INEKMPOH-
Hoim crnosapem IFToMM. Ob6cyscoaemes npumeneHue HO8020 OHAAUH-PEOAKMOPA MepMUHOI02U-
yeckoeo crnosaps IFToMM — Thesaurus Editor (Thedi), scmpoennoeco 6 snekmpouuyro 6udbiuomexy
Digital Mechanism and Gear — Library (DMG-Lib). Yxazannwviii mexcmossiii peoakmop npeoHa-
s3HaueHn 013 ucnoavzosarnus Ilocmosaunou komuccuer IFToMM no cmanoapmusayuu mepmuHono-
2uu, no3eoassn bonee 3pgexmueno pabomame ¢ mepmunonocuveckum ciosapem IFToMM c uc-
nov3o8anuem, Hapsoy ¢ ogpuyuarvuvimu sazvikamu IFToMM, opyeux s3vikos.

The problems of developing terminology in gearing and transmissions are considered in the pa-
per. A wide range of information sources (international and national standards, reference books,
dictionaries on mechanics, mechanical engineering, theory of mechanisms and machines, interna-
tional translators, collectors of recommended terms et al.) is studied to state and analyze the fol-
lowing approaches and stages in this field: (a) appearance and development of terminology within
the activity of IFToMM Permanent Commission “Standardization of Terminology on TMM” (PC
A); (b) compilation of the reference dictionary book on gearing — accumulation and analysis of in-
formation, arrangement of content,; periodic, as far as of acquisition terminological data, renewal
of the reference dictionary content; (c) identification, classification and description of gear failure
modes in the scope of developing interstate (for CiS-countries) standard on forms of gear failures.
The paper describes the mechanism of preparation, correction, systematic update and editing of
terminology texts by language editors. The process of evolutionary development of terminology on
TMM by IFToMM PC A is analyzed — from the constitution of the IFToMM PC A in 1969 till the
present time with the accent to development of terminology on gearing. Information about devel-
opment and using of IFToMM electronic dictionary is given. The application of the new online edi-
tor (Thesaurus Editor — “Thedi”), incorporated in the electronic library (Digital Mechanism and
Gear Library — DMG-Lib) for the IFToMM Dictionary, is discussed. Software “Thedi” is devel-
oped as a working instrument for activity of IFToMM Permanent Commission PC A, enabling more
effective and comprehensible work with IFToMM Terminological Dictionary when using other lan-
guages besides the official IFToMM language.

KawueBble cioBa: 3yOuaTble Tepeiadd, TEPMUHOJOTHS, KiIacCH(pHUKANUs, WIACHTH(QHUKAINS,
CTaHIapTH3aIMs, JIEKTPOHHBIN CIIOBAph, T€3aypyC-PEeIaKTOp, CIOBAPh-CIPABOYHHK, BUIBI MTOBPE-
KICHUHN 3y0UaThIX KOJIeC.
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HN3mepeHue naBjieHUs U TeMIEPATYPbl B CKBAKMHE OJHUM JATYMKOM 110 TPEXIMPOBOIHOM JIN-
Huu cBsi3u (Measuring Pressure and Temperature in Well By One Sensor at Three-Wire
Communication Line)

B cmamve onucvlgaemcs ycmpoucmeo 01 usmepenus 2e0usuueckux napamempos 6 CK8aA#Cu-
He, npeobpazyemuvlx 8 U3MeHeHUue aKMU8HO20 CONPOMUBIEHUS PE3UCMUBHO20 OAMYUKA C UCNOIb30-
8aHuem mpexnposooHou aunuu ceéasu. llpednacaemoe uzobpemenue modxcem Oblmv UCHOILIOBAHO 6



Heghme2az0601 NPOMBIUAEHHOCMU OISl UCCIE008AHUSL HEQMAHBIX U 2A308bIX CKBANCUH, A MAKICE
01 UCCNIe008AHUSL BbICOKOMEMNEPAMYPHBIX NAPOLUOPOMEPMATbHBIX CKE8ANMCUH, NPEOHA3HAYEHHBIX
071 NOJLYYeHUsL Napa u3 Heop 3emiau OJisk 2e0MeEPMATbHbIX CIMAHYULL.

The paper describes a device for measuring geophysical parameters in the well that can be
transformed into a change in resistance of the resistive sensor using a three-wire communication
line. The invention can be used in the oil industry for the study of oil and gas wells, as well as for
the study of high-temperature hydrothermal wells designed to generate steam from the earth geo-
thermal stations.

KawueBble cjioBa: H3MEPEHHE JaBICHUS M TEMIIEpaTyPbl, TCH30IaTUYHK, TAPOTHAPOTEpMaTbHAS
CKBa)KHMHA.
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AKTHBHasi 0aJIAaHCHPOBKA cynepKoHaeHcaTopoB (Active Balancing of Super-Capacitors)

B oannoti cmamve paccmampusaemcs pewienue 00OHOU U3 npod.aem UCNoNb308aHUS CYNEPKOHOEH-
camopos, 8 63U ¢ KOMopbiM UX NPUMeHeHUe AGIACMCS 3ampyOHUMENbHbIM 8 HACMOAUee 8PEMSL.

Kax uzéecmno, uz-3a HU3k020 HOMUHAILHO2O HANPANCEHUS CYNEPKOHOEHCAMOPO8 UCNONb3084-
HUe Npoucxooum npu ux nociedos8amenbHom coeourenuu. Ilpu npouzeoocmee cynepkoHOeHcamo-
P08 umMeemcs HeKOmopbiti pazbpoc napamempos no emKocmu. B cesasu ¢ smum go3nuxaem npoo.e-
Ma pasuoll cKopocmu 3apsa0a CynepkoOHOeHCAmopos, d UMEHHO. 803HUKAem 6epOAmMHOCIb nepesd-
pAOa cynepkoHOeHcamopa, 4mo Modjcem 6ul36amu e20 npoboi. Iloasnsemes Heobxooumocms ocpa-
HUYeHUsl HanpsANXCeHUs. Ha cynepKoHoencamope npu 3apsode. [{is npogepku meopemuieckux ceede-
HULI NPOBEOEHO MOOeNUuposanue 3apsaoa Nnocied08amenbHO COCOUHEHHbIX CYNEePKOHOEHCamopos
npoepammuou cpeoe Multisim.

B cmamuve paccmampusaromes Kirouesvie 5mansl pazpabomiu cxemvl yempoucmea 0Jis 02paHu-
YeHUsL HANPSICEHUsL HA CYNEPKOHOEHCamopax, Komopas Oyoem Aeisimsbcs akmuHol OalaHcupos-
kou. Coodepacumces pacuem OCHOBHBIX NAPAMEmMpPO8 OAHHOU Oanancuposku. /[is noomeeporcoenus
pabomocnocodHoCmu nPeodioNCEeHHOU CXembl NPOBEOCHO MOOETUPOBAHUE NOCIE)08AMENbHO COEOU-
HEHHbIX CYNEePKOHOEHCAMOpPO8 ¢ UCNONIb308AHUEM PA3pAbOmMaHHol akmugHou banrancuposku. Onu-
CaHbl pe3yIbmamvl NPO8eOeHHbIX MOOeIUposanuil. /[na Ha2naoHo20 npeocmasienus npUHYUna pa-
Oombl akMueHOU OANAHCUPOBKU NPU MOOETUPOBAHUU ObLIU OONOTHUMENbHO 8bl8E0eHbl OCYULILO-
2PAMMbL HANPANCEHUL 6HYMPEHHUX V37108 cXxembl. B kauecmee 0okazamenvbcmea eaxcHocmu npa-
BULHORO pACHema napamempos cxemovl NPOGeOeHO MOOEIUPOBAHUE C HEBEPHO BbIOPAHHBIMU NAPA-
Mempamu axmusHol 6anancuposku. Ilpoeedenvi onucanue u aHaIu3 pe3yabmamos OaHHO20 Mooe-
JIUPOBAHUS.

B 3axniouenue packpvisaemcs 3¢gekmusnocms pewieHuss npooaemsl 3apaoa nociedo8amenbHO
COEOUHEHHBIX cynepKkoHOeHcamopos. Packpvisaemces onpoc Hadedcnocmu u 3HepeodghgexmusHo-
Ccmu UCNOb3068aHUs MOOYell cynepkoHoencamopos. C nomowblo npueedeHHol Cmamou pacKkpbl-
8aemcs 60NPOC YCKOPeHUs 6HeOPeHUsl UCNONb30BAHUSL CYNEPKOHOEHCAMOPO8 8 Kayecmee HAKONU-
mejeu dHepeUl.

The decision for one of problems of using the super-capacitors that complicates their application
nowadays is examined in this paper.

As is generally known, due to the low nominal tension of super-capacitors, their application takes
place at their successive connection. At production of super-capacitors there is some variation of pa-
rameters for capacity. In this connection there is a problem of different speed of charging the super-
capacitors, namely, there is probability of recharging of a super-capacitor that can cause its hasp. The
necessity appears to limit the super-capacitors voltage at charging. For verification of theoretical in-



formation the simulation of charging the successively connected super-capacitors is carried out in the
Multisim software.

In the paper the key steps of designing the scheme of the device are considered to limit the volt-
age of super-capacitors that will be the active balancing. The calculation of basic parameters of
this balancing is presented. To confirm the serviceability of the proposed scheme, the simulation is
carried out for successively connected super-capacitors with application of the developed active
balancing. The results of the carried out simulation are described. For demonstrative presentation
of the principle of operation of the active balancing at simulation, the oscillograms of voltages for
internal circuit nodes are additionally shown out. To prove the importance of the correct calcula-
tion of parameters of the scheme, simulation has been carried out for incorrectly chosen parame-
ters of the active balancing. Description and analysis of results of this simulation are given.

The efficiency of solving the problem of charging the successively connected super-capacitors is
considered in conclusion. The question of reliability and energy efficiency of applying the modules
of super-capacitors is described. The present paper allows for revealing the issue of accelerating
the implementation of applying the super-capacitors as energy accumulators.

KawueBble cjioBa: akTUBHAs 0aTaHCUPOBKA, CYNICPKOHICHCATOP, TOK OaJaHCUPOBKU, MOICIH-
poBanwue, Multisim.
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Pacyer u noBeIeHue 3(PPEeKTUBHOCTH OCHOBHBIX IAPAMETPOB PAAHOJIUHUN € YKOPOYEHHBI-
Mu BuOpaTopubiMu anTeHHaMu KB- m YKB-auana3zonos (Analysis and Improvement of the
Effectiveness of General Quantities of the Radio Links with Short Vibrator Antennas for
Shortwave and Ultra-Shortwave Bands)

Bausnue npuemonepedarowux anmenH ocmaemcs OCHOBHbIM U3 haKmopos, onpeoesitomux 3¢-
Gexmuenocms paduonunuu. B cmamve evinonnen pacuem napamempog noay8oIHOBbIX U YKOPO-
YEHHbIX CUMMEMPUUHBIX 8UOPAMOPHBIX anmenH. Paccmompen pacuem napamempos yKOpOUeHHbIX
WMbIPEBLIX aHMeHH U pakmopvl nogvlueHus: ux s¢pgexmusnocmu. Ilpednodxcenvl cnocodwvl noswvi-
wenus 3¢hexmueHoCcmu YKOPOUEHHbIX AHMEHH: UCNHONIb308AHUE CUCMEMbl NPOMUBOBECO8 Ol
VMEHbULeHUs. CONPOMUBTIEHUS NOMeEPb, NPUMEHEHUE CO2NACYIOWUX UHOVKMUBHOCMEL, YMOaujeHue
aHmeHHbl U 000asIeHUe KOHYEeBOl eMKOCU HA 8ePXHULL KOHeY UMblpsl 01 YMeHbULeHUsT PeaKimué-
HOUl cocmasnsowel 6X00H020 CONPOMUBIeHUs aHmeHHbl. Bmecme ¢ smum Ha npakmuxe 0cobOeHHo
8adiCHOe 3HaueHUe cledyem npuoagams 60NPOCAM HOCMUPOBKU U HACMPOUKU YKOPOUEHHbIX AHMEHH
u ux coanacyrouwux ycmpotiicms. Ilpuseoen npumep mooenuposanusi yKOpo4eHHol aHmeHHbl 8 NPo-
epamme MMANA.

The transceiving antennas influence is still the main of the factors responsible for the effective-
ness of the radio link. The paper presents the calculations of the quantities of the half-wavelength
and short dipole antennas. The analysis of the short pin antennas quantities and the factors of the
improvement of their effectiveness is considered. The approaches to increase the efficiency of short
antennas are initiated: use of the counterbalance system for loss resistance reduction, implication



of comparison inductance, antenna thickening and addition of an end-container to the top tip pin
for reactive component reduction of the antenna input resistance. Therewith in practice it is neces-
sary to attach the most important significance to the alignment and setting issues of short antennas
and their matching units. An example of the short antenna simulation in the program MMANA is
provided.

KawueBble c10oBa: aHTeHHa, KOAQOUIIMCHT yCHICHHS, KOAPOUIIMESHT OTPaKEHHUsI, TUarpamMma
HaIpPaBJICHHOCTH, BXOJTHOE COMIPOTHBIICHHE, TIOISIPU3AITHSL.

Keywords: antenna, gain, reflection coefficient, directional pattern, input impedance, polariza-
tion.
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3agaya CHHXPOHU3AIMHM MATEPHAJIBHBIX IOTOKOB B MeJIKOCepuiiHOM npoussoacTee (Problem
of Synchronization of Material Flows in Small-Scale Production)

Paccmampusaemces mamemamuueckas 3a0a4a CUHXPOHU3AYUU MANEPUATLHBIX NOMOKO8 8 MeJl-
KOCepuiHoOM npou3eoocmee, NPUusoOUmcs: NOCMAaHO8KA 3a0a4uy, KpUmepuu onmuMu3ayuu U 0emoH-
cmpayuonnslli npumep. llpeonazaemcs ucnonvzoeams ayduiue npakmuku no0xooos Lean u QRM &
NpUMEHEHUU K MEeIKOCEPULHOMY NPOU3800cmay ¢ yiemom cheyuguku. Paccmampusaemcs nooxoo
K onmumuzayuy pabomul npouzs00Cmea nymem co30aHus MooyJisi CUHXPOHUZAYUYU MAMEPUATIbHBIX
NOMOKO8 8 COOMBEMCMBUU C MAMEMAMUIEeCKOU NOCMAHOBKOU 3a0ayu CUHXPOHUSAYUU NPOU3BOO-
cmea. B kauecmee kpumepues uUCnoIb3yOMCs Kpumeputi MaKkCUMU3ayuy npUuopumemos mexyuux
3aKa306 u Kpumepui npuopumezayuu padom ¢ MUHUMATbHbIM HAAHUPYEMbIM 8peMeHeM Hauaad
pabom. Paccmompen mecmogulil npumep, HA2IAOHO OeMOHCMPUPYIOWULI NPUHYUN PAOOmMbL CUH-
XPOHUZUPOBAHHOU CUCTEMbL YNPABTIEHUsI NPOU3BOOCHBOM 8 YCIIOBUAX NOCMOAHHO MEHAIOWUXCA Y C-
JI08Ull npouzgoocmaa. /s 0emoncmpayuu pabomsl cucmemsl 8b10PaAHO 8UPMYAIbLHOE NPOU3BOOCTI-
60, cocmosawee U3 NAMU NPOU3BOOCMBEHHBIX YYaACmKos. Hlcnonbzosanue CUHXPOHUSUPOBAHHOU
cucmemvl ynpasieHusi NPouU3s00CMEoM NO360JUNO NOLYYUMb NPUOLLIL OM GbINOIHEHUs 3aKA308 HA
30 % eviwe, yem 6e3 npumenenus. Eciu oyenums yposeHv He3a8epuleHHO20 NPoU3eo0Ccmed, u epe-
M5, U KOTUYECMB0 3aMOPONCEHHBIX CPeOCm8, MO CHAHEeNn 04e8UOHO, YO NPUMEHeHUe CUHXPOHUZU-
POBAHHOU cucmembl YNpasieHus no360Jis1em co 8peMeHemM CHU3UMb u opyaue npsamole U KOCGeHHble
3ampamal, Ymo euje 60jiee NO3UMUBHO OMPAZUMCS HA YUCTNOL NPUOBLIU NPEeONnPUSMUSL.

Mooynv cunxponuzayuu npouzeoo0cmea paccmampueaemcs Kak 00noIHumenbHulti Mooyib ERP-
cucmemvl, cmpaueaemvlil 6 yice cywecmeayiowyro ERP.

The paper considers the mathematical problem of synchronization of material flows in small-
scale production, the statement of objectives, optimization criteria and the demonstrative example
are presented. It is proposed to use the best practices of Lean and QRM approaches as applied to
small-scale production, taking into account its specifics. An approach to optimization of produc-
tion, by creating a module synchronization of material flows, in accordance with the mathematical
statement of the problem of production synchronization is considered. The criterion of maximizing



the priorities of current orders and criteria for prioritization of work with minimal planned start
time are used. The test case is considered that illustrates the principle of a synchronized system of
production management in ever-changing production conditions. To demonstrate the system opera-
tion, the virtual production has been selected that consists of five production sites. Application of
the synchronized system of production management allowed to profit from the execution of orders
by 30% higher than without it. If you assess the level of work in progress, and the time and the
amount of frozen assets, it becomes obvious that the use of a synchronized control system allows
you to reduce the time and other direct and indirect costs, thus positively affecting the net profit of
the enterprise.

The synchronization production module is considered as an additional module of the ERP-
system built into the existing one.

KawueBble ci0Ba: MarepHaibHbBI MOTOK, ONTHMH3AIINS, CUCTEMa M3TOTOBJICHUS JETAJCH 10
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CpaBHHMTe/IbHBII aHAJM3 IMHAMHYECKHX MoJeJeil cucTeM MOABHKHOCTH TPEHAKepoB aBTO-
TpancnopTa u cneurexuuku (Comparative Study of Dynamic Models of Vehicle Simulator
Motion Platform)

AxmyansHbim Hanpasienuem paspabomku Cucmem noO8UNCHOCIU MPEHANCEPOB ABMOMPAHCHOPMA
U CneymexHuKu s6IAemcs COBEPUIEHCINEOBAHUE ANIOPUMMOS YRPAGIEHUS CUCEMOL NOOBUICHOCU,
Umo no360.1Aem 3HAYUMENbHO VIYYUUMb KAYeCmeo 80CHPOU3BE0eHUsl AKCENePAYUOHHBIX 8030eliCIEUl
Ha pabouem mecme onepamopa. B Oonvuuncmee ciyuaes npumeHaemcs npocmou U HaoedCHblll KuHe-
Mamuyeckuti n00xXo0 K YNpaeieHuio niamgopmotl, noopazymesarowull peuieHue oopamHou 3a0ayu
KUHEMAMUKU 6 pedcume peanbHo20 epemenu. Peaynamop 6 dannom ciyuae 0ekomnosupyemcs Ha Jo-
KabHble CUCMeMbl YNPAasNeHus npueooamu 36eHbes, ompabamvléaioujue 8 Cledsiyem pexcume pac-
CUUMAHHbLE NOJIONHCEHUS. 6XOOHbIX 36€HbEe8 Mexanusma. JIokanbhvle cucmemsl agmMoMamuiecKo2o peay-
JUPOBAHUSL OJiA DNIEKMPOMEXAHUYECKUX NPUBOOOS CIPOSMCS NO NPUHYUNY NOOYUHEHHO20 YNPAGIEHUs
napamempamu UCHOIHUmenbHo2o osucameis. OOHAKO OAHHbIU NPUHYUN He obecneyusaem mpedyemo-
20 Kawecmea ynpasneHus npu HAIUduy makux 6HEWHUX akmopos, KaK npeevluueHue HOMUHATLHOU
HA2PY3KU HA 8aNax 08u2amenell, 6bICOKO PACNONONCEHHBIU YeHMP Macc 00beKma Ha ROOBUNHCHOM OCHO-
8aHUU, HENUHEUHOCMU Pe2YNAMOPO8 CUCIEMbL YNPABTIeHUs NPUBOOOM. B makom cryuae ynyuwenue no-
Kazameineli Kauecmea CUCHeMbl B03MOJICHO 3a CYem NpUMeHeHUs 0O0ee CLOJMCHbIX aeOPUMMO8, yUu-
MulBaArOWUX OUHAMUKY 00vekma. B cmamve nposeden cpasHumenvHwili aHanu3 mooenell cucmem
VApasneHus mpexcmeneHHou OUHAMUYECKOU NAamg@opmbl NOOSUNCHOCIU MpeHadxcepa asmompanc-
nopma u cneymexHuku ¢ yeivio nociedyioweo cunmesa pe2yiamopa. Bvigeoenvl ypasnenus obpam-
HOU U NPAMOU 3a0a4 KUHEMAMUKU, YPABHEHUs NPSAMOU 3a0adu OUHAMUKU, ONUCAHbL OONYWEHUsl, NPU-
HAMble npU COCMAasIeHuy ypagHeHui. B coomeemcmeuu ¢ nonyueHHbIMU YPAGHEHUAMU NOCMPOEHbL Y-
POWeHHas u NOAHAs OUHAMUYECKAs MoOenu cucmemvl ynpagienus niamgopmoi. Ilo umerowumcs
OGHHBIM, NOCIMYNAIOWUM OM MAMeMamuyeckol MoOenu MexHuKy, nooodpansl mecmosvle 6x00Hble
6030elicmeus 071 UCCIe008AHUS NEPEXOOHBIX U YCMAHO8USUIUXCS npoyeccos. Ha ocnose pesynbmamos
MOOeNUpOBaHUsl COeNaHbl 8bl800LL O NPUMEHUMOCMU YRPOWEHHOU U NOAHOU MoOenel npu aHaiu3e
U cunmese cucmem YnpaesneHus: OUHAMU4eCKUMU NIAMPOPMAMU.

Improvement of motion platform control algorithms is an actual problem of modern vehicle
simulators development, which solution may significantly increase the reproducing quality of mo-



tion effects at the operator workplace. For general purposes, the simple and robust kinematic ap-
proach to control the platform is implemented; it implies the solution of the inverse kinematic task
in real-time modes. The controller in this architecture is decomposed to separate local systems of
controlling the drives of elements that produce the calculated positions of input elements of the
mechanism in the tracking mode. Local systems of computer-aided regulation for electric mechani-
cal drives are designed according to the principle of subordinate control of parameters of the actu-
ating motor. However, such architecture is ineffective in case of significant motor loads, high center
of gravity position and nonlinear behavior of local drive controllers. For these cases, system per-
formance can be improved with more complicated algorithms, which consider platform dynamics. In
this paper, the dynamic models of 3DOF motion platform of vehicle simulator are studied for the pur-
poses of controller synthesis. The obtained equations of inverse and direct kinematics and direct dy-
namics equations are discussed. According to the obtained equations, the simplified and complete dy-
namic models of the system for platform control are developed. Using the information available due
to the mathematical model of the device, testing input effects are selected for investigating the tran-
sient and stationary processes. Based on computer simulation, common recommendations about us-
ing simplified or full dynamic model in synthesis and analysis of control system are given.

KiroueBble cji0Ba: CUCTEMa TOJBHKHOCTH, TUHAMHYECKAs MOJETbh, KOHTPOJUIED JBMIKCHUS,
TPEeHaKEPHBII KOMILICKC.
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Pacuer 3¢deKTHBHOCTH yNIpaBJIeHUA MPOEKTHO-U3bICKATEIbCKON OPraHu3anueil ¢ mnoMoIbIo
npukjgaaabix nporpamm (Calculation of Effective Management of the Design and Survey Or-
ganization by Means of Application Programs)

B cospemennvix ycnogusax npobnrema nogvluienus 3¢pgexmusHocmu ynpasieHus cmpoumeliv-
HOU KOMRnauueu sA6nsemcs Haubonee akmyaibHoU OJis1 MHO2UX KOMMEPUEeCKUX op2aHu3ayuil, ocy-
WecmenAwWUx UHBECMUYUOHHYIO OesamelbHocmy Ha meppumopuu Poccutickoii @edepayuu.
Ouenv wacmo pykogooumenu He 001a0arOM C80€8PEMEHHOU, 00CMOBEPHOL U NOJHOU UHGDOpMA-
yueti, no36oAIOWel NPUHUMAMb 838elUleHHble U 000CHOBAHHbLE YNpaAgleHYecKue peulenus 8 cghe-
pe 00120CpouH020 uHeecmuposanus. Hcnonvzosanue opzanuzayueil KOMIJIEKCHOU MemoOuKu
onepamueHo20 (PUHAHCOB020 NIAHUPOBAHUS, UMEHYeMOU 0I00Xcemuposanuem, a6iiemcs be3yc-
JIO8HBIM KOHKYPEHMHbIM NPEUMyecmseom, No380IAI0WUM NOBLICUMb Pe3YIbMAMUEHOCTb YNPAs-
JIeHUsL U PHIHOYHYIO CIoumMocms Komnanuu. Kanumanvholil 610021cem Kax uHCmpymeHm peaiusa-
Yuu UH8ECMUYUOHHOU cmpame2uy npeOnpusmusl umeen 8adcHoe 3HaueHue 8 npoyecce NPUHAMUs
ONepamueHbIX U CMmpame2u4eckKux ynpagieH4eckux peuerutl, 3¢)ghexmusrnozo ynpasieHus pecyp-
camu u OOCMUICEeHUs KOHEYH020 puHancosozo pezyiomama. Humeepuposannwiii nooxoo K
VNPAsIeHUI0 NPOeKMamu He803MOiceH 6e3 CO30aHUs cUcCmemMbl UHBECTNUYUOHHO20 NIAHUPOBAHUS
u 01002cemupoB8anus, He0OXO0OUMOU OJisL UX YCHEUHOU pealu3ayuu.

B cucmemax ynpasnenusi coepemeHHbIMU CMPOUMENbHbIMU NPEONPUAMUIMU ABMOMAMUSUPO-
8anHbie npoyedypvl UHPOPMAYUOHHO20 NPOYecca UHMeSPUPOsanvl ¢ yHKyuamu ynpaeieHus. Ha-
PpA0Y CO C8OUMU OCHOBHBIMU (DYHKUUAMU, UX HENOCPEOCNBEHHO GbINOIHAEN YRPABIeHUeCKUll nep-
conan. Iloomomy coepemeHmbie SIKOHOMUCTBL U MeHeOHcepbl O0NHCHbL 001a0amsb He MOAbKO HPO-
GeccuoHanbHbIMU 3HAHUAMU, HENOCPeOCMBEHHO OMHOCAWUMUCS K UX CHeyuaibHOCmu, HO U 61d-
0emb COBPEMEHHBIMU Memodamu 00pabomKu OAHHbIX HA KOMNbIOMEPAX.



B cmamuve npoananuzuposano npumeHeHue npocpamMmHbiX npOOYKmo8 0Jisi ynpaegieHus 610ice-
MOM 6 NPOEKMHO-UZLICKAMENbCKOU OP2AHU3AYUU U OYEeHKU NPUHAMBIX PeueHull npu papabomke
NPOEKMO8 HOB02O CMPOUMENbCMEA U PEKOHCIMPYKYUU.

Hoxazana >Konomuyeckas 3@GekmueHocms 6HeOPeHUsi HOBLIX NPOSPAMMHLIX NPOOYKMO8
(nanoCAD, 1C: Vnpasnenue cmpoumenvHoti opeanuszayuet, Anom-Husecm Cmpoumenbcmeo) 6
npoyecc pabomsl NPOEKMHO-U3LICKAMENbCKOU OP2AHU3AYUU HA OCHOB8E CPABHEHUs ee Npubbliu 00
U nocie 6HeOpeHUsi HOB020 NPOSPAMMHOZ0 0OeCneueHUs.

In modern conditions the problem of improving the effective management of a construction com-
pany is the most urgent for many commercial organizations which are carrying out investment ac-
tivity in the territory of the Russian Federation. Very often heads don't possess the timely, reliable
and full information allowing to make the weighed and reasonable administrative decisions in the
sphere of long-term investment. When the organization applies the complex technique of opera-
tional financial planning called as budgeting, it is the unconditional competitive advantage allow-
ing to improve the effectiveness of management and market value of the company. The capital
budget as the instrument of realization of investment strategy of the enterprise is important in the
course of adoption of operational and strategic administrative decisions, effective management of
resources and achievement of the final financial result. An integrated approach to project manage-
ment is impossible without creation of the system of investment planning and budgeting necessary
for their successful realization.

In control systems of the modern construction enterprises the automated procedures of informa-
tion process are integrated with functions of management. Along with the main functions, they are
directly carried out by administrative personnel. Therefore, modern economists and managers have
to possess not only the professional knowledge which is directly related to their specialty but also to
own modern methods of data processing on computers.

Use of software products for budget management in the design and survey organization and es-
timates of the made decisions is analyzed in case of project development of a new construction and
reconstruction.

Economic efficiency of introduction of new sofiware products is proved (nanoCAD, 1C: Man-
agement of the construction organization, Alt-Invest Construction) in process of work of the design
and survey organization on the basis of comparison of its profit before introduction of the new soft-
ware.

KiaroueBbie cioBa: skoHOMHYEeCKas S(PPEKTUBHOCTH, OIOHIKETHPOBAHUE, NPOCKTHPOBAHHE,
ynpasieHue, miaHupoBanue, nanoCAD, 1C: VmpaBieHune CTpOUTENbHOW oOpraHuzanueil, AjbT-
HNuBect CTpoUTENBLCTBO.
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dopMupoBaHHE CUCTEMbI MOKAa3aTesiell sl BbIOOPA TAMIIOHAKHBIX PACTBOPOB € MCIOJIb30-
BaHHMeM MeToJa JKcnepThix ouneHok (Formation of System of Indicators for the Choice of
Grouting Solutions by Expert Assessment Method)

B ycnosusax cospemennozo pvinka ycnex paseumus u pocma KOMAAHUU 80 MHO2OM 3A8UCUM OM
pabomsl Mapkemosio2a, om NpasuibHO 8bIOPAHHOU MAPKEeMUH2080U cmpameauu. s peweHus oc-
HOBHOU NPoOIeMbl NOBbIUEHUS I DEeKMUBHOCMU YIPABIEHUS NPOEKMHO-U3bICKAMENbCKOU Op2aHU-
3ayueti Hys#CHO Npopadamuléams Kancoyro COCMasisiouyio 0yoyue2o npoeKxma.

AHanuz mapkemuHe080U cpeodbl U OYEHKA PLIHOYHBIX BO3MONCHOCMEU Op2anu3ayuu ocyuje-
CMBAAIOMCS 8 X00€ KOMNIEKCHbIX MAPKEeMUH208bIX UCCIe008AHULL PbIHKA, Yelb KOMOPbIX CO-



cmoum 6 coope uH@opmayuu o pviHKe U ee U3yyeHuu OJisl CO8ePUEHCMBOBAHUS NPOYECCa Pa3-
pabomku u covima mosapos. MapkemuHneogvle UCCIe008aHUS PLIHKA AGNAIOMCS 005A3aMeNbHbIM
YCa08uem ycnexa mosapos, npeoiazaemuvlx Ha povinke. OHu 3¢hekmusHbl 8 mom ciyuae, Ko2od
PAccmMampusalomcs He moJibko KaKk npoyecc noaydenus mpyoHoOOCMYNHOU KOMMePYeCKOl UH-
Gopmayuu, HO u Kaxk cpedcmeo, obecnevugarujee pykogooCmeo 0peaHu3ayul AHAIUMu4ecKumMu
8b1600aMU 00 UBMEHEHUAX MAPKEMUH2080IL CPeObl C Yeablo YIyYUleHUsl 03MONCHOCMEl Cucme-
Mbl YNpaGIeHUs.

Mapremuneosoe ucciedoganue CmpoumenrbHO20 PbIHKA HANPAMYIO C8A3AHO C YRpasieHuem pe-
cypcamu npoexma. I pamomuno nocmpoennas cmpamecus MapKemuHea seisiemcs 0053amenbHbIM
VCI08UEM YCNEWHO20 YAPAGIEHUs pecypcamu cmpoumenscmea. B npoekmuo-uzvickamenvbckou op-
2aHU3AYUU, 3AHUMAIOWENICS. CIPOUMENbCMEOM HA NPOCAOOYHBIX SPYHMAX, OOHUM U3 CAMbIX B8AMC-
HbIX U 3HAYUMBIX PA30€e08 1100020 NPOEKMa HOB020 CMPOUMeNbCMaa Ul PeKOHCMPYKYUU s615em-
Csl NPOEKMUPOBanue yHOAMEHmMOos, YCuleHue ePYHMOB.

B cmamve onucana npoyedypa gopmuposanus cucmemsvl noxazameneil 01 OYeHKU U 8bloopa
MAMNOHANCHBIX YEMEHMHBIX COCMABO8 NPU CIMPOUMENbCEe HA NPOCAOOUHBIX SPYHMAX C UCHOb-
308aHUeM Memooa IKCHEPMHO20 ONpocd. DMom Memoo NO36015iem 6blA6UMb MHEeHUe Cneyudiu-
CMo8 no ucciedyemorl npoodneme, NPOPAHICUPOBAMb KAKUe-1ub0 NPUSHAKU U ONpedeums CneneHsb
gaxchocmu. J{ns kaxcooeo noxazamens paccuumar kodgguyuenm eecomocmu. C nomowwio pac-
CUUMAHHO20 KO3 huyuenma 6ecomocmu onpedesum cmenetb 3HaAUUMOCMU KOHKPEMHO20 NOKA3A-
mest Olisl OYeHKU Kauecmad.

In today's market, the success of the development and growth of a company largely depends on
the work of the marketer, and on the correctly chosen marketing strategy. To solve the basic prob-
lems of increasing the efficiency of management of the design and survey organization, you need to
work out every component of the future project.

Analysis of the marketing environment and assessment of market opportunities of the organiza-
tion is carried out in the course of comprehensive market research, the purpose of which is to col-
lect information about the market and its study to improve the process of products developing and
marketing. Marketing researches of the market are essential for the success of the products offered
at the market. They are effective when they are considered not only as the process of obtaining
hard-commercial information, but also as a means of achieving the leadership of the organization
by analytical conclusions about the marketing environment changes to improve the management
capabilities of the system.

Marketing research of the construction market is directly related to the management of the pro-
Jject resources. The well-built marketing strategy is a prerequisite for successful resource manage-
ment of construction. In design and survey organizations, involved in construction on collapsible
soils, one of the most important sections of any project of new construction or renovation is the de-
sign of foundations, and strengthening of soils.

The paper describes the procedure for the formation of a system of indicators for the evaluation
and selection of oil-well cement compositions at building on collapsible soils using the method of
expert survey. This method allows for revealing the opinion of experts on the researched topic,
ranking any features and determining the degree of importance. The weight factor is calculated for
each indicator. By using the calculated weight factor the degree of importance for a particular in-
dicator for quality assessment is defined.

KawueBble ¢j10Ba: TaMIIOHAXHBIC IIEMEHTHBIE PACTBOPBI, METOJ SKCHEPTHHIX OIEHOK, KO-
¢unreHT KoHkopaanuu, kpurepuii [lupcona, koapuimeHT BecoMocTu.

Keywords: grouting cement slurry, method of expert assessment, coefficient of concordance,
Pearson criterion, weight factor.
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Pacumiupenne pyHKIHOHAIBHBIX BO3MOKHOCTEI CTeHJa /IJIsl MPOBeAeHUs] YCKOPEHHbBIX MCHbI-
TaHui noAUNMHUKOBBIX onop (Widening the Functional Scope of the Stand for Accelerated
Tests of Bearing Supports)

Cmamops noceésawena npobieme pacuiupeHusi QYHKYUOHANLHbIX B03MONCHOCHEN CMeHOd O
npoGedetUs. YCKOPEHHbIX UCHbIMAHUL NOOWUNHUKOBbIX Onop. B Oannoii pabome onucvieaemcs
@DYHKYUOHANbHAS CXeMa CMeHOd, U320MOBIeHHO20 Ha Kagedpe «Mexamponuvie cucmemvly. Boliu
npeonodcenbl 0gueamens, nepedaid, KOmopwvle UCHOIb3YIOMCsA Ha cmeHde. Paccmompenst 3a0adu,
KOmopule He0OX00UMO peuums ¢ NOMOWbIO U320MOGIeHH020 cmeHOa. OCHOBHOU 3a0auell A6isAen-
cA agmomamu3ayus npoyecca UCNbiManus U ynpoueHue HaKonieHus u oopabomku dKCHepuMeH-
MAIbHLIX OaHHBIX. B cmende 0na suzyanusayuu pe3yibmamos IKCNepUMeHmMaibHO20 UCCIe008aHUs
npumensiemcs HcUOKokpucmannudeckuu unouxkamop KXKH, no ungopmayuu 06 sxcnayamayuon-
Hom yukae noowunnuka JKKHU saeno neoocmamouno. s pewenusi 53moeo 60npoca npeodiodceHo 6
@DYHKYUOHANBHYIO CXeMY CMeHOa BKIIOYUMb MPU CUCIEeMbl: UHGOPMAYUOHHYIO (OJIOK CEHCOPHbIX
yempoticms, mennosuzop u MIIHC), sHepeoanekmpoHHyto (Cunogvle noiynpo8ooHUKo8ble npeoopa-
306amenu) U DIEKMPOMEXAHUUECKYIO (COOepHCUM  IIeKmpoMexaHuuecKkue npeoopazosameint).
IIpeonosicennas uHpopmayuonuas noocucmema no380Jsen pacuupums @QyHKYUOHATbHbIE B03-
Mmoxcnocmu cmenoa. Kaswcoas cucmema noopobno onucana. J{annas cxema cucmemul npeocmasiie-
Ha 6 cmamve. /[ onpeoenenus Koruuecmsea Yukaio8 HacpydceHuil, ubpayutl, 0as usmMepeHus eei-
YUHBL PAOUATLHOL COCMABNAIOWEl BUOPAYUU HAPYIHCHO20 KOIbYA NOOWUNHUKA, MeMNnepamypbl, 8
3A8UCUMOCIU OM OUANA30HA pabouell meMnepamypbul, NPeoioNCeHo 8bloOpamb 0AmM4UKU, y0oeje-
meopsirowue Hawum mpeboganusim. CmeHo Moxicem UMUMUPOSANb YUKIbL HACPYHCEHUSL MeMOOOM
yckopeHnvlx ucnvimanui. Oyenka 8IUsAHUS 8bIOPAHHBIX (AKMOPOE HA O0JI208€YHOCHb NOOUWUNHU-
K0B020 Y3/l NPOBOOUMCSL HA OCHOBE Pe3yIbmamos, NOJIYUYEeHHbIX 8 COOMEEMCMEUU C NIAHOM IKCHe-
pumenma. B oannou cmamve paccmompern 00un u3z memooos, smo memoo Jloxamu. Paccmompenul
npUYUHLL nocpewHocmell danHo2o memoda. llpu ucnoavzosanuu memooa Jlokamu nonyuaromes
HeCKOIbKO 3A6blUEeHHbLE Pe3YIbmamsl, HO Hauboee Ou3Kue K OetlCmeumenbHblM 3HAYeHUM.

The paper is devoted to the problem of widening the functional scope of the stand for carrying out
the accelerated tests of bearing supports. The functional scheme of the stand produced at the
“Mechatronic systems” department is described. A certain engine and gear are proposed to be used
in the stand. Problems to be solved by means of the produced stand are considered. The main prob-
lem is the automatization of the testing process and simplifying the accumulation and processing of
experimental data. To visualize the results of experimental research, the stand includes the liquid
crystal display (LCD), but there is insufficient information on the operational cycle of the LCD bear-
ing. To solve this problem, it is proposed to include three systems into the functional scheme of the
stand: information (block of sensor devices, thermal imaging device and IDNS), energy electronic
(power semi-conductor transducers) and electric mechanic (containing electric mechanic transduc-
ers). The proposed information sub-system allows for widening the functional scope of the stand.
Each system is described in details. In order to determine the number of loading cycles, vibrations, to
measure the value of the radial component of vibration for the outer bearing ring, the temperature
depending on the range of operating temperatures, it is proposed to choose the sensors that meet our
requirements. The stand can imitate the loading cycles by the method of accelerated tests. Assessment
of the influence of the chosen factors on durability of the bearing unit is carried out based on the re-
sults obtained in accordance with the plan of experiments. The paper considers one of the methods —
the Locati method. Causes of errors for this method are considered. When applying the Locati
method, a little uprated results are obtained, but they are the closest to the actual values.



KawueBble cjioBa: (QpyHKIIMOHAIBHAS CXeMa YIPABJICHUS CTEHIOM, aHAIN3 AKCIEPUMEHTAIb-
HBIX JIaHHBIX, BAOPALMOHHBIN aHAIN3 TTOAIINITHUKOB, YCKOPEHHBIE UCTIBITAHUS TTOAIIMITHUKOB, Me-
tox Jlokaru.
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IIpoexTpoBanne HMH(POPMALNOHHO-AHAIUTHYECKOTO mopTana «BupryanbHblii OHn3Hec-
uHkyoaTop» (Projecting the Information-analytical Portal «Virtual Business Incubator»)

B cmamve npedcmagnenvl pe3yibmamovl nPoOEeOeHHO20 AHAAU3A UHDPACMPYKIMYPHOU NOO0EpI’C-
KU MAN020 U cpeoHe2o npeonpuHumamenvcmea 8 Poccuu, komopwiti nokazan, umo cyuwecmsyrom
onpeoeneHublie Npood.IeMbl UHPOPMAYUOHHO20 83AUMOOCUCMBUSL MeHCOY UHCMUMYIMAMU NO00ePI’C-
KU U MATLIMU U CPEOHUMU NPEONPUAMUIMU.

Aemopom npednodceHo peuterue YKa3aHHbix npooiem, Komopoe 0CHOBAHO HA CO30aHUU UHpopma-
YUOHHO-AHAIUMUYECKO20 nopmana « Bupmyanenwiti ousnec-unkyoamopy. OcHosHoe Ha3HaueHue npeo-
J1a2aemo20 nopmana 3aKuo4daemcs 6 asmomMamu3ayuy UHGOPMAYUOHHO-AHATUMUYECKUX NPOYECCOs
83aUMOOEICMBUS. UHCIUNYINO8 NOOOEPHCKU U CYOBEKMO8 MAL020 U CPeOHe20 NPeONPUHUMAMETbCMEA.
B pamkax npoexmuposanusi nopmania noopazymeeaemcs paspabomka uemvlpex UHGOPMAYUOHHO-
aHanumuyeckux OJ10K08 8 paspese Kaxco020 UHCMUMyma UH@GpacmpyKmypHo NOOOEPHCKU.

Ilepesviii 6710k 6KII0UGEmM 6 Cebsi OCHOBHYIO UHPOPMAYUIO O COOMBEMCMEYIOWEM UHCIMUMYMme
NOO00ePIHCKU, 80 8MOPOM Ol0Ke NpeOCmasieHbl HANpAGIeHUs, OKA3blédemble UHCIMUMYMOM NoO-
0epIICKU 8 PAMKAX UHDPACMPYKMYPHOU NOOOEPAHCKU MAN020 NPeOnpUHUMAMeNbCmed, mpemuil
010K npeonasHauen O0sl CYyObeKMo8 Mano2o U CPeoHe20 NPeOnPUHUMAMENTbCMEA U COOEPAHCUM 6
cebe 8cl0 HEOOXOOUMYTO UHGOPMAYUIO O NOTYHAEMOU UHGPACMPYKMYPHOU NOOOEPI’CKe CO CMOpo-
Hbl UHCIUMYmMa NOO0EPIHCKU, 6 Yemeepmom 0ON0Ke NnpedcmasieHvl pe3yibmamsl 0esimeabHOCmu
UHCMUMYMAa NOOOEPIHCKU 8 PAMKAX OKA3AHUS UHDPACMPYKMYPHOU NOOOEPHCKUL.

Pe3ynomamamu co30anus uHGHOpMayuoHHO-aHarumuyeckoeo nopmaia « BupmyanvHulii OusHec-
unkybamopy 6yoym: 1) cozoanue eOounoti un@opmayuorHou 6a3vl 6cex (QYHKYUOHUPYIOWUX UH-
CMUMYmos8 n000EepPIHCKU NO 6CeM PESUOHAM, YO NO3BONUM CIeOUMb 3ad NOKA3AMEeNAMU PA36UMuUs
ungpacmpykmypHou noooepicku; 2) @yHKYyuoHuposamue npuHyuna «0OPAmHOU CEA3U» MeHCOy
UHCIMUMYMAamu N0O00ePIHCKU U CYObEKMamu Maioeo u cpedHe2o npeOnpuHuUMamenbcmea oaazooaps
asmomamuzayuy nepedayu OMYemHsiX OAHHbIX U CO30AHUI0 «OUATI0208020 OKHAY» 0OMeHa HeoOXo-
oumou unghopmayuetl.

The paper presents the results of the analysis of infrastructure to support small and medium-
sized businesses in Russia, which showed that there are some problems of information exchange
between institutions and support for small and medium enterprises.

The author provides a solution to these problems, which is based on the creation of informa-
tion-analytical portal "Virtual Business Incubator”. The main purpose of the proposed portal is
to automate the information and analytical support processes of interaction of institutions and
small and medium-sized businesses. Within the design of the portal, the development of four in-
formation-analytical units in the context of each institute infrastructure support is implied. The
first block includes the basic information on the respective institute support, the second block
presents directions provided by the Institute support through infrastructural support of small
business; the third block is designed for small and medium-sized businesses, and it contains all
the necessary information about the received infrastructure support from the support of the In-
stitute, in the fourth section the results of the support activities of the Institute in the framework
of the provision of infrastructure support are presented.

The results of the creation of information-analytical portal «Virtual Business Incubatory will be:
1) the creation of a common information base of functioning institutions of support in all regions,



which will monitor the performance of infrastructure support; 2) the operation of the «feedback»
principle of between the institutions and the support of small and medium-sized enterprises due to
automation of the reporting data transfer and creation of a dialog exchange of relevant information.

KawueBble cia0oBa: CyObEKTHI MaJIOr0 W CPEIHETO NPEANPHUHUMATEILCTBA, UHPPACTPYKTYpa
MOJICPIKKH, WHPOPMAIIMOHHO-AaHATUTUIECKUN TTOPTaJl, HHCTUTYTHl UHPPACTPYKTYPHOU MOAIEPK-
KW, BUPTYaJbHBIA OM3HEC-UHKYOATOP.
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AHaJM3 peuieHHMi 3a1a4 MpoMexXyTOYHOH OannucTuku (Analysis of Solutions of Intermediate
Ballistics Problems)

B cmamve aemop ananusupyem cocmosinue npodiem pacuema npoyeccos, UMeuux mMecmo 8
nepuoo nocieoeticmausl, u onpeoenerus ddekmusHocmu yYycmpoucmes, pabomarowux 6 3mom ne-
puoo. Paccmampusaromes memoouku pacuema, nocmpoeHuvle Ha AHATUMUYECKUX 3A6UCUMOCTISIX,
U YuCIeHHble MeMmOOUKU, YKA3bI8AIOMCA 0COOEHHOCMU, KOMopble MpeOyemcs yuumuleams npu uc-
NOMb306AHUU PEUEHUl 68 K8AZUCMAYUOHAPHOU UIU 6 HeCMAyUOHAPHOU NOCmaHoske. B cmamuve
nooyepKusaemcs HeobXo0UMoCms Y4umvléams NpuU pacieme napamempos mevyeHus: Haaudue asvl
VCMAHOGIeHUsl, 8 NPOOOINCEHUe KOMOPOU HAON00aemcs 08UdCeHUe 8 2a30800€ YOAPHLIX GONH U
BOJIH PA3PANCEHUS, A MAKIHCE USMEHEHUEe NO00 Oelcmaeuem mepMOOUHAMUYECKUX U BOTHOBbIX NPO-
Yecco8 NOJIOANCEHUST KPUMUYECKUX CedeHUll meyeHusi NOMoKda, 00pazosanue YupKyJIsSyuoHHbIX U 3d-
CMOUHBIX 30H, OPYeUX HECAYUOHAPHBIX 2A300UHAMUYECKUX A6IeHUll. YKa3aHHble npoyeccyl uepa-
OM CYUeCmeEeHHyI0 poiib Npu 06pazosanuu OYJIbHbIX YOAPHLIX 60JH U NIAMEHHOCMU 8bICMpeld,
Ymo 60 MHO20M Onpeoeisem Kauecmeo HACMBOIbHbIX YCMPOUCME CIBOTbHO20 OPYHCUSL.

In this paper the author examines the problems of calculation of processes specific for the period
of aftereffect and of determining the effectiveness of devices that are operating during this period.
Calculation techniques designed by analytic relations and numerical techniques are considered.
Features are shown that should be considered when applying the solutions in quasi-stationary or
non-stationary statements. The paper emphasizes that it is necessity to consider the presence of the
setting phase when calculating the flow parameters, during this phase the following phenomena are
observed: motion of impact waves and depression waves in the gas pipe, variation of the position of
critical sections of the flow under the action of thermo-dynamic and wave processes; generation of
circulation and stagnation zones, and other non-stationary gas dynamic phenomena. The pointed
processes are of essential importance in generation of muzzle impact waves and shot ardour, thus
determining the quality of upper barrel devices of the barrel-type guns.

KawueBble cj10Ba: MPOMEKYTOUHAs OAJUTMCTHKA, PACUET UMITYJIbCa OTIA4U, TICPUO]] TIOCIIEICH-
CTBUSI, onpenescHue 3 (HEKTHBHOCTH TAIICHHSI OTIa4H.
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HNnenTnduranus JOKAJIbHBbIX MOBPEXKICHUI HA Ky30Be aBTOMOOMJISI ¢ LeJdbI0 ONpeaeleHus
oaqHoBpeMeHHOCTH UX o0pa3oBanus (Identification of Local Damages on the Car Body to De-
termine the Simultaneity of Their Formation)



B nacmosawee épems npoucxooum akmuHoe eHeopeHue KOMNbIOMEPHLIX MEMOO08 U CPEOCmE 8
IKCHEPMHYI0 OesimenNbHOCmb. VIcnhonb306anue KOMIbIOMEPHbIX MEeXHON02Ul 8 001acmu dKcnepm-
HbIX UCCIe008AHULL NO3BOISIeN 00BEKMUBHO, KAUeCMBEHHO U ¢ MEHbUUMU BPEMEHHbIMU 3ampamamu
npou3800UMb IKCNEPMHble UCCIe008AHUSL MEXHUYECKO20 COCMOSHUS KY308a agmomoouns. B cmamve
NPeONodCcer NPOSPAMMHO-ANNAPAMHBIL KOMNIEKC OYEHKU NOBPENCOCHUl KY308d A8MOoMooOuns O
CPABHUMENBHO20 AHANU3A UOCHMUPDUKAYUU OOHOBPEMEHHOCTU 00PA308AHUsL NOBPENCOCHUU HA KV30-
8e asmomoOuiIs, HaA OCHOBAHUU KOMOPO2O MONcem Oblmb NPUHAMO peuleHue O NPUHAONEHCHOCHU
Mmexanudeckux nogpedicoenuti k oannomy JTII. OcobenHocmvlo KoMneKca A61semcs onpeoeieHue
OOHOBPEMEHHOCHU BO3HUKHOBEHUSL 04a208 KOPPO3UlU NO XAPAKMEPHOMY USMEHEHUIO YBema NOBPeiC-
OEHHOUL NOBEPXHOCMU KV308a A8MOMOOUNA. B omauuue om cywecmeyromux anano2co8 npocpammHo-
annapamuulil KomMnaekce obnadaem OOIbULEl CKOPOCHbIO NPOBEOCHUSl IKCHEPMU3bI, He HYICHO CO-
noCmagiams KOHMaKmupyrowue no8epxHOCmU, NPosoOUms Mpaccolocuyeckoe uUcciedosanue, yc-
Manasueams cpoku 0asHocmu medcoy momenmom T u Haznauenuem sKcnepmusol.

Currently there is an active introduction of computer methods and tools in the expert activity.
The use of computer technology in the field of expert studies can objectively, efficiently and with
less time produce an expert research of a technical condition of the car body. The paper proposes
a hardware-software complex for damage assessment of a car body for comparative analysis of
identification of simultaneous formation of damage to the vehicle on the basis of which the decision
can be made whether the mechanical damage belongs to this accident or not. The feature of the
complex is the definition of simultaneity of corrosion occurrence on the typical color change of the
damaged surface of the car body. In contrast to the existing analogues, the software and hardware
complex has a higher speed of examination, it is not necessary to map the surface of contact, to per-
form an investigative study to establish the statute of limitations between the time of the accident
and the examination appointment.

KiaioueBble cjioBa: NOBPEKACHHS Ky30Ba aBTOMOOWIIS, aBTOTEXHHUYECKas JKCIEPTH3a, MPO-
rpaMMHO-anmnaparHeli komruieke, A TII.

Keywords: damage to the body of the car, autotechnical expertise, software and hardware, accident.

DOI: 10.22213/2410-9304-2017-1-85-86

YK 673.6.0

B. A. Vcvinun, acnupant, WxI'TY umenn M. T. KanamnukoBa (V. A. Usynin, Post-graduate,
Kalashnikov ISTU)

A. B. ll]enamckuii, TOKTOp TEXHHUYECKUX Hayk, npodeccop, VxkI'TY umenu M. T. Kanamnukosa
(A. V. Shchenyatsky, DSc in Engineering, Professor, Kalashnikov ISTU)

Metoabl koHTpoOJIs coequnenunii ¢ komnayHaom (Methods for Research of Joints with Com-
posite Materials)

B 0anmotl HayuHoll cmambe nposeoer aHaIUu3 paziuyHbix Memooo8 Hepaspyulaoueco KOHmMpOJis
07151 0OOCHOBAHUSI UX NPUMEHEHUsl 8 Kauecmee UHCIMPYMeHmda UCCIe008anUst NPOUYHOCMU K1ee8blX
COeOUHeHUll ¢ KOMNO3UYUOHHbIMU Mamepuaramu. [Ipusedenvl npouHocmmubvle c80UCmMea coeoune-
HULL ¢ HAMSI2OM, 6 30HY CONPSICEHUSI KOMOPBIX 86€0eHbl KOMNAYHObI, C NIOX0 U3YUEHHbIMU A02e3U-
OHHBIMU CBOUCBAMU, NPOBEOEHbL CEPUU KOHMPObHBIX IKCHEPUMEHMOB HA OCHOBE HepA3PYULalo-
WUX U paAspyuarowux Memooos, 0aHa OYeHKa HANPHCEHHOMY COCMOSIHUIO CONPSNCEHUs. U Npujie-
earowux K Hetl cioes. Heobxooumvle ceolicmea Kiee6o2co coeOuHenus 3a8UCAM OM MHOMCeCmsd
GPaKkmopos, 0OHUM U3 KOMOPHIX AGNAEMCS B3AUMOOEUCMBUE C 0COOBIMU YYACMKAMU CKIeUBAEMbIX
nosepxrHocmeiti, Opyeou — cpeoHee 3HaueHue KOHMAKMHO20 0aGleHUs, Komopoe mpebyemcs 0.4
MAKCUMATLHO20 NPUNE2AHUSI NOBEPXHOCMELL.

He3zagucumo om KOHCMPYKMUBHBIX NAPAMempo8 (COeOUuHeHue ¢ 3a30pOoM U COeOUHeHuUe ¢ Ha-
msieom) cnocob coopku obecneyusaem 2apaHmupoSaHHoe 3anoIHeHUe NPOCMPAHCIEA MelCOy CO-
npseaemviMu 0emanamy KOMROZUYUOHHIM MAMEPUATIOM, NOOABAEMbIM 6 30H) CONPANCEHUS PA3-
JUYHLIMU cnocobamu. [ obecneuenus: OanvHetiuie2o NPUMEeHeHUs: COeOUHEHUL HeoOX00UMO YCma-
HOBUMb 83AUMOCE53b NPOYHOCU, ONPEOeieHHOU IKCHEPUMEHMATbHO, U NOKA3AHULl Npubopos npu



Hepaspyuiarouem memooe Kormpois. Takoitl nooxo0 no3eoaum pacuiupums 001acmv NPUMeHeHUs
KaK Kleegblx cOeOUHeHUll, MaK U cOeOUHeHUll ¢ NPOCIOUKOU U3 HAHOCMPYKMYPUPOBAHHO20 KOMAAYH-
0a. Coopra coeOuHeHUll MOodcem OCYUeCmeEIsimbCs NPU OMHOCUMENbHOM CMeUjeHUU cooupaemvix
oemaineli 8 YCI0BUAX HCUOKOCMHO20 MPeHUsl, 00eCneyeHH020 MamepuaIom Kieesoeo KOMNAayHod.

IIposeden 6blOOp Haubosee ONMUMATBLHO2O, C MOYKU 3PEHUsl NPAKMUKU, Memood KOHMPOJs
K€eBblX COeOUHEHULl ¢ HAMA2OM C KOMNO3UYUOHHOU npocaolkou. [lokazano npeumywecmeo me-
mooa 68e0eHUsT CecHeMOIIeKMPULecKux 000a80K 8 KieeoU CNoU 05 OYeHKU NPOYHOCTHLIX Xd-
PAKMePUCMUK K1eegblx COeOUHeHU NPU UCNONb308AHUU AKYCMOINEKMPOMASHUMHO20 MEMOOd.

This scientific paper deals with the analysis of various non-destructive testing methods in order
to justify their application as the tool for investigating the strength of adhesive joints in composite
materials. Strength characteristics are given for the press-fit joints with composites having poorly
studied adhesive properties. A number of test experiments is carried out by destructive and non-
destructive methods; the stressed state of the joint area and its adjacent areas is assessed. Neces-
sary properties of the adhesive joint depend on the variety of factors, one of them is the interaction
with specific areas of the adhesive surfaces, the other one is the average value of contact pressure
that is required for the maximum contact of surfaces.

Independently on the design parameters (clearance joint or press-fit joint), the assembly method
provides for the guaranteed filling of the space between contacting parts by the composite material
supplied into the contact zone by various methods. In order to provide the further application of
Jjoints, it is necessary to establish the interaction between the strength that is determined experimen-
tally and readings of devices at non-destructive testing. Such an approach will allow for extending
the application area of both adhesive joints and joints with the layer of nano-structurized compos-
ite. The assembly of joints can be carried out at a relative shift of the parts to be assembled under
liquid friction provided by the adhesive composite.

The method for controlling the adhesive press-fit joints with the composite layer which is optimal
from the practical point of view has been chosen.

The advantage of the method for introducing the ferroelectric additives into the adhesive layer is
shown when assessing the strength characteristics of adhesive joints at application of the acoustic
electromagnetic method.

KawueBble cjioBa: coelMHEHNE, TIPOYHOCTh, AATE3UsI, BEIOCUMMETPHUECKUN METOJ], UMITYJIbC-
HBIN aKyCTUYECKUU METO/I, CIUTIOIITHOCTD, KOPPEIAIUS, CErHETOKepaMHKa.
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TexHosornueckasi 3pPpeKTHBHOCT, BHEIPEHHMS OJHOBPEMEHHO-Pa3AeIbHO JIKCIUIyaTaluu
o0bexToB (Technological Efficiency of Implementation of Dual Completion of Objects)
Hegmu Yomypmuu xapaxmepu3syiomcs kax mpyoHOU3eieKaemvie, ¢ NOGbIUEHHOU BA3KOCMbIO,
8bICOKUM coOepocanuem napaguna u cmon. bonvuwuncmeo paspabamvieaemvix MecmoposcoeHull
OAO «Yomypmuegpmo» Ha cecoOHAUMNUL OeHb HAXOOSAMCS HA mMpembell U Yemeepmou Cmaouu pas-
pabomok. XapakxmepHviMu 0COOEHHOCMAMU OAHHBIX CMAOULl paspabomox AGJAeMcs 6blCOKUL



memMn CHUMNCeHUs1 000bluU Yene8000pP0008 U SHAUUMENbHBIL POCH 00800HEHHOCMU CKBANCUHHOU
npooykyuu. Jlns  yeeiuueHus 00vbemM08 000biuU NPeONlONCeHAd MeXHON02UsL O0O0HOBPEMEHHO-
pazdenvroll skcnayamayuu 00vexkmog 0ooviuu Hepmu (OPD). Breopenue OPO nozeonum: noo-
KAI0YUmMs opyeue 00vbekmul NAACMO8 3a cyem YNIOMHEeHUs cemku 0e3 OypeHus OONOIHUMENbHbIX
CKBAJICUH U NOBLICUMb PEeHMAOeIbHOCMb 000blUU, 8ecmu pa30enbHblil yuem 000bluu Hehmu no
Kascoomy naacmy. B pabome evisenenvt kpumepuu 3¢pgpexmuenocmu npumeHeHus: mexHor02utl 00-
HOBDEMEHHO-PA30ebHOU 000bluU Hedhmu 21YOUHHO-HACOCHBLIM 000PYO0BAHUEM HA MeCmOopodcOe-
Huu OAO «Yomypmuegpmovy ¢ 6b1COKOBA3KUMU HEDMAMU, NPEOONCEHA OYEHKA MEXHOI0SUYEeCKOU
npumenumocmu OPD na mecmopodcoenuu, npogedensl pacuemvl MexHOI02ULecKoU dhhexmusHo-
cmu 8HeOpeHUss MeXHON02UU 0OHOBPEMEHHO-PA30eNbHOL IKCIIYaAmayuu 00vbekmos 000vluu Hegmu
Ha mecmopodicoeruu. JJokazana yenecooopazHocms ee 6HeOpeHUs.

Oil in the Udmurt Republic is characterized as difficult to extract, with high-viscosity and high
content of paraffin and resins. Most of the fields developed by the OJSC “Udmurtneft” are nowa-
days at the third of forth stages of development. The specific features of these stages are the high
rate of reducing the oil-product extraction and the considerable increase in the water content of the
well product. In order to increase the extraction volume, the technique of dual completion of o0il ex-
traction objects (WEM) is proposed. Implementation of WEM will allow for involving other objects
of shelves due to infilling without drilling the additional wells and increasing the effectiveness of
extraction: to account for the oil extraction for each shelf separately.

The paper identified the criteria for the effectiveness of technologies of dual completion of oil ex-
traction by downhole pumping equipment in the field owned by OJSC "Udmurtneft" with high-
viscosity oil; the assessment of the technological applicability of the WEM in the field is proposed.
The technological efficiency of implementing the technology of dual completion of oil extraction
objects in the field is calculated. The feasibility of its implementation is proved.

KuroueBble cjioBa: 0JHOBpEMEHHO-pa3ieibHas 3kciutyaranus, ycranoBku DIH-IITH ¢ make-
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MeTtoauka omnpenejeHUs CTENEHH OTBEPKACHHS apMaTypbl KOMIIO3UTHOH IOJMMEPHOMH
(Method for Calculating the Degree of Cure of Fiber Reinforced Polymer)

B oannou cmamve npedcmasiena memoouxa onpeoeneHus CmeneHu OmeepiICcOeHusi nPOnumoy-
HO20 KOMNAYHOA NOJUMEPHOU KOMNO3UMHOU ApMAmypbl, paspabomanHas u ymeepiCOeHHas cne-
yuarucmamu komnanuu OO0 «KomAP». Iloopobno onucan npoyecc nod2omosku o00pasyos
u npogedenuss ucnoimanuil. Ha ocnosanuu oanmou memoouku 6 nabopamopuu OO0 «HUHU
«Cmpotinady nposedenvl CpPAGHUMENbHbIE UCNIMAHUS N0 ONPEOeNeHUI) CIMENeHU OMBEEPHCOCHUS.
CMEKNONIACTNUKOBOU KOMNO3UMHOU apMamypbl pasiuyHelX npouzeooumeneil. B kauecmse obpaszyos
ucnonvzosanu cmepichu ouamempom 10 mm. Ionyuennvie 6 x00e UCNBIMAHUL Pe3Vabmamvl NOO-
meepaHcoarom ocoboe npuKkiIaoHoe 3HaueHue OaHHOU XApaAKmMepUCmuKy npu 8vloope muna apmamypbl
07151 pabomul 8 AZPECCUBHLIX YCIOBUSX, A MAKI’CE NPU HENOCPEOCMBEHHOM 8030€UCMEUU COTHEUHOU
paouayuu. YcmanosneHo, umo 0as obecneueHus 00J1208e4HOCMU KOMNO3UMHO20 U30eIus e20 che-
neHb omeepicoenus 00axcHa bvims e menee 95 %.

In this paper the method for determining the degree of cure of the fiber reinforced polymer is de-
scribed. The method is developed by specialists of KomAR Itd. The process of preparing the sam-
ples and carrying out the experiments is precisely described. Based on this method, the experiments
have been performed in “NII Stroylab Itd” aimed at comparing the degree of cure of the fiber rein-



forced polymer of different manufacturers. Rods having the diameter 10 mm have been used as
samples. Results obtained at testing prove the specific applied value of these characteristics when
choosing the type of reinforcement for operation in aggressive environment and at direct action of
UV radiation. It has been noted that the minimum allowed degree of cure to withstand the aggres-
sive environments and UV- radiation should be 95%.

KiaroueBbie ci10Ba: apMaTypa CTEKJIOIUTACTHKOBAs KOMIIO3MTHASI, CTEIIEHb OTBEPXKICHHMS, pac-
TBOPEHHUE B DKCTPAreHTaX, alleTOH.
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HccnenoBanue cyab(aTocTOHKOCTH EMEHTHO-MECYAHBIX TAMIOHAKHBIX PACTBOPOB B YCJIO-
BUSIX MOHMKEHHBIX TEMIEPATyp, COAepKAIUX JH00aBKY MHUKPOKpPeMHe3eMa W YIJIepOIHbIX
HaHOTPYOOK (Research of the Sulphate Resistance of Cement-Sand Grouts Containing Silica-
Fume and Carbon Nano-Tubes Additives Under Low Temperature Conditions)

Hccneoosano enuanue 006a60K yenepooHvlx HAHOMPYOOK U MUKPOKDEMHe3eMda Ha CYabdhamo-
CMOUKOCMb MAMIOHANCHBIX YEMEHMHO-NECYAHBIX PACMBOPO8 8 YCI0BUAX KOMHAMHBIX U NOHUINCEH-
HbIX memnepamyp. Ycmanoseneno, umo 0006aska CycneH3uu yenepooHvlx HaHOmpyooxk mapku «Ful-
vec 100» cosmecmno ¢ muxkpoxkpemuezemom mapku MK-85 nozeonsem coxpanums Koppo3uOHHYIO
CMOUKOCMb YeMEeHMHO-NeCUaH020 MAMNOHANCHO20 PACMBOPA 8 A2PEeCCUBHBIX YCI0B8USX 8 803pACTe
30 cymoxk npu memnepamypax 20 u 5 °C.

Mexanuzm Oeticmeusi KOMNJIEKCHOU 000a8KU 3aKA0UAemcs: 8 CNOCOOHOCMU MUKPOKpeMHe3eMd
CBA3bI8AMb CBODOOHYIO U3BECb, BLIOENAIOUVIOCS 8 pe3ybmame 2UOPAmayuu meepovix pacmseopos
YeMeHmMHO20 KIUHKePA, a YelepOOHbIX HAHOMPYOOK — 8 CO30anuu apmupyrouezo 3¢ pexma.

MukpokpemHezem uckmouaem 603MOHCHOCHb 0OPA30BAHUS NEPBULHO20 IMMPUHSUMA U CNOCOOCHI-
gyem oopazosanuto ¢paz CSH (1), umo noomeepycoeno HK-cnekmpanvhvim ananuzom. Yeniepoouvie
HAHOMPYOKU 3aNOJHAIOM NOPOBOE NPOCMPAHCMEO U BLICIYNAION 8 KAYeCmee YeHMpO8 KPUCMALIU3A-
yuu, Ha nogepxHocmu komopwix aocopoupyiomes gazovt CSH (I). 3a cuem Oeticmeuss 00b6asok noswviuia-
emcsl RIOMHOCHb YeMEHMHO20 KAMHS, a 00pasyvl He paspyularomces 6 azpeccusHoll cpeoe.

Onmumanvroe cooepaicanue 000a80K MUKPOKPEMHe3eMAa U YeaepoOHbIX HAHOMPYOOK 6 cocmase
MAMNOHANCHO20 PACEOPA COOMBEMCMBEHHO cocmasisem (8 uacmsax om maccwl saxcywezo): 0,05
u 0,0025. Yemanoeneno, umo 8gedeHue MUKpOKpeMHe3emMa Yayyuiaem mexHoaiocuiecKue xapakme-
PUCTUKU MAMNOHANCHO20 PACMEOpA — UCKIIOYAem paccloeHue cmecu npu obecneuenuu mpeoye-
MOU NOOBUINCHOCTIU.

The influence of carbon nanotubes and silica-fume to the sulphate resistance of cement-sand
grouts under the standard (20 °C) and low temperature (<5 °C) conditions is investigated. It has
been established that at the age of 30 days the additive of carbon nanotubes “Fulvec 100" with sil-
ica-fume “SF-85" allows for keeping the corrosion resistance of cement-sand grout within aggres-
sive media at standard and low temperature conditions.



Silica-fume absorbs the calcium hydroxide as a result of hydration process of cement solid solutions
and carbon nanotubes create the “reinforcing” effect. This is a mechanism of complex additive action.

Silica-fume excludes the formation of prime ettringite and provides the formation of C-S-H (1)
phases. It has been confirmed with IR analysis. Carbon nanotubes fill the pore spaces acting as centers
of crystal formation with the C-S-H (I) phases absorbed on their surfaces. The additives increase the
density of the cement stone, and the check samples are not destructed in aggressive media.

The optimal concentrations of silica-fume and carbon nanotubes in formation of grout are 0.05
and 0.0025 weight per volume accordingly. The addition of silica fume boosts the technological
properties of grout, such as the composition homogeneity and it excludes the demixture of mortar at
keeping the required consistency.
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IpuHIMOBI CO3aHUA WHTETPHUPOBAHHBIX CHCTEM 0€30MACHOCTH KPUTHYECKH BAKHBIX M MO-
TeHIHAJIbHO onacHbIX 00beKkTOB (Principles of Developing the Integrated Security Systems of
Critical and Potentially Dangerous Objects)

Ha ocnose 0600wennoil knaccugurayuu y2po3, 8030eticmeyioujux Ha yeau 3aujumsol, HOKA3aHo,
ymo cucmema KOMNIAEKCHOU 0e30nacHOCmuU OO0NHCHA (DYHKYUOHUPOBAMb KAK eOUHAs Cucmema
VYNpasnenusl, KOHMpOJs U MOHUMOPUH2A B03MOXCHbIX onacHocmel. Cpedu Hedocmamkos cyuecm-
8YIOWUX NOOX0008 K NOCMPOEHUI0 UHMeZpUposannwvix cucmem 6eszonacnocmu (MUCB) evidenenvl
PA3PO3HEHHOCb  Cyujecmayioujeli Memoooo2uieckol 6asvl K NpoeKmuposanuio U peanuzayuu
HUCE u agmomamuszayuu 6610auu peKOMeHOVEeMbIX peuleHutl, a makxice Omcymcmeue eOUuHvIX
mpebosanutli K cucmemam 6e30nacHOCmu.

C yenvio noguvlutenus Guzuieckoll 3auuUeHHOCMY KPUMUYECKU 8adCHbIX U NOMEHYUATbHO Onac-
Hoix 06vexmos (1100 u KBO) npeodnacaemcs ucnonvb308ames UHMENIEKMYAIbHYIO UHMeZPUPOBAH-
Hyto cucmemy 6eszonacnocmu (MUCE), komopas xapakmepu3zyemcs Henpepbi8HbIM MOHUMOPUHSOM
no coopy, oopabomre, OOKYMEHMUPOBAHUIO (APXUBUPOBAHUIO), nepedayell uHpopmayuu 8 eOuHoM
uUHgopMayuoHHoOM noie.

Ha ocnoge ananuza konyenmyanvhoi mooenu obecneyenusi Komniekcnou oezonachocmu KBO u
1100 cghopmynuposarvl npuHyunvl CO30aHUL UHMESPUPOBAHHBIX CUCTEM Oe30NACHOCIU. NPUHYUN
CUCTMEMHOCU, NPUHYUN eOUHCMBA UHDOPMAYUU, NPUHYUN UEPAPXUYHOCNU, NPUHYUN CEEPMKU
uHgopmayuu, NPUHYUN NOCMOAHHO20 KOHMPOJISl, NPUHYUN UHBAPUAHIMHOCTIU.

On the basis of the generalized classification of threats affecting the target's defense, it is shown
that the integrated security system should function as a unified system of management, control and
monitoring of possible threats. Among the shortcomings of existing approaches to the construction
of integrated security systems (ISS) the fragmentation is highlighted for the existing methodological
framework for the design and implementation of the IISS and the automation of presenting the rec-
ommended solutions, as well as the lack of uniform safety system requirements.

In order to improve the physical security of critical and potentially dangerous objects, it is pro-
posed to apply an intelligent integrated security system (IISS), which is characterized by continuous
monitoring of the collection, processing, filing (archiving), and transmission of information in
a single information field. Based on the analysis of the conceptual model to ensure the comprehen-



sive security of critical and potentially dangerous objects, the principles of integrated safety sys-
tems are formulated: the system principle, the principle of unity of information, the principle of hi-
erarchy, the principle of data convolution, the principle of continuous monitoring, and the invari-
ance principle.
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IloBbilIeHNE HAJEKHOCTH KOJOHHBI HACOCHBIX IITAHI B HAKJIOHHO HANPABJIEHHBIX U IOpH-
3oHTaNbHBIX ckBazkmHax (Reliability Improvement of Sucker-Rod String at Directional and
Horizontal Wells)

B Poccuu ceviute 90 % nedhmanvIx cKEANCUH IKCHIYAMUPYIOMCS CKEANCUHHBIMU UMAH208bIMU HA-
cochvimu yemanoskamu (CLIIHY). [lImaneosas konoHua sensemcs Hauboiee yacmo omKazuléarouyell
eounuyell Hacochozo obopyoosanus. Ilosviuenue nadexcHocmu KoioHHbl HacocHulx wmane CLIHY
ABNAGMCL AKMYATIbHLIM B80NPOCOM 8 npoyecce 000vlyu Hegpmu. Omrazvl HACOCHO20 000PYO08aHUs
NPUBOOAM K NOJIHOU OCMAHOBKE CKBACUH, A CIe008ameNbHO, U K nomepam Hepmu. L{ukiuueckue 3na-
KONnepemMeHHble HASPY3KU 3HAYUMENbHO CHUNCAION pecypc padomuvl wmaHe, npueoosi K npestcoespe-
MeHHbIM omKazam obopydosanus. 11oamomy HeobX00UMO NPUMEHAMb COBPEMEHHble MeXHUYeCcKue pe-
WileHUsl, HaNpagIeHHble HA CHUMICEeHUe O0eliCmBUs OaHHbIX Ha2py30K. B cmamve paccmompenvt ocoben-
HoCcmu pabomsl WMAH20601 KOJOHHbL 8 HAKIOHHO HANPAGIEHHbIX U 20PU3OHMANLHBIX CKBANCUHAX.

More than 90 % of oil wells in Russia are operated with the sucker-rod pumping units. A sucker
rod string is the most often failing unit of the pumping equipment. Reliability improvement of
sucker-rod string is the most important question during operation of wells sucker-rod pumping
units. Failures of the pumping equipment lead to the full stop of wells and, therefore, to oil losses.
Cyclical reversal loads are reducing the operation life of sucker-rod strings dramatically and cause
the timeless failure of the equipment. Therefore, it is necessary to use modern engineering solutions
that reduce this reversal loads. In this paper peculiarities of sucker-rod string operation at direc-
tional and horizontal wells are considered.

Kawuesbie ciaoBa: CIIIHY, xonoHHa HaCOCHBIX INTAHT, OTKa3 00OpYIOBAaHHUS, HAKJIOHHO Ha-
MIpaBJICHHbIE U TOPU30HTAJIbHBIE CKBAKUHBI.
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PacnipocTpaHeHue aHTPOMOTEeHHBIX cejieBbIX TOTOKOB B CeBepo-KaBka3ckoMm peruone
(Abundances of Anthropogenic Mud Flows in the North Caucasus Region)

B cmamve paccmompenst 60npocsl 6030eticmaus X03UCHE8EeHHOU 0esimeIbHOCU HA celesble 516-
JIeHUSl, NPUYUHBL 3APOAHCOCHUs CeNedblXx nomokos. IIposeden ananus ciyyaed cxo0a cOOCMEEHHO aH-
MPONO2EHHbIX (MEXHOLEHHbIX) cenesblx nomokos na meppumopuu Cesepo-Kaskazckozo pecuona.

Ha meppumopuu cenegvix akmugHocmetl 603MOACHOCMU KOHCMPYKMUBHO20 UCNONb308AHUSA Ce-
JIegblX NOMOK08 npodiemamuynsl. Xoms cenesvie OMIONCEHUS. BNOTIHE MO2YM UCHOTIb308AMbCS KAK
CMPOUMeNbHbILL MAMePUal, mem He meHee IKOHOMUYECKULL yujepb om ceieblx NOMOK08 HecoOnoc-
masum ¢ 3¢pghekmom ucno1b308aHUsL OMLONCEHULL.

B c6a3u ¢ nosvluleHHbiM UHMEPECOM YeNo8euecmsa K patloHam NpOAGLeHUs CeNle6blX AGNeHUll
NOSBUNOCH NOHAMUE «Cee8dsl ONACHOCTbY.

B cmamve paccmampugaromcs npuyumbl 603HUKHOBEHUS AHMPONO2EHHLIX, NPUPOOHO-
AHMPONO2EHHDIX, MEXHO2EHHbIX Cellell.

Aumponozcennvle cenu, Umo2om KOMoOpwIX AGNAIOMCA 603HUKHOBEHUE HOBbIX CelleblX OaAcCeliHo8,
Pa3eusaomcs 8 patloHax Haubovbueli X03AUCMBEeHHOU HA2PY3KU HA HUX.

B xauecmee npumepa 803HUKHOBEHUS MEXHOEHHLIX ceneli paccmampusaemcs Aoviees, Kapa-
yaeso-Uepkecus u [lacecman, 20e 803MONCHOCMb B03HUKHOBEHUS Celell Y8eIUUUBACMCs NPIMO
NPONOPYUOHATLHO OMBALAM 2OPHLIX NOPOO 8 DACCENHAX MECHBIX PEK.

Tpuuunamu hpopmuposanus npupoOHO-aHMPONOSEHHBIX Cellell CLYHCAM C8eOeHUe 1eco8, 0ecpaoa-
Yusl 120601 pacmumenbHOCmu, 8C1e0CMeEUe nepesvinaca U Hepa3yMHO20 CEHOKOWEHUs, HAPYUEeHHble
Velbl eCMeCcmEeHHbIX OMKOCO8 CKIOHO8 Npu 06020 podd CMpoumenbHblX pabomax, HenpasuibHAs.
PAacnawiKa CKIoH08 U Opy2ds HePAYUOHANbHAS IKCIIYAMAYUs 2OPHBIX MEPPUMOPpULL. Imo npusooum
K YCUTIEHUIO 3PO3Ull, 803PACMAHUIO CIOKA HAHOCO8, d 3ameM K PA36UMUIO CeleBblX s61eHUL.

Ilpeonazaemas paboma, 0CHOBAHHASL HA UCCLEO0BAHUSAX, HAYYHO-MEXHUYECKUX omyemax, 0000-
Warowux OOKYMeHmax u NyOIuKkayusx omoena 6blCOKOZOPHBIX 2UOPOMEMEOPOLOSULECKUX UCCTE00-
sanuii Cegepo-Kaskasckoeo YI'MC, Oannvix 0 cenenposeieHusx, co0epuHcaujuxcs 6 IumepamypHbix
UCMOYHUKAX, d MAKH*Ce HA APXUBHBIX U CNPABOYHBIX MAMEPUANAX, AGTAEMC NONLIMKOU 0000WUMb
umerowuecst Mamepuaisl o ceiegoll desimeavHocmu Ha meppumopuu Cesepo-Kaskazckoeo pecuona.

The paper discusses the impact of economic activities on the mud flow phenomenon, and the
causes of the origin of mud flows. The analysis of the cases of vanishing actually anthropogenic
(man-made) mud flows on the territory of the North Caucasus region.

On-site of mud flow activity, the opportunities for constructive use of mud flows are problematic.
Although mud deposition may be used as a building material, however, the economic damage from
mud flows is not comparable with the effect of sediments.

In connection with the increased interest of humanity to areas of manifestations of mud flow
phenomena, the concept of "mudflow danger" appeared.

The paper discusses the causes of anthropogenic, semi-natural, and man-made floods.

Anthropogenic mudslides, the result of which is the emergence of new mud basins, are develop-
ing in areas of the greatest economic burden on them.

As an example of the appearance of man-made mudflows, Adygea, Karachay-Cherkessia and
Dagestan are considered, where the risk of floods is increasing in direct proportion to the piles of
rocks in the basins of local rivers.

The reasons for the formation of natural-anthropogenic mud flows are the deforestation, the
degradation of meadow vegetation due to overgrazing and unreasonable mowing, disturbing the
angles of natural slopes in any kind of construction work, improper plowing of slopes and other un-
sustainable exploitation of the mountain territories. This leads to the increased erosion, increased
sediment yield and thus to developing the mudslide phenomena.

The proposed work, based on investigations, scientific and technical reports, summarizing
documents and publications of the department of high-mountain hydro-meteorological investiga-
tions of the North Caucasus, information on mudslide phenomena, and also on archive and refer-
ence materials, is the attempt to summarize the available information on mudslide activity in the
North Caucasus region.
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Mopaenu U MeTOAbI OIleHKH 0€30MACHOCTH KPUTHYECKH BAaKHBIX U MOTEHIIHAJIBHO ONMACHBIX
00bexkToB (Models and Methods for Safety Assessment of Potentially Dangerous Objects)

Cmambs nocesujena ucciedo8anuio 0OCHOBHbIX N00X0008 8 0OIaACMU OYeHKU De30NACHOCIU NO-
MEHYUATbHO ONACHBIX 00bekmos. Paccmompeno onpedenenue b6ezonacnocmu nomeHyuaibHo onac-
HO020 00beKma HA OCHO8e NOCMPOECHUS. UHMESPATbHOU OYEHKU PUCKA, OCHOBAHHOE HA MENOO0L02UU
GPopmuposanus KOMNJIEKCHbIX OYEHOK.

Tokazano umo memoovl oyeHKu 6e30NACHOCMU ¢ NOMOWbIO KOMOUHAYUU MEMOO08 IKCHEPMHOU
OYEHKU, HeUemKUX MHOHNCECME U TOCUKO-8EPOSMHOCHHbIX Memo008 NO360AI0M YCHEWHO OYeHUMb
bezonacHocms cucmemvl 3aujumsl HOMEHYUATbHO ONACHBIX 00BLEKMO8, HO NPAKMuYecKu 6ce20d
mpebyiom yuacmusi 3kcnepma 0ist oyenku ywepoa. Ha ocnose memooa Knemenmca — Xogpgpmana,
8 KOMOpoM OJ1s1 ONUCAHUSL CUCIEMbL 3AUUMbL C NOJHLIM NEePEeKPbIMUeM UCNOIb3VIOMCS. MHONMCeCmEd
Vepo3, MEXaHusMos8 3auumsl U 00beKMo8 3aujumol, NPedsioHCeHA CUCTeMAd MOOETUPOBAHUS U pacC-
uema cOCMOAHUSL 3AUWUWEHHOCTNIU NOMEHYUATIbHO ONACHbLIX 00bekmos. [Ipednodcennas cucmema
npu 8600e OAHHLIX O COOMBEMCMEYIOWUX YePO3aAX U CPEOCMBAX 3auumvl MONMCEM NPUMEHAMbC
0711 pacuema 1100020 8U0A 3AUUUEHHOCIU ONACHBIX 00BEKMO8.

The paper investigates the main approaches in the field of safety assessment for potentially dan-
gerous objects. Determination of safety assessment for potentially dangerous objects is considered
on the basis of developing an integrated assessment of risk by means of the methodology of forma-
tion of integrated assessments. It is shown that the methods of safety assessment by combination of
peer review methods, fuzzy sets and logic-probabilistic methods can successfully evaluate the safety
protection system of potentially dangerous objects, but almost always they require the involvement
of an expert to assess the damage. Based on the Clements-Hoffman method, in which a variety of
threats, defense mechanisms and protection facilities are used to describe the system of protection
with full overlap, the system of modeling and calculating the security of potentially dangerous ob-
ject is proposed. The proposed system of data entry on the relevant threats and remedies can be
used to calculate any kind of security of dangerous objects.

KiioueBble cjI0Ba: MOTEHIMAIBHO ONMACHBIM OOBEKT, MHTETpalbHAs OIEHKAa PHUCKA, MaTpHUIlA
CBEPTKH, CHCTEMa 3AIUTHI C TIOJTHBIM ITEPEKPHITHEM.

Keywords: potentially hazardous object, integrated risk assessment, convolution matrix, protec-
tion system with full overlap.
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Bba3a naHHbIX cpeacTB (PU3NYECKOil 3aIMTHI MOTEHIHAJILHO ONacHBIX 00bekTOB (Database of
Physical Protection of Potentially Hazardous Objects)

Dghpexmusnocms nocmpoenust cucmemvbl PU3ULECKOU 3aUUNMbL NOMEHYUATLHO ONACHBIX 00bLEKMO8
80 MHO2OM 3ABUCUN O KAYECMBEHHO20 NO0OOPA KoMniekmyowux. Beudy moeo umo na ce2o00HawHuil
OeHb He cyujecmsyem eOuHou 6a3bl MeXHUYEeCKUX cpeocms PU3UIecKou 3auumsl, npeoazaemcs pas-
pabomannas ¢ nomowpto MS SQL Server Express 6aza oannvix « Cpeocmea gusuueckoul 3auumsol no-
MEHYUATbHO ONACHBIX 00beKmosy. s npoekmuposanus 6asvl OanHuIX OvLl evioparn Entity-Attribute-
Value (EAV) — nammepn. Ocobennocmoio EAV-nooxooa k npoekmuposanuro A6is1emcs npeocmasiie-
HUe OAHHBIX 8 8UOE PA3PEHCEHHOU MAMPUYbL, 20€ COXPAHAIOMCS MOJLKO HENYCMble 3HAYEHUS.

Ilpeocmasnena konyenmyanoHas Mooeib npeomMemuou ooiacmu ¢ yyemom ocooennocmeti EAV-
noo0xo00a npoeKmuposanus. B omauuue om penayuonnot mooeiu OaHHbIX, 20e Kaxcods CyuHOCmb
XpaHumcsi 8 8uoe omoeabHol madbauysl 8 baze oanHwvlx, 8 mooenu EAV kasxcowiii sxzemnisap cywHo-
cmu — 3mo obvexm. baza dannvix « Cpedcmea guzuueckoi 3auumsl NOMEHYUATLHO ONACHLIX 00b-
ekmos» coenacHo ER-Ouacpamme cocmoum uz mabauy: «objtypen, «objectsy», «strdescy,
«propdescy, «Stringsy, «propertiesy», «units», 4mo no3ojsem XpaHums UHGOpMayuro 0 MHOXCECm-
8e pazHooOPA3HbIX CPEOCME PUUUECKOU 3aWUMbL C PA3TUYHBIMU AMPUOYMAMU.

The efficiency of construction of a physical protection system of potentially dangerous objects
depends on the qualitative selection of components. As today there is no single database of techni-
cal means of physical protection, the database "Means of physical protection of potentially hazard-
ous objects" developed using MS SQL Server Express is proposed. The Entity-Attribute-Value
(EAV) — pattern was chosen for designing the database. The feature of EAV design approach is the
data representation as a sparse matrix, which saves only non-empty values.

The conceptual model of the domain is presented with account of the features of EAV design ap-
proach. In contrast to the relational data model, where each entity is stored in a separate table in
the database, each entity in the EAV model is the object. The database "Means of physical protec-
tion of potentially hazardous objects" according to the ER diagram consists of tables: «objtypey,
«objectsy, «strdescy, «propdescy, «stringsy, «properties», «unitsy, that allows for storing the in-
formation on the multitude of physical protection with different attributes.

KiaroueBnbie cioBa: Entity-Attribute-Value-mozens, cratnyeckasi CTpykTypa 0a3bl JaHHBIX.

Keywords: Entity-Attribute-Value model, static structure of the database.

DOI: 10.22213/2410-9304-2017-1-122-125

JJIs1 OBCY/KAEHUSA

YK 332.14

A. Y. Kopwynos, TOKTOp TeXHUYECKUX Hayk, mpodeccop, k[ TY mmenn M. T. Kamamnnkosa
(4. I. Korshunov, DSc in Engineering, Professor, Kalashnikov ISTU)

P. A. I'anuaxmemoes, NOKTOp 3KOHOMUYECKUX Hayk, npodeccop, Yk TY umenun M. T. Kanaunu-
koBa (R. A. Galiakhmetov, DSc in Economics, Professor, Kalashnikov ISTU)

B. B. Xsopenkog, NOKTOp TeXHHYeCKHX HaykK, npodeccop, UxI'TY umenn M. T. Kanamnukosa
(V. V. Khvorenkov, DSc in Engineering, Professor, Kalashnikov ISTU)



Hayuno-nnnoBanmonHasi esiteqibHOCT WkI'TY umenn M. T. KanamnukoBa B YaAMypTcKOM
Pecnybauke (Research and Innovative Activity of Kalashnikov Istu in the Udmurt Republic)

B cmamwe ompasicenvl ocHogHble pe3ynbmambl, 00CMUHYmble HAYYHO-Ne0a2o2udeckum Koi-
nekmusom UoclI'TY umenu M. T. Kanawnukosa 6 npoyecce peanusayuu Ilpoepammvl cmpamezuue-
cK020 pazsumusi ynueepcumema 6 nepuood 2015-2016 2e. Bvidenenvl ocHo6Hble HANPAsIeHUs: HayY-
HO-UHHOBAYUOHHOU 0eamelbHOCIU YHUGEpCUmema u npeocmasienvl Hauboiee unmepecHvie npo-
exmol. Onucanvl npou3eeoeHHvle CMpPYKmypHble USMeHeHUs U OCHOBHble Meponpusamus 6 ooaacmu
Pazeumus U cOBEPUIEHCMBOBANUA 0OPA308AMENLHO20 NpoYeccd. 3HaUUmenNbHoe BHUMAHUe YOeleHo
g3aumooeticmsuro ¢ npomviuiieHuvimu npeonpusmusamu OIIK u peanvHo2o cekmopa 3KOHOMUKU pe-
auona, nockonvky Howcl TY umenu M. T. Kanawnuxoea npunumaem axmugHoe yuacmue 8 Oesimeib-
Hocmu accoyuayuti, 06vbeOUHAIOWUX Hauboiee KPYNHLIX U AKMUBHbIX pabomoodamenell pecuoHd.
Ilokazano éedyujee mecmo 8y3a 8 opeaHu3ayuu U OCywecmeieHuu UHHOBAYUOHHOU 0eamelbHOCU
6 Yomypmckoii Pecnybnuke 6 mecHOM KOHMAKme ¢ pe2UOHANbHoU eracmoio. Ommeuer 3Havumelb-
HbIL BKIAO YUEHbIX YHUGepcUumema 8 paspabomky u co30aHue npocpamm cmpame2uyeckozo u u-
HOBAYUOHHO20 pA38UMusi psoa KPYNHLIX NPeOnpusimuti pecuond, Yomypmckozo MauuHocmpou-
MenbHO20 Klacmepa u pekpeayuonHozo kiacmepa «Kamckuii bepeey. Ha ocnosanuu écezo gviuie-
UBTIONCEHHO20 COeNlaH 8bl800 O COOMBEMCMBUU O0eAmelbHOCMU YHU8epcumema mpebo8aHusMm,
NpeowbABIAEMbIM K PESUOHATbHBIM ONOPHbIM MEXHUYECKUM YHUBEPCUMEMAaM KAaK YeHmMpam ceHepa-
YUY UHHOBAYUIL.

The paper reflects the main achievements of scientific and pedagogical staff of Kalashnikov
Izhevsk State Technical University in the process of implementation of the strategic development
program of the University during the 2015-2016 biennium. The basic directions of scientific and
innovative activity of the University are emphasized and the most interesting projects are pre-
sented. The structural changes and major events in the field of development and improvement of
the educational process are described. Considerable attention is paid to cooperation with enter-
prises of the defense industry and the real sector of the regional economy, as Kalashnikov ISTU
has been actively involved in the activities of associations, bringing together the largest and most
active employers in the region. The leading place of the university in the organization and imple-
mentation of innovative activity in the Udmurt Republic in close contact with the regional au-
thorities is shown. The significant contribution of scientists of the University in the development
and creation of strategic programs and innovative development of a number of large enterprises
in the region is marked, for example, Udmurt machine-building cluster and recreation cluster
"Shore of Kama". Based on the described above, it is concluded that the activities of the Univer-
sity meets the requirements necessary for regional technical universities to be the centers of gen-
eration of innovations.

KuroueBble cioBa: Hay4yHass ¥ MHHOBAllMOHHAs JIE€ATENbHOCTh, [IporpaMma cTpareruueckoro
Pa3BUTHUS, TEPPUTOPHATBLHBIN HHHOBAIIMOHHBIN KJIacTep, MPOrpaMMa HHHOBAIIMOHHOTO Pa3BUTHSI.

Keywords: research and innovation activity, strategic development program, territorial inno-
vation cluster, program of innovative development.
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