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A. B. Kopenanog, xaugunat (GU3NKO-MaTeMaTHIECKUX HAyK, TOLEHT, M)KeBCKHUil rocy1apcTBEHHBI TEXHUYECKHIA YHUBEP-
cuter umenu M. T. Kamanmaukosa (4. V. Korepanov, PhD (Physics and Mathematics), Associate Professor, department of
Information systems, Kalashnikov Izhevsk State Technical University)
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BJIMSIHUE TEOMETPUM U IIEPOXOBATOCTU OBTEKAEMOM ITOBEPXHOCTU HA IAPAMETPHI U
CTPYKTYPY TEUEHUSI (Research of surface geometry and roughness influence on flow structure and parameters). —
C.5-11.

Ilpedcmasneno uccredosanue 6nusAHUS OOUHOUHOU U PACHPEOeNeHHOU N0 NOBEPXHOCTIU WEePOXOBAMOCIU HA NAPAMENpPbl
meueHus,; onpedeseHa KpUumuieckas 8eIUYUHA Wepoxoeamocmu 0 cgepbvl, npueooawas K bonee panHemy, no CPadHeHuIo ¢
2NA0KOU NOBEPXHOCTNBIO, Nepexo0y K MmypOYIeHMHOMY PeXCuMy medeHus; UCCIe008aHO BIUAHUE 2eOMempPul NO8EPXHOCU
0bmeKaemo20 meia Ha CMpyKmypy medeHus.

The paper presents the research of roughness influence on flow parameters. The critical value of sphere roughness is
determined, which leads to earlier transformation to the turbulent flow as compared to a smooth surface. The influence of the
streamline surface geometry on the flow structure is investigated.

KaioueBble ci10Ba: mepoxoBaTocTh, TYpPOYJIEHTHOCTD, YUCICHHOE MOJICIINPOBAHUE

Keywords: roughness, turbulence, numerical modeling

YK 51-74+624.04+519.673

B. Y. Jlanunos, 3aMecTUTENb TTIABHOTO MHXEHEpa — HadalbHUK oTaena kadectBa; GI'YII «I'VCCT Ne 8 mpu Crnencrpoe
Poccum» (V. I. Danilov, Deputy Chief Engineer-head of quality, Main department of special construction Ne§ of Russia
Federal Agency of Special Construction)

B. E. Jlanun, TOKTOp TEXHWYECKHX HayK, mpodeccop, MbkeBckuii rocynapcTBEHHBIH TEXHUYECKHH YHHBEPCHTET UMEHU
M. T. Kanamaukosa (V. E. Lyalin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

BEPU®UKALIMS MATEMATUYECKOM MOJEJIM COOPYXEHUS HA OCHOBE IIPOBEJIEHUS HATYPHO-
'O DKCHEPMMEHTA JE®OPMAILIMU U PA3PYIIEHUN CYIIECTBYIOIIEI'O CTPOEHMSI C YUETOM M3-
MEHEHUS JIMTOJIOTMYECKOTI'O COCTOSHUSA TPYHTA (Verification of a mathematical model based on the
construction of a natural experiment deformation and destruction of the existing building for the changes in lithology
ground conditions). — C. 11-16.

Paccmompena npoyedypa sepugpuxayuu mamemamuieckoi MoOenu cOOPyHCeHUs Ha OCHO8e NPOBEOEHU HAMYPHO2O IKC-
nepumenma Oeopmayuy U paspyuleHuti Cywyecmesyioweco CmpoeHus ¢ y4emom UMeHeHUs. TUMOI0SUYECKO20 COCOAHUS
epyHma. Ananuz pe3yibmamos no3eo0sem cOeiams 6bleoo, Umo NosiGleHue mpeuwjut Ha gacade 30anus 0elicCmeumenbHo Obi-
JI0 bI36AHO HEPASHOMEPHOU 0CAOKOU YyHOAMENmMA, KOMOpas, 6 C6010 04epedb, B03HUKIA 8 pe3yNibmame JIOKAIbHO20 YXyoule-
HUSL CBOUICME 2PYHIMO0B020 MACCUBA.

This article considers the process of verification of the mathematical model based on the construction of a natural experiment
of deformation and destruction of the existing building for the changes in lithology ground conditions. Analysis of the results
suggests that the appearance of cracks in the facade of the building was indeed caused by the uneven foundation settlement,
which, in turn, is the result of deterioration of local soil mass.

Karouesble ciioBa: nedopmanus U pa3pyleHne CTpOSHHs, MOAEINPOBaHUE, OcaIku (pyHIaMeHTa
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OOKYCHPOBKA 11 YCKOPEHME 3APSDKEHHBIX YACTUL] B BBICOKOYACTOTHOM MATHUTHOM IIOJIE
(Focus and acceleration of charged particles in high-frequency magnetic field). — C. 16-20.



Paccmompena 603M0#cHOCHb YCKOPEHUSL 3APAINCEHHBIX YACMUY U UX NPEYUZUOHHAS POKYCUPOBKA OJisl NOLYYEHUsL bICOKUX
IHePeeMmUeCKUx XapaKkmepucmux NOmoKda Ha MUULEHU.

The possibility of acceleration of charged particles and their precision focus for high energy characteristics of the flow of the
target is considered.

KirwueBble cjioBa: yCKOpeHUE, IPEIU3UOHHASA (POKYCHPOBKA, 3apPsDKCHHBIC YACTHUIIBI, MATHUTHOE TIOJIC

Keywords: acceleration, high-precision focusing, charged particles, magnetic field
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PAH (S. L. Kim, PhD (Physics and Mathematics), Research Associate, Institute of Mechanics Ural Branch of Russian
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[IOTTIPABKM K IMOTEHLIMAJIY B3AUMOJIEMICTBHSI ATOMOB METAJIJIOB HA OCHOBE YYETA B3AU-
MOJIEMCTBHS BHEIIHMX DJIEKTPOHHBIX OBOJIOYEK (Amendments to the potential of interaction between
metal atoms on the basis of interaction between outer electron shells). — C. 20-23.

Brecena nonpaska 6 gusurxo-mamemamuseckyio Mooenb 63auUMO0etiCmeusi Amomo8 Memaiios, OCHOBAHHASL HA JJIeKMpPO-
CMamu4eckom 63aumMoOetcmeuu Mexcoy GHEUHUMU DNEKMPOHHLIMU 0DOJIOYKAMU AMOMO8 XUMUYECKUX dlemenmos. [lopa-
60mKa GuUUKO-MAMeMamusecKoi MOOeIu NO380UIA NOLYHUNb HeNnpepbléHblll NomeHyuan 6e3 ocobenrocmell 1-20 pooa.

Amendment is introduced to the physical and mathematical model of the interaction between metal atoms based on the
electrostatic interaction between outer electron shells of atoms of chemical elements. Further development of physical-
mathematical model allowed obtaining a continuous potential without the features of the 1st kind.

KaroueBble ci10Ba: MaTeMaTniecKkasi MOJIeIb, MEKaTOMHBIE CBSI3HU, AJIEKTPOHHAsE 000JI0UKA aTOMOB, TIOTEHIIAAI
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ro otaenerus PAH (Mxesck) (L. E. Tonkov, PhD (Physics and Mathematics), Senior Researcher, Institute of Mechanics of
the Ural branch of the Russian Academy of Sciences (Izhevsk))

A. A. Yepnosa, xaHAUAT TEXHUYECKUX HAyK, HAYUYHBIH COTPYIOHUK; MHCTUTYT MexaHUKH Ypanbckoro otaeneHus PAH
(MxeBck) (4. A. Chernova, PhD in Engineering, Research Associate, Institute of Mechanics of the Ural branch of the Russian
Academy of Sciences (Izhevsk))

YUCJIEHHOE MOJIEJTMPOBAHUE OTPBIBHBIX TEUYEHHWI TP CTAPTE COIUIA (Numerical modeling of
separation flow at start up of nozzles). — C. 24-31.

Paccmampusaromes npoyeccul, npomexawowue 8 CONIax 6 HAYALbHble MOMEHNbl 3aNYCKA OBUSAMENs. IHEPeMUYECKOlL
yemaroeku. Ilpueodsames pe3ynomamul UCCIe008aAHUT OMPBIGHBIX MEUeHUl 8 CONIAX, 8 YACMHOCMU, NOOPOOHO ONUCHIBAENICS]
Mexanuzm nepexooa om c60600H020 OmMpwIea K ocpanuueHHoMy. Taroice npueoosamcs noiyueHHvlie 8 CONIAX HeCUMMempuy-
Hble MmeyeHus: U AHATUSUPYIOMCA NPUHUHbL UX 00pasosanus u danvreliwei mpauncgopmayuu. Conocmagiaomcs YyucieHHble
Pe3yabmamol, NOIYYEHHbIE C UCHOTbI0BAHUEM PAZTUYHBIX NPOSPAMMHBIX CPEOCS.

The processes of start up of nozzles are considered. This paper presents results of researching the separation flow in
nozzles. Asymmetrical currents obtained in nozzles are given in this article and the reasons of their generation and further
transformation are analyzed. Numerical results obtained by various software means are compared.

KaioueBsbie cjioBa: ra3oBasi JMHaMKKa, CTapT COIUIA, OTPBIB MOTOKA, CBOOOMHBIN oTphIB NoTOKa (FSS), orpannueHHbIi
oTpsIB noToka (RSS)

Keywords: gas dynamics, start up of a nozzle, separation flow, free shock separation (FSS), restricted shock separation
(RSS)
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curer nvenn M. T. KamamaukoBa (V. 4. Tenenev, DSc (Physics and Mathematics), Professor, Kalashnikov Izhevsk State
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IO. H. lllenxosnuxosa, naxenep; VKeBCKUI TOCYJapCTBEHHBIN TeXHUYecKnii yHuBepcuteT nveHH M. T. KamamankoBa
(Yu. N. Shelkovnikova, Engineer, Kalashnikov Izhevsk State Technical University)

VIIPABJIEHUE YMCTOTOM 3ABOSI CKBAXHHBI PEOJIOTMYECKMMU XAPAKTEPMCTUKAMHU BYPOBOI'O
PACTBOPA TIPU HEM3OTEPMUUYECKOM PEXUWME BYPEHUA (Controlling the purity of well’s face by rheological
characteristics of boring solution at non-isothermal mode of drilling). — C. 31-34.

Paccmompena 603modcnocms ynpasnenua kaiecmeom OypeHus ¢ no3uyuy MakCUMAaibHol OYUCIKU 3A0051 peooSUYecKu-
Mu xapaxmepucmukamu 0yposozo pacmeopa. Ha ocnose mamemamuueckoti MoOenu HeU30OMeEPMUIECK020 pexcuma Oypenus
cpopmynuposana 3a0ava ONMUMATLHO20 YNPAGTIEHUA, 00eCne usaowas MaKkCUMym yYHoca nopoosl.

Opportunity of controlling the quality of drilling from the maximum face purification point of view by rheological
characteristics of boring solution is considered. The task of the optimal control providing the maximum breed ablation was
formulated on the base of mathematical model of non-isothermal mode of drilling.

Ki1roueBble ¢j10Ba: CKBaXHHA, OypOBOH pacTBOp, YUCTOTA 320051, PEOJIOTHIECKUE XaPAKTEPUCTUKI

Keywords: well, boring solution, purity of face, rheological characteristics
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Engineer, Ryazan State Radio Engineering University)

MOJEJIMPOBAHUE HEVIIOPAAOYEHHOI'O TIIOJYITPOBOAHUKA CTPYKTYPBI GST225 (Modeling of
disordered semiconductor of GST225 structure). — C. 34—40.

Ilpogedeno uucnennoe modenupogatue Herecupo8anHou u aecuposanroii cmpykmypol GST225 ¢ amopghnom u xpucmar-
JUYECKOM cOCmOosHUU. Buvlsenenvi Haubonee eeposimmuble MOUKU PACTIONONCEHUS Teupyiowux npumecei 6 cmpykmype. [lo-
cmpoenvl 3d-modenu cynepsiuetiki Heynops0o4eHHO20 nOynpo8ooHuKa. HMccrnedosano enusnue aecupylowux npumecei N, Siu O.

Numerical modeling of unalloyed and alloyed GST225 structure in amorphous and crystalline states is carried out. The
most probable locations of alloying impurities in the structure are revealed. 3D models of a super-cell of the disordered
semiconductor are constructed. Influence of N, Si, and O alloying impurities is investigated.

KiroueBble cjioBa: HEyNoOpsSJOYCHHBIE ITONYIPOBOIHUKH, (a3oBasg MaMATh, XaIbKOTCHHIHBIE CTEKIOOOpa3HbIe
MOJYIPOBOIHHUKH, YIIPaBICHUE CBOWCTBAMU MaTEPHAJIOB, JISTUPOBaHUE, HAHOPA3MEPHBIE MJICHKH, HAHOIJIEKTPOHUK

Keywords: disordered semiconductors, phase memory, chalcogenide glass-like semiconductor, material properties
control, alloying, nano-dimensional films, nano-electronics, quantum mechanical modeling
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AHAJIMTUYECKAS MOJEJIb AJIIOMUHHMEBOI'O 3JIEKTPOJIMTUYECKOI'O KOHAEHCATOPA HA RC-
OJIEMEHTAX C PACIHPEJEJIEHHBIMU ITAPAMETPAMMU (Analytical model of aluminum electrolytic capacitor
based on RC-elements with distributed parameters). — C. 41-44.

Paspabomana ananumuueckas mooensb anoMuHUe8020 NEKMPOIUMUYECKO20 KOHOEHCamopa 8 6ude 00HOPOOHOU TUHUU C
pacnpeoeneHHbIMU Rapamempamu co cmpykmypou cioeg euoa R1-Y-R2. B kauecmee dK6U6aNeHMHO20 npedcmasienus nopol
6 AHOOHOU UL KAMOOHOU (holibee NPednoNCeHO UCNOIb306aHue mamemamuieckoi mooeiu RC-snemenma ¢ pacnpedenenini-
Mu napamempamu co cmpykmypoii cnoes R-C-0. Obcyscoaemess 6onpoc nosviuenuss moyHOCHU ONUCAHUA XAPAKINEPUCTIUK
PpeanvHo20 KOHOeHCamopa no CPasHenulo ¢ Haubonee pacnpocmpasenHblMy CXeMOMeXHUYeCKUMU MOOENAMU.

In this article, a construction-based representation of aluminum electrolytic capacitor (AEC) as a uniform RI-Y-R2-line
with distributed parameters is used to develop an improved impedance model in analytical form. A distributed R-C-0 element
is proposed as an anodic or cathodic pore equivalent. In contrast to widely used SPICE models, the analytical model
presented in this paper allows achieving better accuracy when modeling the actual AEC behavior.

KiroueBble cjioBa: aJIOMHHHEBBIN SICKTPOIUTHYSCKIH KOHIEeHCaTop, RC-31eMeHT ¢ pacipeneieHHBIME MapaMeTpaMi,
cXeMa 3aMelIeHUs
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cuter (V. Yu. Stolbov, DSc in Engineering, Dean of Department of Applied Mathematics and Mechanics, Perm National
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M. b. I'umman, nokrop pu3MKo-MareMaTHYeCKuX Hayk; [lepMCKMi HallMOHAIBHBIA MCCIIEAOBATENbCKUNA TTOJMTEXHUYE-
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CUTYALIMOHHBIA I[EHTP KAK MHCTPYMEHT WHTEJUIEKTYAJIM3ALIMU CUCTEMbI YIIPABJIEHHSI
MMPOU3BOJACTBOM (Situational center as instrument of intellectualization of the production control system). — C. 45-49.

Paccmompena npobiema noo0epicKu RPUHIMUsL CO2NACOBARHBIX PEULEHUTI NPU OZHUKATOUUX HA NPEONPUSIINUL CTIONCHBIX
CUMYAYUSIX, CESI3AHHBIX C NIAHUPOBAHUEM U NPOU3800cmeom npodykyuu. Toxkazano, umo 3¢hphexmusHbiM UHCMPYMEHMOM
peanuzayuu MexanuzmMa KOJUIeKIMUGHO20 NPUHSMUSL Peuenutl Modxcem Oblmb CUMYayuoHHbll yenmp npeonpusmus. Ipeono-
JICEHA KOHYENMYabHAsL MOOelb CUMYAYUOHHO20 YEeHMPA, NO360ISI0WAs. OCYWECMEISAMb NPOYECC CO2NACOBANUS. YNPAGIeHY e~
ckux pewenuil. Ilpedcmaenen 603MONCHBII AN2OPUMM RPUHSINUSL PEULEHUL.

Attention is focused on a problem of supporting the consistent decision-making at the enterprise arising from difficult
situations related to planning and production. It is shown that the enterprise situational center may serve as an effective
instrument of a collective decision-making mechanism. The conceptual model of the situational center that allows carrying
out the process of coordination of administrative decisions is offered. The possible decision making algorithm is presented.



KioueBble clioBa: MPOM3BOACTBEHHAs] CUCTEMA, MEXaHU3Mbl YIPABJICHUS, CUTYAllMOHHBIA LIEHTP, aITOPUTM MPHHAITHS
peLieHui
Keywords: manufacturing system, control mechanism, situational center, decision making algorithm
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BaTEJIBHOTO YUPEXKICHUs BBICHIErO NMpodecCHOHABbHOT0 00pazoBanus «HarroHanbHbINH HCCIIEI0BATENILCKUN SACPHBIA YHH-
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B. B. 3axkypaes, kaHINIAT TEXHHYECKHX HAyK, TOLEHT; HOBOYpaNbCKHil TEXHOJIOTHYESCKUH HHCTHTYT — (pUIIHai rocyaap-
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IMPOIIECC CTPYXKOOBPA3OBAHUA U EI'O UI3YUEHUE HA OCHOBE YACTOTHOI'O U CITEKTPAJIBHO-
'O AHAJIM3A (Chip forming process and its investigation on basis of frequency and spectral analysis). — C. 49-55.

ObvexmoMm HayuHOU pabomvl A6ISeMCcs pa3padbomka cnocoda u cpeocms onpeoeneHus: 3PHeKMuUHbIX PENCUMO8 MeXAHU-
yeckoll 0bpabomku nymem OUAZHOCMUKYU npoyecca pe3anus. B pamkax dannoil pabomul paccmampusaemcs usyueue Oe-
DopMaAyUOHHBIX XAPAKMEPUCTNUK NPOYECCa CIMPYICKOOOPA308AHUS HA OCHOBE YACMOMHO20 U CHEKMPAIbHO20 ananusa. Llens
O0aHHOU pabomvl — HA OCHOBe U3YUeHUsT 0eOPMAYUOHHBIX XAPAKMEPUCIUK NPOYecca Pe3anus, 3anucu u 0opabomxu euobpa-
YUOHHBIX (UHPOPMAYUOHHBIX) XAPAKMEPUCTUK NPOYECCA MEXAHUYECKOU 00pabomKy YCMaHo8Ums 803MONCHOCHb onpeoesie-
Hus 3¢phekmuero2o pesxcuma 0opabomxu.

The object of the scientific work is the development of the method and facilities for the optimal machining parameters
through diagnostics of the cutting process. Within the framework of the given work the deformation characteristics of the chip
forming process are studied based on the frequency and spectral analysis. The purpose of this scientific work is to set the
possibility of determining optimal machining parameters on the basis of studying the deformation characteristics of the
cutting process, recording and processing of vibration (information) characteristics of the machining process.

KaroueBbie cioBa: TokapHas 00paboTka, 3(QEeKTUBHBIC PEXKUMBbI pe3aHus, AepOpMallMOHHBIE XapaKTEPUCTHUKH, CIIEK-
TpaJIbHBIN aHAIU3

Keywords: turning, optimal parameters of machining, deformation characteristics, spectral analysis
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OB VIIPOILIEHUU JUHAMHWYECKOM MOJIEJIM TPAHCMUCCHUM TUBPUIHOI'O JIETKOBOI'O ABTOMO-
BIJIA (On the simplification of dynamic model of powertrain of the hybrid car). — C. 55-58.

Ynpowenue ounamuueckux modeneii 8bINOIHACMCA ¢ Yenbio YCKOPEHUA U 00e2UeHUs NPOBeOeHUs PACYenO08, CEAZAHHBIX C
OUHAMUKOU MEXAHUYECKUX CUCIEM, NPU NPpAKmuyecku HeusmMeHHou mounocmu. Paccmompen eonpoc o neobxooumocmu yn-
powenus OUHAMUYECKOT MOOeTU MPAHCMUCCUU JIE2KOBO20 ABMOMOOUA ¢ 2UOPUOHOT IHEP2OCUNIOB0U YCIMAHOBKOU NApAieNb-
HOU KOMNOHOBOYHOU CXEMbl.

Simplification of dynamic models is carried out for the purpose of speedup and ease of performing computations
connected with dynamics of mechanical systems when accuracy is approximately constant. The question of necessity of
simplifying the parallel hybrid car transmission dynamic model is examined in the article.

KaioueBbie ciioBa: ruOpuaHbIi aBTOMOOHIIb, TPAHCMHCCHSI, IWHAMUYECKast MOZIENb, METOJI MapIHaIbHBIX YaCTOT

Keywords: hybrid car, transmission, dynamic model, method of partial frequencies

YK 656.13.658

JI. III. Kaowviposa, actimpaHT; VXEeBCKHI TOCYZapCTBEHHBIH TeXHHWYecKnid yHuBepcuteT mMmeHH M. T. Kamammwmkosa
(L. Sh. Kadyrova, Post-graduate, Kalashnikov Izhevsk State Technical University)

A. @. Mxpmusan, KaHIUAAT TEXHHIECKUX HAYK, TOUEHT; VKeBCKUI rOCyIapCTBEHHBIN TEXHUYECKUH YHUBEPCUTET UMECHU
M. T. KanamnukoBa (4. F. Mkrtchyan, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

BbIBOP TTOKABATEJIEW YTHJIM3AILIMM BO MHOXECTBE IIOKA3BATEJIEMM KAYECTBA ABTOMOBUJISA
(Selection of recycling criteria in variety of automobile quality indexes). — C. 57-62.

Paccmompennvl 6onpocul ymunuzayuu asmomoounel, a umMeHHo ebl60p noxkazamenei kavecmea asmomoouns. Onpedeneno,
umo 015 6b1OOPA NOKA3AMEIN KA4ecmed asmoMoOUNa ¢ MOUKYU 3peHUs e20 YMUTUSAYUOHHOU CNOCODHOCMU Heo0X00UMOo pe-
wumsb 08e 3a0aui: onpeoeseHue KOIUIeCMEeHHbIX 3HAYeHUll NOKa3amenell YMunu3ayuy no U36eCMHbLM 3HAYEHUSM NPOeKm-
HbIX NAPAMEMPO8 U HAXONCOCHUE HAULYHULEe20 PeuleHUs U3 MHOJICECMBA Memo008 YMunu3ayuu asmomoouel.

Questions of automobiles recycling, specifically, the selection of automobile quality indexes, are examined in the article. It
is defined that in order to select automobile quality index from the point of view of its recycling capability it is necessary to



solve two problems: definition of values of the recycling criteria by means of known values of the project parameters and
finding the best solution from variety of cars recycling methods.

KaioueBble ci10Ba: aBTOMOOWIIb, YTHIIM3ALMS, BTOPUYHOE HCIIOIb30BAHNE MAaTEPHUAIOB

Keywords: automobile, recycling, secondary usage of materials

YK 004.942

B. C. Kysneyos, xanouaaT TEXHHYECKUX HayK, IOIEHT; [JIa30BCKUI WH)KCHEPHO-DKOHOMHYECKUH HHCTUTYT ((uiInain)
MxkeBcKOro TOCYIapCTBEHHOro TexHmdeckoro yHuBepcutera umenn M. T. KamammuwkoBa (V. S. Kuznetsov, PhD in
Engineering, Associate Professor, Glazov branch of Kalashnikov Izhevsk State Technical University)

A. C. Ky3neyos, KaHauaT TEXHUYECKUX HayK, JOLUEHT; V>KeBCKHMIl rocyAapCTBEHHBIM TEXHUYECKUH YHUBEPCUTET UMEHU
M. T. KamamankoBa (4. S. Kuzmetsov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

E. B. Moeunvruxos, KaHIUIAT TEXHUIECKUX HAYK, TOIEHT; | Ta30BCKHUI HHKEHEPHO-IKOHOMUYECKUH MHCTUTYT ((ruTran)
WxeBcKoro rocynapcTBEHHOTO TexHH4eckoro yHmBepcureTa umenn M. T. Kamammwmkosa (E. V. Mogilnikov, PhD in
Engineering, Associate Professor, Glazov branch of Kalashnikov Izhevsk State Technical University)

HUHTEI'PALIUS CAIIP B 3AJJAUAX HCCJIIEAOBAHHMS JIOKAJIM3AIIMM KOHTAKTA APOYHBIX 3YBLEB
(Integration of CAD in problems of investigating the arch tooth contact localization). — C. 62—66.

Paccmampusaromes 6onpocsl nogvluienus dghexmuenocmu pewienus nPUKiIaoublx 3a0ay UCCLe008aHUs TOKAIUZAYUU
KOHMAaKma apoyHvlx 3y0bee nymem CO30aHUsL UHMESPUPOBAHHO20 NPOSPAMMHO20 PEeuleHUusi Had OCHOBe CUCHeMbl
MAMeMAmuyecko20 NPOSPAMMUPOBAHUS U PYHKYUL unmepgheiicos npoepammuposanus npunodicenuil (API).

The article examines the efficiency of solving the applied tasks of researching the arch tooth contact localization by creating the
integrated software solutions on the basis of mathematical programming and functions of application programming interfaces
(API).

KuaroueBsbie cjioBa: apodHEINA 3y0, MPOrpaMMHBI KOMIDICKC aBTOMAaTH3UPOBAHHOTO pacdyeTa, MOJICIHPOBaHUE TUTaHETAp-
HBIX TIepead ¢ JIOKATN30BAaHHBIM KOHTAKTOM, MaTeMaTHIECKOE TIPOTPaMMHUPOBAHIE

Keywords: arched tooth, software for automated calculation, modeling of planetary gears with localized contact,
mathematical programming

YK 621.979

C. B. Ky3neyos, KannuiaT TeXHUYECKUX HayK, JOIEHT, HIkeropoackuii rocy1apcTBEeHHbIH TEXHUUECKUH YHUBEPCUTET IMEHU
P. E. Anekceesa (S. V. Kuznetsov, PhD in Engineering, Associate Professor, Nizhny Novgorod State Technical University named
after R. E. Alekseev)

SKCIEPUMEHTAJIBHOE OITPEJEJIEHUE TIOIMEPEYHBIX CWJI, BOSHUKAIOUINX ITIPU BBIIIOJHEHUU
OIEPALIMII OBPABOTKH METAJUIOB JABJIEHUEM (Experimental definition of cross-section forces arising at
operations of pressure metals processing). — C. 66—69.

Paboma nocesawena pazpabomxe d3KCnepuUMEHMANbHBIX CNOCOO08 HENOCPEOCMBEHHO20 U KOCBEHHO20 ONpedeieHls none-
PEUHBIX (2OPUZOHMANLHBIX) CUL, B03HUKAIOWUX NPU GbINOIHEHUU MEXHOIOSUYECKUX onepayui 00pabomrku Memaniog 0aeieHu-
eM 8 3a8UCUMOCTU OM YCIIOBUL UX NPOBEOCHUS.

The work is devoted to development of experimental ways of direct and indirect definition of cross-section (horizontal)
forces arising when performing the technological operations of metal processing by pressure depending on their performance
conditions.

KiroueBbie ciioBa: 00pa0b0Tka METAIIOB IaBJICHUEM, MTOTIEPEIHBIE CHIIBI, CITOCOOBI OTPEACIICHHUS CHIT

Keywords: processing of metals by pressure, cross-section forces, ways of force definition

YK 623.45(045)

1O. H. Jlunuenko, KaHIUIaT TEXHUYECKUX HAYK, 3aMECTUTEIb TeHEPATBbHOI0 JUpEeKTopa — Aupekrop; Horuuckuit dpunman
OAO «HIIO «IIpubop» (Yu. N. Lipchenko, PhD in Engineering, Deputy CEO, CEO of Noginsk Department of PC "SPA"
Pribor")

I'. B. [[bimbanos, Had4adbHUK KOHTPOJIBHO-UCHBITaTeNbHOM cTaHnny; Horuuackuit pumman OAO «HITO «IIpudop» (G. V.
Tsymbalov, Head of control and test station of Noginsk Department of PC "SPA" Pribor")

P. P. Illapunog, 3amecTHTeNh Ha4aJbHUKA KOHTPOJIBHO-HCHBITaTeNbHON cranuuu ; Hormuckuii ¢wman OAO «HIIO
«IIpubop» (R. R. Sharipov, Post-graduate, Kalashnikov Izhevsk State Technical Univeristy, Deputy head of control and test
station of Noginsk Department of PC "SPA "Pribor")

B. U. 3aboromckux, TOKTOp TEXHUYECKNX HAYK, CTApUINHA HAYYHBIH COTPYAHUK, mpodeccop; MkeBckuit ToCyqapCTBEeH-
HbIIl TexHuueckuil yHuBepcurer umenn M. T. KanamnukoBa (V. I Zabolotskikh, DSc in Engineering, Senior Research
Worker, Professor of “Electrical Engineering” Department, Kalashnikov Izhevsk State Technical University)

ABTOMATU3UPOBAHHBI KOMIUIEKC PETUCTPALIMA BUJAEOMH®OPMAIIMU IIPM TTPOBEJIEHHU
UCIBITAHUIN MAJIOKAJIMBEPHBIX BOEIIPUITACOB (Automated complex of video information recording in tests
of small-caliber ammunition). — C. 69-73.

IIpugeden cocmas asmomamu3upoSaHHO20 KOMNIEKCA pe2Ucmpayuy 8u0eoungopmayuu 0l NPo8edeHUsl UCHLIMAHUL MAIOKa-
JUOEPHbIX 60ENPUNAcos U SPAHAMOMEMHBIX 8LICIIPENOS, CROPMYTUPOBAHLL OCHOSHbIE Mpebosanus K e2o cmpykmype. Paccmompe-
Hbl HpUMepbL NPUMeHeHUs npogeccuonanvholl sudeokamepul « Canon XL2y ¢ KoMnieKmMom 00beKmu6os, CKOPOCHHOU 8U0eoKame-
pol «Buoeocnpunmy ¢ makcumanvrotl uacmomoti kaopos 10 000 kadpog 8 ceKkyHOy, 8bICOKOCKOPOCHHO20 pesucmpamopa ¢ 4ac-
momotui Kaopog 6onee 2 MIH KA0pO8 8 CeKyHOY.



The composition of the complex automated registration video for testing small-caliber ammunition and grenade launcher
rounds is shown, the main requirements to its structure are formulated. The examples of application of professional
camcorders "Canon XL2» with set of lenses, high-speed video camera "Videosprint” with a maximum frame rate of 10,000
frames per second, high-speed recorder with a frame rate of more than 2 million frames per second are considered.

KioueBsbie ciioBa: ManokanuOepHbie 00CMpPUIIAChl, PErHCTpalus, BUACOMH(OPMALIHS, TPOLIECC U3MEPEHHs, aBTOMaTH3a-
115, CKOPOCTh U HAMpPABJICHHUS pa3jieTa (parMeHTOB

Keywords: small-caliber ammunition, registration, video information, process of measurement, automation, speed and
direction of scattering fragments

YK 629.113

B. K. Mazey, ctapmnii npenojaBarenb; xeBckuil rocy1apcTBeHHbI TexHndeckui yausepcuteT umenu M. T. Kananuu-
koBa (V. K. Mazets, Senior teacher, Kalashnikov Izhevsk State Technical University)

H. M. ®unbkun, TOKTOp TEXHUYECKHX HayK, podeccop; MkeBckuii rocy1apCcTBEHHBII TEXHUYECKUH YHUBEPCUTET HMEHH
M. T. Kanamaukosa (N. M. Filkin, DSc in Engineering, Prof., Kalashnikov Izhevsk State Technical University)

T. 1O. Tony6, noueHt; MxeBckuil ToCyIapCTBeHHBIM TexHUYeckuil yHuBepcuteT mmern M. T. Kamammwmkosa (7. Yu.
Golub, Assistant Professor, Kalashnikov Izhevsk State Technical University)

HOAXOJ K CTPYKTYPHOM OINTHUMU3ALIMA KOHCTPYKLIMU TUBPUIHOIO ABTOMOEBWJISA (Approach
to the structural optimization of hybrid car construction). — C. 74-75.

IIpobaemvl noguluenus MONIUGHOU IKOHOMUYHOCIU U YMEHbUEHUS He2aMUBHO20 GNIUAHUA ABMOMOOUNLHO20 MPAHCHOD-
Ma HA OKPYHCAIOWYIo cpedy HapAdy ¢ YCOBEPUIEHCMEO8AHUEM NPUMEHAEMbIX dgueameneli mpedyiom noucKka NPUHYUNUATLHO
HOBbIX KOHCIMPYKMuUGHuIX peuteruti. OOHUM U3 NepCneKMusHbIX HanpasieHull AGIAEMcs co30aHue U NPUMeHeHUe 8 KOHCMPYK-
Yuu agmomoounss KOMOUHUPOBAHHOU IHEP2OCUNIOB0Ll YCIAHO8KU. B cmambe paccmampueaemcs HeodXooumocmy 8u160pa u
obocnosanue ONMUMU3AYUU CIMPYKIMYpbl KOHCIMPYKYUU 2UOPUOHO20 A8MOMOOUIAL.

Problems of improving the fuel efficiency and decreasing the negative influence of automotive transport to environment
along with development of applied engines require searching the principally new constructional decisions. One of prospective
directions is the development and application of combined energy-power plant in the structure of a car. Necessity of selection
and explanation of structural optimization of hybrid car construction is examined in the article.

KuroueBble c10Ba: THOPHIHBIN aBTOMOOHIIB, KOMOMHUPOBaHHAS SHEPTOCUIIOBAs] YCTAHOBKA, KOHCTPYKTHBHAS ONITUMHU3ALIHS

Keywords: hybrid car, combined energy-power plant, structural optimization

YK 621.77

B. I Mopososa, acnupant; VbkeBckuil rocyiapcTBeHHbIN TexHn4eckui yHuBepcuteT umenu M. T. Kanamnukosa (V. G.
Morozova, Post-graduate, Kalashnikov Izhevsk State Technical University)

. I'. Jlpecesinnuxog, KaHIUAAT TEXHUYECKUX HAyK, JOLEHT; VKeBCKUH roCcyAapCTBEHHBIA TEXHUYECKUNH YHUBEPCUTET
nmenn M. T. Kanamnukosa (D. G. Dresvyannikov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State
Technical University)

FO. O. Muxaiinos, MOKTOp TeXHHYECKHX HayK, mpodeccop; VKeBCKHMA ToCyTapCTBEHHBIH TEXHUYECKUN YHHBEPCHTET
nvmean M. T. Kamammukosa (Yu. O. Mikhaylov, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical
University)

WoxeBckmii rocyJapCcTBEHHBIN TeXHUIecKui yHuBepcuteT nMeHn M. T. Kanamaukosa

MOJIEJINPOBAHUE IIPOLIECCA KAJIMBPOBKM B ITPOTPAMMHOM IIPOAYKTE QFORM (Modeling of
sizing process in QForm software product). — C. 76-78.

IIpeocmasnenvl pe3ynomamol MAMEMAMUYECKO20 MOOSTUPOSAHUA NPOYecca KatubposKu 3a20mosku ona oemanu «Kop-
nycy» 6 npocpammuom npooykme QForm.

The article discusses results of the mathematical modeling of sizing process of a billet for a "Casing” part in QForm
software product.

KaioueBsie cioBa: kanOpoBKa, MOJICIMPOBAHNE, ITyaHCOH, MaTpHIla, HapaMeTpsl 1e(OPMUPOBAHHS

Keywords: sizing, modeling, punch, die, deformation parameters

YK 681.527.7

1O. P. Huxumun, KaHARIAT TEXHUIECKUX HAYK, JOIEHT; VKeBCKUI TOCYIapCTBEHHBI TEXHUIECKAN YHUBEPCUTET UMEHU
M. T. KamamawnkoBa (Yu. R. Nikitin, PhD in Engineering, Associate Professor, Department of Mechatronic Systems,
Kalashnikov Izhevsk State Technical University)

HU. B. Abpamos, NOKTOp TEXHUYECKHUX HayK, podeccop; VkeBckuil rocy1apcTBEHHbIN TEXHUYECKHI YHUBEPCUTET UMEHH M.
T. Kanaunukosa (I. V. Abramov, DSc in Engineering, Professor, Department of Mechatronic Systems, Kalashnikov Izhevsk
State Technical University)

1. 4. Cmenanos, acimpaHT, CTapIlIvi MpenoaaBareib; HoBoypalbCKuil TEXHOIOTHYECKUI HHCTUTYT — (HIIHANl TOCYIapCT-
BEHHOTO aBTOHOMHOTO oOpa3zoBarenbHOro yupexzaeHus (P. I Stepanov, Post-graduate, Senior Teacher, Department of
Automation Control, Novouralsk Institute of Technology — branch of the State educational institution of higher professional
education "National Research Nuclear University “MEPhI”)

BBICHIET0 NMpodecCHOHaIBHOr0 00pa3oBanus «HannoHamsHbIH Uccien0BaTenbCKuil ssaepHblii yHuBepeuter « MO

JIOTUKO-JIMHI'BUCTUYECKAS MOJEJIb TMATHOCTUPOBAHUMSA U ITPOTHO3MPOBAHMA OCTATOYHOI'O
PECYPCA MEXATPOHHBIX OBBEKTOB (Logical linguistic model of diagnosing and predicting the residual life of
mechatronic objects). — C. 79-87.



Paccmampusaemest nocuxo-nunesucmuyeckas mMooeib OUAeHOCMUPOBAHUs U NPOSHOZUPOBAHUSL OCMAMOYHOZ0 pecypca
MEXAMPOHHBIX 0OBLEKMOB, UMEIOWUX UEPAPXULECKYIO CIPYKIMYPY U NOCMPOEHHBIX N0 MOOYIbHOMY npunyuny. [Ipednodcennast
MoOenb GKAIOYAEN ONUCAHUE UCXOOHBIX TUHSGUCTNUYECKUX NEPEMEHHBIX U MEXHUYECKUX COCMOSHUL, dNeKMPOMEXAHULECKUX
yempoticma, 6a3 npasui CUCMeMbl He4emKo20 8bl600d 0Jis ONpedeieHUsi MEXHUYEeCK020 COCHOSIHUSL.

The paper describes the logical linguistic model of diagnosing and predicting the residual life of the mechatronic objects
that have a hierarchical structure and are constructed in a modular fashion. Logical linguistic model of diagnosis and
prediction of mechatronic objects is a complex consisting of a description of the source of linguistic variables and technical
conditions, the laws of the physical processes of degradation in the mechanical, electrical, electromechanical, electronic
devices, patterns between defects and diagnostic parameters, characteristics and modes of operation of mechatronic objects,
the rule base of fuzzy inference system to determine the technical condition.

KiroueBble cJjioBa: MeXaTpOHHbIE OOBEKTHI, JUACHOCTHPOBAHUE, MPOTHO3UPOBAHUS OCTATOYHOTO pECcypca, JIOTHKO-
JIMHTBUCTUYECKAs! MOJIEIb

Keywords: mechatronic objects, diagnosing, predicting the residual life, logical linguistic model

V]IK 658.512

O. B. Huxumuna, KaHIUIAT TEXHUYCCKUX HAYK, MOICHT, BOTKMHCKHH (umran VHKeBCKOro rocy1apCTBEHHOTO TeXHHUYe-
ckoro ynuBepcurera uMenn M. T. Kanamnukosa (O. V. Nikitina, PhD in Engineering, Associate Professor, Votkinsk branch
of Kalashnikov Izhevsk State Technical University)

A. I0. Vpazbaxmuna, KaHIUIAT TEXHUYECKUX HAYK, TOUCHT; BoTKuHCKHMIA (usman MKeBCKOro rocy1apcTBeHHOTO TEeXHU-
yeckoro yHuBepcurera uMeHn M. T. Kanamnukosa (4. Yu. Urazbakhtina, PhD in Engineering, Associate Professor, Votkinsk
branch of Kalashnikov Izhevsk State Technical University)

MATEMATHUYECKHUE MOJIEJIU TTOKA3ATEJIEM KPUTUYHOCTU B PABOTE TEXHOJIOTMYECKHX CHC-
TEM HA TIPUMEPE ®PE3EPHOII OBPABOTKU (Mathematical models of indicators of criticality in work of
technological systems on the example of milling processing). — C. 87-92.

Pacemampuearomes kpumuyeckue cumyayuu, KOmopbie MO2Yyn 603HUKHYMb NPU (hpe3eposanuu 0emanei paKem. UsHocC
3Y0be6 (hpe3vl; HePaAGHOMEPHOCMb (Ppe3eposanis; OMKIOHEHUSL OM MOYHOCIU (OPMbL U WEPOX08AMOCU, HU3KASL NPOU3EO-
OUMenbHOCMb, GblCOKASI MeMnepamypa 6 30ne (hpezeposanus. Paspabomanvl nokazamenu Mamemamuieckou mMooenu Ons
YUCTOBOU OYEHKU BEPOSIMHOCU O3HUKHOBe UL Kpumuyeckux cumyayuil. Ilo 3Hauenusm noxazameneti oyeHenvl 06d 8apu-
anma coCmosiHusi MeXHOA02UYECKOU CUCEMbL (Dpe3ePOBaAnUs.

Critical situations which can arise when milling details of rockets are considered: wear of mill teeth; unevenness of
milling; deviations from the shape and roughness accuracy; low productivity; high temperature in a milling zone. Indicators
of mathematical model are developed for a numerical assessment of probability of critical situation emergence. According to
values of indicators two options of the state of the milling technological system are estimated.

Keywords: critical situations, mathematical model, rocket case, milling processing

KiroueBsble ci10Ba: KPUTHUESCKUE CHTYALUH, MATEMAaTHYESCKas MOJIEITb, KOPITYC PaKeThl, GppesepHas 0OpadoTka

YK 669-621.785

A. Il. Huwma, KaHAUAT TEXHUUECKUX HAYK, NOLEHT; V>KEBCKHMI rocyJapCTBEHHBIN TEXHUUECKUM YHUBEPCUTET UMEHU M.
T. Kanamamnkosa (4. P. Nishta, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk state technical university)

A. H. Cxeopyog, KaHIUIAT TEXHUISCKAX HAYK, MOLEHT; V>keBCKUl TOCyNapCTBEHHBIN TEXHNUECKUI YHUBEPCUTET UMEHU
M. T. KanamnukoBa (4. N. Skvortsov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk state technical
university)

KOHEYHO-3JIEMEHTHOE MOJEJIMPOBAHUE HAIIPSDKEHHOI'O COCTOSHUSA TOPAYEIHYTOI'O OT-
BOJIA TTPOM3BOJCTBA OO0 «HE®TEI'A3JIETAJIb» (Finite element modeling of the stressed state of the hot bent
branch manufactured at LL.C "Neftegazdetal'). — C. 93-96.

Paccmampusaemcst 60npoc KOHEUHO-I1eMEHMHO20 MOOCTUPOBAHUS HANPSIICEHHO20 COCMOSHUSL 20PAYESHYMO20 0MBO0d
npU HA2pysHCceHUuU pabouum, UCNBIMAMETbHLIM U NPEOebHbIM BHYMPEHHUM Od6leHUeM.

The paper considers the question of finite element modeling of the stressed state of the hot bent branch when loaded by
operating, testing and ultimate internal pressure.

KiaroueBbie cj10Ba: KOHSYHO-3JIEMECHTHOE MOJISIIMPOBAHIE, TOPSICTHYTHIH OTBOT

Keywords: hot bent branch, finite element modeling

YK 621.9.04

C. A. ITnamos, nadanpauk otaena ACYTII; OOO «HIIL «IIpyxuna» (Mxesck) (S. A. Platov, Head of process control,
SPC “Spring”, 1zhevsk)

FO. B. Typwieun, HOKTOp TEXHHYECKUX HAYK, mpodeccop; VkeBckuii roCy1apCTBCHHBIH TEXHUYECKUN YHUBEPCUTET UMEHH
M. T. Kanamaukosa (Yu. V. Turygin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

OBPABOTKA TOPLIOB IIPYKWH BATOHHBIX TEJIEXXEK METOJIOM IUIABMEHHOI PE3KHU (Machining of
wagon bogy spring ends using plasma cutting). — C. 96-100.

Hccnedosan npoyecc obpabomku mopyoe npyrcun memooom niasmennoul pesku. Onpedenenvl deghexmol, 06pasyrouguecsi
6 0aHHOM npoyecce, U Memoosl Ux uckuovenus. Paspabomana mamemamuueckas mMooens ynpasieHusi npoyeccom niasmeH-
HOUL pe3Ku.

The process of machining the spring ends by plasma cutting is investigated. Defects appearing at this process and methods
of their elimination are identified. The mathematical model of plasma cutting process control is developed.



KnroueBble c10Ba: poOOTOTEXHUYECKHI KOMIUIEKC, IIPYXKHHA, IUIa3MEHHas pe3ka
Keywords: robotic system, spring, plasma cutting

YK 621.791.7

IO. B. Typvieun, TOKTOp TEXHUUCCKUX HaYK, mpodeccop; VKeBCKHIT rocy1apCTBEHHBIN TEXHUYCCKHUI YHUBEPCUTET HMEHU
M. T. Kanamaukosa (Yu. V. Turygin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

O. B. 3yb6xosa, crapmmii npenoaasaTeib; VDKeBCKHH rocyiapCcTBeHHBIN TexHnueckuil yHuBepcuteT nmenn M. T. Ka-
namuHukoBa (J. V. Zubkova, Post-graduate, Senior Teacher, Kalashnikov Izhevsk State Technical University)

SKCIEPUMEHTAJILHOE WCCJIEJJOBAHUE BJIMSIHUSA KUHEMATHUYECKOM ITOIPELIHOCTH HA TOU-
HOCTH TIIO3MIIMOHUPOBAHNA BbIXOJAHOI'O 3BEHA MEXATPOHHOI'O KOMIIJIEKCA (Experimental
investigation of kinematic error influence on positioning accuracy of output element of mechatronic complex). — C. 100-104.

Ipusedenvl pe3yibmamvl IKCNEPUMEHMATLHO20 UCCIEO08AHUSL NPOYECCA NOZUYUOHUPOBAHUSL BLIXOOHO20 38eHA MeXd-
MPOHHOU CUCMEMbL C Yelbl0 NPOBEPKU PA3PADOMAHHOU MAMEMAMUYECKOU MOOENU, YUUMbIEAIOueli KUHeMAmuiecKue XapaK-
mepucmuKy cucmemvl. IKCNEPUMEHMATILHO NOOMBEPIHCOCHA 3AGUCUMOCHTL MeNCOY GIUSHUEM KUHEMAMUYECKUX XapaKmepu-
cmuK poboma u omKIoHeHuemM pabouezo opeana om 3a0aHHO20 NOJOICEHUsL NPU OMPabOmMKe MpaeKmopuu.

The paper describes the results of experimental researching the positioning process of the output element of a mechatronic
system in order to check the developed mathematical model taking into account the system characteristics. The relationship
between kinematic characteristics of a manipulator and the actuator deviation from the assigned position in track following is
experimentally confirmed.

Kiro4ueBbie c10Ba: NOrpenIHOCT, TOYHOCTh TO3ULIMOHUPOBAHMSI, MEXaTPOHHAsI CHCTEMA

Keywords: positioning accuracy, mechatronic system, error

YJK 678; 67.02; 62-1/-9

@. A. Ypazbaxmum, TOKTOp TEXHUYECKUX HAYK, podeccop; NKkeBCKOro rocy1apcTBEHHOTO TEXHHUECKOTO YHHBEPCUTETA
umenun M. T. Kanamnukosa (F. A. Urazbakhtin, DSc in Engineering, Professor, Votkinsk branch of Kalashnikov Izhevsk
State Technical University)

0. IO. Xapunosa, acnupant; Borkuuckuit ¢pwmman (J. Yu. Kharinova, Post-graduate, Votkinsk branch of Kalashnikov
Izhevsk State Technical University)

MATEMATHUYECKAA MOZIEJIb TTPOIIMTKU TIPEIPET'A IS M3T'OTOBJIEHMA BOJIOKHUCTBIX KOHCT-
PYKIUUOHHBIX KOMIIO3UTHBIX MATEPUAJIOB (Mathematical model of impregnation of the prepreg for the
manufacture of fibrous polymer composites in construction materials). — C. 104-110.

Ilpeonazaemcs mamemamuyeckas MOOeb npoyecca NPONUMKU CHIEKI0B0I0KOHHO20 npenpezd, No380AI0Wds onpeoe-
JIUMb 603HUKHOGEHUE NPEOETIbHbIX COCMOSHULL, A MAKIICE KOMUYECMBEHHO OYEHUMb KA4eCme0 bINOIHEHUs. NPOYEeCcCca RPOnunt-
KU npenpe2a 6010KHUCTBIX KOHCIMPYKYUOHHBIX KOMHOUMHbIX MAMEPUALO8.

We propose a mathematical model of the process of impregnation of prepreg glass fiber, allowing to define the
appearance of limiting conditions, and also assess the quality of execution of impregnation process of prepreg fibrous
structural composite materials.

KioueBble ci10Ba: nponuTka, MaTeMaTuueckas MoIejib, PeelbHOe COCTOSIHUE, TOKa3aTeb KPUTUUHOCTH

Keywords: impregnation, mathematical model, limiting condition, indicator of severity

YK 658.511

P. JI. @omuneix, KaHaquaaT TEXHUYECKUX HAyK, JOUEHT; BoTkuHCckuid (miman MkeBCKOro rocyjapcTBEHHOTO TEXHHYE-
ckoro ynuBepcutera uMenu M. T. Kanamnukosa (R. L. Fominykh, PhD in Engineering, Associate Professor, Votkinsk branch
of Kalashnikov Izhevsk State Technical University)

M. B. Envyos, rnasublii cnenuanuct; 3AO «Vbkesckuit HedrsiHOM Hayunblii neHTp» OAO «HK ,,PocHedts» (M. V.
Yeltsov, Chief specialist, CJSC "Izhevsk petroleum research center», JSC «Rosnefty)

H. C. Cynoes, acnupanTt; MxeBckui rocyaapcTBeHHBIH TexHH4Yecknii yHuBepcuteT nmenn M. T. Kamamnaukosa (N. S.
Suloyev, Post-graduate, Kalashnikov Izhevsk State Technical University)

METOJIMYECKUE YKA3AHUS K PA3BPABOTKE IIJIAHOB OPIAHM3ALIMOHHO-TEXHUYECKOM MOJIEP-
HU3ALIMA BBICOKOTEXHOJIOTMYHBIX TIPEJNPUATHI MAIIMHOCTPOUTEJIBHOI'O KOMIIJIEKCA TIO
[TPOU3BOJICTBY KOHKYPEHTOCIIOCOBHO! MPOAYKIIUU T'PAXKJAHCKOI'O HATIPABJIEHUS (Methodical
instructions to developing the plans of organizational and technical modernization of high-tech enterprises of the
machine-building complex on production of civil competitive products). — C. 110-115.

IIpedcmasnen noaoxcumenvbHulli ONvIM 80CCMAHOBNEHUA NPONYUWEHHBIX OAHHBIX NPU NPOBEOEHUU UCCIe008aHUL NO Pop-
MUPOBAHUIO YNPABIAEMbIX (hakmopos (noxkazameneli OpeaHu3ayUOHHO-MEXHULECKO20 YPOBHS NPeOnpusmus), OKasvleaiouux
Hauborbulee 8UAHUE HA Peanu3ayuio NPUOPUMEMHBIX Yee8blX NPOSPAMM PA36Umus. NPeONnPUAmMUs, HANPAGIEeHHbIX HA 0bec-
neuenue KOHKYPEHMOCNOCOOHOCU 2PaAHCOAHCKOU NPOOYKYUU 8bICOKOMEXHOIOSUYHBIX NPEONPUAMUL MAUUHOCTNPOUMENTbHO2O0
KOMNJIeKca.

The article describes the positive experience of restoring the missing data when investigating the generation of controlled
factors (characteristics of organization and technical level of an enterprise) that are of the greatest influence on
implementation of priority development programs aimed at providing the competitive ability of civil products of high- tech
enterprises of the machine-building complex.

KioueBbie cjl0Ba: MallMHOCTPOEHHE, OPraHU3allMOHHO-TEXHUYECKUH YPOBEHb, TPAXKIAHCKAs MPOXYKIHA, 3()deKTHB-
HOCTb, BOCCTAHOBJICHHE TPOIYIIEHHBIX JaHHBIX BEIOOPKH

Keywords: engineering, organization and technical level, civil production, efficiency, missing sample data restoring



YK 539.53: 621.789

O. Y. lllaspun, NOKTOp TEXHUYECKUX HAYK, podeccop; VKeBCKuiA rocy1apcTBEHHBIN TEXHUUECKUI YHUBEPCUTET IMEHHI
M. T. Kanamraukosa (O. 1. Shavrin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

A. H. Ckeopyos, KaHAMJAT TEXHUYECKUX HAyK, OLEHT; V)KeBCKUl rocy1apCTBEHHbIH TEXHUUECKUH YHUBEPCUTET UMEHH
M. T. KanamnukoBa (4. N. Skvortsov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

UCCJIEJOBAHME TEIUIOBBIX TMOJIEW MPU MAJIOJE®OPMAILIMOHHON TEPMOMEXAHUYECKOM OB-
PABOTKE (Research of thermal fields at low-deformation thermomechanical processing). — C. 116-119.

Paccmampusaiomea pesyabmamul pewienus 8 npocpammuom komniexce ANSYS mennoeoii 3adauu npu nasusxe npyjicumol
8 X00e MAan00epoOpMayUOHHOU mepmomexanuieckol obpabomku. Hccnedogano enusHue mMamepuana Onpagki, pasiudHblx
OXTAACOAOUUX CPED U MEPMOCINAMA HA USMEHEHUe THENJI08020 COCMOSHUS HAGUMOLL NPYICUHBL 8 npoyecce nociedehopma-
YUOHHOUL BbIOEPIHCKU U 3AKATKU 8 3AKATOUHOU BAHHE.

The paper considers the results of ANSYS-aided solving the heat problem in spring winding during low-deformation
thermomechanical processing. The influence of the core material, various cooling environments and the thermostat on the
change of thermal condition of the wound spring during post-deformation equalizing and hardening in a quenching bath is
investigated.

Kuarouessbie cioBa: ManofehopManoHHas TepMOMEXaHIYecKast 00padoTKa, IPyKHUHA, TEPMOCTAT, yIIPOUHEHHSA

Keywords: low-deformation thermomechanical processing, spring, thermostat, hardening

YIK 621.774.3

O. U. lllaepun, noxTOp TeXHUUYECKUX HaykK; M>keBckuil rocyaapcTBeHHBIN TexHUUeckuil yHuBepcureT uMmeHu M. T. Ka-
namuukoBa (O. 1. Shavrin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

H. A. Cnuuxun, KaHIUIAT TEXHUYECKUX HAyK, WHCTHTYT MpUKIaTHONH MeXaHWKH Ypamsckoro otaenenus PAH (N. A.
Spichkin, PhD in Engineering, Institute of applied mechanics of the Ural branch of the Russian Academy of Sciences)

A. H. Cxeéopyog, kKaHAMJAT TEXHUYECKUX HayK; VKEBCKHUI rocyJapCTBEHHbIM TEXHUYECKUN yHUBepcuTeT uMeHu M. T.
Kanamuankosa (4. N. Skvortsov, PhD in Engineering, Kalashnikov Izhevsk state technical university)

K OLIEHKE TEMIIEPATYPHOI'O IIOJIA JE®OPMUPYIOHIEI'O POJIMKA ITPU BTMO BMHTOBBIM OBXA-
THUEM HWJIMHJAPUYECKHNX 3ATOTOBOK (To estimation of the temperature field of the deforming roller at HTMT
of cylindrical billets). — C. 119-122.

IIpusooumces oyenka memnepamypnozo nois oegopmupyrowezo poauxa npu BTMO eunmogwvim obxcamuem yurunopute-
cxux usoenuti. Ilokaszano, umo 01s nHaubonee pacnpocmpaneHno2o Co4emanusl Napamempos U pexrcumos 06pabomKu nAoCKas
nocmarnoska daem y0081emeopUmMensHyIo CX0OUMOCHb ¢ IKCHEPUMEHIMANLHLIMU OAHHBIMU.

The estimation of the temperature field of a deforming roller is resulted at HTMT screw deformation of cylindrical parts.
It is shown that for the most widespread combination of parameters and processing modes the flat statement gives satisfactory
convergence with experimental data.

KaioueBsie ciioBa: TemreparypHoe 1oie, 1eOpMHPYIOIIUHA POITUK

Keywords: temperature field, deforming roller

MN3MEPUTEJIbHASA TEXHHUKA

YK 621.391

. IO. Bawypun, MarucTpanT; V>keBCKuil rocyjapcTBeHHBIH TexHUUYecknii yHuBepcuter uMeHn M. T. Kanamrauxosa (D.
Yu. Vashurin, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

B. b. l'umaun, TOKTOp TEXHMYECKUX HaykK, npodeccop; MkeBckuil rocyJapcTBEHHBI TEXHUUECKUH YHHUBEPCUTET UMEHU
M. T. Kanauraukosa (V. B. Gitlin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

BBIJIEJIEHUE OCHOBHOI'O TOHA METOJOM SWIPE M3 CHUIHAJIA, TPOLUEAIIETO TEJIE®OHHBIN
KAHAJI (SWIPE application algorithm of pitch measuring for telephone bandwidth limited signal). — C. 123-126.

Paccmompena paboma ancopummos SWIPE u SWIPE' npu 6videnenuu 0CHO8HO20 MOHA peye8o2o CUSHANA, 02PAHUYEHHO-
20 noaocoul menegonnozo xanana. Iloxazano, 4mo 015 peanbHbIX CUSHALO08, OZPAHUYEHHBIX NOJOCOU YACMOm mene@doHHO20
KAHAana, yKa3anuvle aneopummbl CKIOHHLL K nepexody Ha 2APMOHUKU OCHOBHO20 MOHA. TIpednosicen ancopumm, no360aa0uul
NOBBICUMb HAOEHCHOCb 8blOeieHUs 0CHO8H020 moHa anrzopummamu SWIPE u SWIPE' 0ns cuenanos ykasannozo mund.

Functioning of SWIPE and SWIPE' algorithms for telephone bandwidth limited signal is examined. These algorithms tend
to switch to harmonics within processing of these signals. Correction algorithm to suppress these errors is proposed.

KioueBbie c10Ba: OCHOBHOM TOH, TAPMOHUKH, CKAJISIPHOE ITPOM3BEICHNE, THI000pa3HbIil CUTHA

Keywords: pitch, harmonics, inner product, saw-tooth signal

YK 681.518.3+623.546

A. IO. Boosun, KaHIMIAT TEXHUYECKUX HAyK, JIOUEHT; V>KeBCKHI ToCcylapCTBEHHBIH TEXHHYECKUH YHHBEPCUTET UMEHH
M. T. KamamnukoBa (4. Yu. Vdovin, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

B. A. Agpanacwes, crapmmii npenogaBarens; VkeBckuil rocyIapcTBEHHBIM TexHUUeckuid yHuBepcuteT nmenn M. T. Ka-
namrauKOBa (V. A. Afanasyev, senior teacher, Kalashnikov Izhevsk State Technical University)



AHAJIN3 BAPUAHTOB VYTOYHEHUS TPAEKTOPUU IMIYJIMU B NMH®OPMALMOHHO-U3MEPUTEJIBHBIX
CUCTEMAX I OITPEAEJIEHN S BHEHIHEBAJUIMCTUYECKUX ITAPAMETPOB (Analysis of ways for verifying
the bullet trajectory in the information-measuring systems to determine the external ballistic parameters). — C. 126-129.

Ymounenvr anarumuueckum cnocobom enuyunbl NPOBUCAHUS MPAEKMOPUY NYAU 0e3 UCNONb306AHUS YUCTIEHHO20 UHIe2-
PUPOBAHUSL YPAGHEHUTI 6HeUHell OALIUCIUKU.

The article is devoted to analytic specification of the sagging value of the bullet trajectory without using the numerical
integration of external ballistics equations.

KaioueBbie c10Ba: TPaeKTOPHUS MMyJTH, BHENIHSSA OAJTUCTHKA

Keywords: bullet trajectory, external ballistics

YK 621.385.833

M. P. I'aghapos, xaununar texanaeckux Hayk; OOO «lIporpammHo-ammapatasie cucteMen» (Vbkesck) (M. R. Gafarov,
PhD in Engineering, «Hardware-software system" LLC, Izhevsk)

P. M. I'agpapos, xaHIuOaT TEXHAYECKNX HAYK, NOLEHT; VKeBCKHUI TOCYAapCTBEHHBIH TEXHUYCCKUN YHUBEPCHUTET MMEHU
M. T. KanamaukoBa (Statistical differentiation method for determining the image shift and rotation). — C. 130-133.

METOJ] CTATUCTUUYECKON JU®OEPEHLIMALIMU JUIST OIPEAEJIEHUS CJABWUIA U TIOBOPOTA WU30-
BPAYEHWM (R. M. Gafarov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical University)

Paccmampusaemes memoo onpedenenus MUHENHBIX UCKAHCEHUU U300padCeHull, 21a8HOU YaACmbl0 KOMOPbIX AGNIAOMCA
npeobpaz0eanus 83aumMHoO20 cO8U2a U NO8OPOMA.

This paper presents the method for determining the linear distortion of images, the main part of which is the reciprocal
transformation of shift and rotation.

KaioueBsie ciioBa: n3zobpaxenue, npeodpasoBaHue, CIIBUT, IOBOPOT, THCTOrpaMMa

Keywords: image, conversion, shift, rotate, histogram (image transformation, shift, rotation, histogram)

YK 61:061.2/.4

IO. b. Kamanosa, maructpant; V>xeBckuii rocynapcTBeHHBIN TexHnuecknii yauepcuteT nMeHu M. T. Kamamaukosa (Yu.
B. Kamalova, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

PA3ZPABOTKA METOAUKHN CHATUA U AHAJIM3A BEKTOPOJIEKTPOKAPIMOI'PAMMBI (The calculation of
statistical parameters in the recognition of pollen grains, obtained on the scanning electron microscope). — C. 134—-140.

Paspaboman npubop ona pecucmpayuu 8eKmopINeKMpoKpaoUoSpaPuueckozo cueHana — 6eKmopaIleKmporapouozpag.
Paccmompen npunyun padomel u 060cHO8aHbI MEXHUYECKUE XAPAKMEPUCIUKY PA3PAdOMANHO20 NymeM annapamuou peanu-
sayuu popmyn cunmesza omsedenuti Dpanxa (vx, vy, vz) npubopa — 6eKmopaieKkmpoxapouozpaga, onucana npoyedypa pecu-
cmpayuu gexmopkapoouepamm (BKT), npoananusuposan cnocod cunmesa BKI uz anexkmporapouoepammor (OKT), svisede-
Hbl 008epumenbhble UHMepeabl duaznocmuieckux napamempog BKI.

The apparatus for vector electrocardiogram (VCG) recording has been developed. The work principle has been
considered and technical characteristics of developed apparatus based on Frank’s formulas are justified. The VCG
recording procedure has been described. The way of electrocardiogram (ECG) from vector electrocardiogram synthesis has
been analyzed. Confidence limits of VCG diacrisis parameters have been obtained.

KuaroueBsie ciioBa: Bexropkapauorpad, BKI', KT, cucrema orBenenmit ®@panka

Keywords: vector electrocardiograph, VCG, ECG, Frank’s lead system

YJIK 620.17:658.56

B. A. Kysneyosa, umxenep-rexunosior; OAO «Onexonny (Capanyn) (V. A. Kuznetsova, Engineer, Open Joint-Stock
Company “Elecond”)

11. JI. Ky3ueyos, 3aMecTUTeNb HavajdbHUKa OTena riaBHoro merpojora; OAO «Onekoua» (Capanyn) (P. L. Kuznetsov,
Deputy of chief metrologist, Open Joint-Stock Company “Elecond”)

E. A. Bensiesa, naxenep-texnoinor; OAO «Onexonn» (Capanyn) (E. A. Belyaeva, Engineer, Open Joint-Stock Company
“Elecond”)

B. B. Mypasbes, TOKTOp TEXHHUYECKIX HayK, podeccop; NMkeBckuril TOCYAapCTBEHHBIA TEXHUUECKUH YHUBEPCUTET UMECHU
M. T. Kanamraukosa (V. V. Muravyov, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

NCCIEAOBAHUE BJIMAHUA HA OSKCIUIYATAIIMOHHBIE XAPAKTEPUCTUKU KAYECTBA MATEPHA-
JIOB TAHTAJIOBBIX OKCHJIHO-TIOJIYITPOBOAHUKOBBIX YUIT-KOHAEHCATOPOB (Investigation of influence
of materials quality on yield of tantalum solid-electrolyte chip-capacitors). — C. 140-143.

IIposedenvl sKCnepuUMeHmanbible UCCIe008AHUs GIUSHUSL KAYECEA UCXOOHbIX MAMEPUALOS8, NPUMEHSIEMbIX O/l U320MO6-
JIeHUs. MAHMANO8bIX YUN-KOHOEHCAMOPO8, HA 8bIX00 200HbIX U30ENU.

Investigations of materials quality influence on yield of tantalum solid-electrolyte chip-capacitors has been carried out by
means of experimental methods.

KaioueBbie ci10Ba: TaHTAIOBBIE OKCHIHO-TIONYTTPOBOAHUKOBBIE YNTI-KOHEHCATOPBI, SKCILTyaTal[HIOHHbIE XapaKTePHCTH-
K, Opak

Keywords: tantalum solid-electrolyte chip-capacitors, field-performance data, rejects

YK 620.17:658.56
B. B. Mypasves, NOKTOp TEXHUYECKHX HAYK, podeccop; VkeBCKuil rocy1apcTBEHHBIN TEXHUUYECKI YHUBEPCUTET IMEHU
M. T. Kanamaukosa (V. V. Muravyov, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)
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AHAJIU3 PE3YJIbTATOB CEPTUOUKALIMU CIIEIIUAJIMCTOB B OBJIACTH HEPA3PVYIIAIOIIEI'O KOH-
TPOJISI OFBEKTOB XEJIEBHOJJOPOXHOI'O TPAHCIIOPTA (Analysis of results of certifying the exxperts in the
field of non-destructive testing of railway transport). — C. 144—-148.

IIpusooamcs pe3ynomamopl namuiemueti pabomvl YnOIHOMOUEHHO20 Op2ana No cepmudurayuy Cneyuarucmos e ooiacmu
Hepaspyuaiowe2o KOHMpOoJia MexHU4ecKux 00beKmos Hcene3H000POHCHO20 MPAHCNOPMA, MAWUHOCTNPOEHUS U MEMANIONPO-
oykyuit npu UocI'TY umenu M. T. Karawnuxosa. /lan ananuz pabomsi 3K3aMEeHAYUOHHOU KOMUCCUU NO CepMUUKayuu oe-
@exmockonucmos yIompasgyKoe020, aKyCmuKo-IMUCCUOHHO20, MAZHUMHO20 U BUXPEMOKOB020 KOHMPOJIA Oemaneli 6420H08,
JIOKOMOMUBOS, MEMANTUYECKUX CEAPHBIX MOCIOS, PENbCO8 U CHIPENOYHbIX NEPe8o008 8 peMOKme, IKCHIYAMayuy u npu useo-
moenenuu. AHAIU3UPYemcs enusHUe CMAdNCA, 603pACma, YPOGHs 00PA308AHUS HA Pe3YIbMam cepmu@urayuul.

The paper presents the results of the five-year work of the authorized body on certification of specialists in the field of non-
destructive testing technology of railway transport, machine building and metal products at Kalashnikov Izhevsk State
Technical University It gives the analysis of the work of the Board of Examiners for certification of inspectors for ultrasound,
acoustic emission, magnetic and Eddy current testing the parts of cars, locomotives, steel welded bridges, rails and turnouts
in the repair, maintenance and production. The influence of working period, age and level of education on the result of
certification is examined.

KoaioueBbie ciioBa: cepTudUKaIys ClEIUAINCTOB, YIBTPa3BYKOBOM, aKyCTHKO-OMUCCUOHHBII, MATHUTHBIA U BUXPETOKO-
BbIM Hepa3pylIarouuii KOHTPOJIb

Keywords: certification of experts, ultrasonic, acoustic emission, magnetic and Eddy current nondestructive testing

YK 621.391

O. B. Ilonomapesa, KaHIUIAT TEXHUYECKUX HAYK, IOLEHT; VKeBCKUIl ToCyIapCTBEHHBIH TEXHUYECKUH YHUBEPCUTET
nmenn M. T. KamamnukoBa (O. V. Ponomareva, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State
Technical University)

B. A. I[lonomapes, nokTOp TEXHIUUYECKUX HAYK, podeccop; (V. A. Ponomarev, DSc in Engineering, Professor, Kalashnikov
Izhevsk State Technical University)

U3MEPEHUE TEKVYII[ETO SHEPTETMYECKOI'O ®YPBLE-CIIEKTPA KOMIUIEKCHBIX U JEWUCTBUTEJIb-
HbIX AWCKPETHBIX CUT'HAJIOB HA KOHEYHBIX MHTEPBAJIAX (Measurement of current energy Fourier
spectrum of complex and real discrete signals on finite intervals). — C. 149-157.

Hccneoosanvt memoobl U aneopummbl «CKOTb3SUMUXY U (CKAYYUUXY CHEKMPATbHBIX UIMEPEHUl HA KOHEUHbIX UHMEPEAIdX.
Tpeonooicenvl meopemuueckue 0CHOBbL UMEPEHUST MEKVIYUX IHEPLEMUYECKUX (PYDPbe-CREKMpOo8 OUCKPEemHbIX cucHanos. Tlpueede-
Hbl meopemudecKue U npaKmuyeckue pe3yibmanivl OYeHUSAHUS UHBAPUAHMHOCHIU MEKYWUX IHEPeMmUIECcKUX Qypbe-Cnekmpog
KOMNJIEKCHBIX U OetiCMEUMEIbHbIX MOHATIbHBIX KOMIOHEHN.

Methods and algorithms of "sliding” and "jumping" spectral measurements on finite intervals were investigated. The
theory of measuring the current energy Fourier spectrums of digital signals were suggested. Theoretical and practical results
of estimating the invariance of current energy Fourier spectrums of complex and actual tonal components were shown.

KoueBble coBa: AUCKPETHBIM CUTHAJ, KOHEUYHBIH MHTEPBAN, «CKOJIB3SIINE» CHEKTpajbHbIE M3MEpEHHUs, Oa3uc, auc-
KpETHBIE SKCIIOHEHIMANbHbIE (PyHKINH, TEKYIIUHA (ypbe-CIIeKTp, NHBAPHAHTHOCTh

Keywords: digital signal, final interval, "sliding" spectral measurement, basis, discrete exponential function, current Fourier
spectrum, invariance

YK 004.627

B. C. Cuupnos, actimpant; M>keBckuil TOCYIapCTBEHHBIN TexHIUecKui yauBepcuteT nMeHN M. T. Kamamawnkosa (V. S.
Smirnov, Post-graduate, Kalashnikov Izhevsk State Technical University)

A. B. Kopobeiinukog, KaHIUIAT TEXHUYECKUX HAYK, HOIEHT; VKeBCKUi rocynapCTBEHHBIN TEXHHYECKUN YHHBEPCHUTET
umenu M. T. KanamnukoBa (4. V. Korobeynikov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State
Technical University)

CXXATUE M30BPAXEHUIN BE3 TIOTEPM KAYECTBA HA OCHOBE IEJIOYMCJIEHHBIX BEMBJIETOB
XAAPA (Lossless image compression based on integral-valued Haar wavelets). — C. 158—160.

IIpeonooicen memoo cocamus usobpasicenuti 6e3 nomepu Kauecmea Ha OCHO8E MOOUDUYUPOBAHHBIX YETOUUCTEHHBIX 6elig-
nemog Xaapa u k0006 nepemennuiii Onunbl Pubonayyu, ¢ Yeavio yeerudenus KodQpuyuenma cocamus.

A method is proposed for lossless image compression based on integral-valued Haar wavelets and Fibonacci variable-
length codes in order to increase the compression coefficient.

KaioueBsle ciioBa: cxxarre n3o0pakeHnii 0e3 moreps, NEJOYNCICHHBIA BelBieT Xaapa, KOJbl IepeMeHHON JunHb Pu-
6oHaTun

Keywords: lossless image compression, integral-valued Haar wavelets, Fibonacci variable-length codes

YK 681.527

II. 1. Cmenanos, acnupaHT, CTapUIMil INpenojaBaTeib, HoBOypabCKHii TEXHONOTHYECKUI MHCTUTYT — (uinan ¢ene-
PaJBHOTO TOCYIapCTBEHHOTO aBTOHOMHOTO OOpa30BaTENbHOIO YUYPEXKASHUS BBICIIETO NPO(ecCHOHANbHOr0 00pa3oBaHHs
«HanmonanbHbIil MccenoBaTenbekuil suepHblit yausepcuter « MUDW» (P. 1. Stepanov, Post-graduate, Senior Lecturer,
Novouralsk Institute of Technology — branch of the State educational institution of higher professional education "National
Research Nuclear University “MEPhI”)

C. B. Jlacymxun, KaHnuiaT TEXHUUECKUX HayK, NOUEHT; HOBOypambCKMil TEXHOJIIOTMYECKUH MHCTHTYT — (unman dene-
PaJIBHOTO TOCYAAapCTBEHHOTO aBTOHOMHOTO 00pa30BAaTENFHOTO YUYPEXKICHHUS BBICHIETO NPO(ECCHOHAIBHOTO 00pa3oBaHU
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«HarmonaneHeI HcciieoBaTenbCKuil saepublil yauBepcuter « MUDW» (S. V. Lagutkin, PhD in Engineering, Associate
Professor, Novouralsk Institute of Technology — branch of the State educational institution of higher professional education
"National Research Nuclear University “MEPhI”)

0. P. Huxumun, KaHIUAAT TEXHUYECKUX HAYK, JOIEHT; VXKeBCKUM rocy1apCTBEHHBIN TEXHUUECKUN YHUBEPCUTET UMEHU
M. T. Kanamnukosa (Yu. R. Nikitin, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

KOMIIJIEKCHASI TOKOBAA WU BUBPOAMATHOCTUKA OJJIEKTPOMEXAHUYECKUX CUCTEM (Integrated
current and vibration diagnostics of electromechanical systems). — C. 160-165.

Paccmampusaemes ouacnocmura 31eKmpomMexanuieckoli cucmemsl, KOmopas 8Kuouaem 8 cebs aHanus nompeoisiemoo
MOKA NPUBOOHO20 BNIEKMPOOsUucameis u ubpoouacHocmuxy. Paspaboman npospammHo-annapamuvlii KOMRLEKC OUACHOCTU-
Ku ¢ ucnonvzosanuem obopyoosanus National Instruments. Ilpuseden aneopumm pabomer cucmemvl ouazrocmuku. Ilpusede-
Hbl pe3yIbmanivbl IKCHEPUMEHMOE NO ONPEOeNeHUI) MEXHULECKO20 COCMOAHUS JNeKMPOMEXAHULECKOU CUCTeMbL.

The paper covers the diagnostics of an electromechanical system. This system includes vibration diagnostics and analysis
of the consumed current of the driven electric motor. Hardware and software diagnostic complex is developed using the
National Instruments equipment. The algorithm of the diagnostic system operation is given. Experimental results on
determining the technical state of the electromechanical system are presented.

KaroueBble cj10Ba: TOKOBasl IMAarHOCTHKA, BHOPOANArHOCTHKA, HIIEKTPOMEXaHUUECKasl CHCTeMa

Keywords: current diagnostics, vibration analysis, electromechanical system

VK 681.518.3

P. O. Cynmanos, Benymmii HHKEHEP-NPOrpaMMUCT; V>keBCKUil roCyJapCTBEHHBIM TEXHUUECKUI YHUBEPCUTET UMEHU M.
T. Kanamnukoa (R. O. Sultanov, Senior programming engineer, Kalashnikov Izhevsk State Technical University)

M. B. Jlanunoe, KaHquAaT TEXHUYECKUX HAYK, JOLEHT, JOKTOPAHT; VKeBCKUI rOCyAapCTBEHHBIH TEXHUUECKUN YHUBEPCHU-
ter umern M. T. Kamammmkosa (M. V. Danilov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State
Technical University)

AJIT'OPUTMBI YCTPAHEHUS TIOMEX ITPU ®OPMUPOBAHNN CKAH-OBPA30B KAPOTAXHBIX KPHBBIX
(Algorithms of eliminating the interference when the generating the scanned images of log curves). — C. 165-169.

Onucanvl anzopummul, npeoHasHavenuvie 01 00pabomKu CKan-06paz08 KapomadiCHbIX KPUSbIX ¢ Yeablo YCMpPaHeHus no-
mex. IIpoepammnasn peanuzayus aneopummos Mox4cem npUMEHAMbCA KAK KOMIOHEHTN UHMENNeKMYAIbHbIX UHPOPMAYUOHHBIX
cucmem, a MakdHce KaxK OMOenbHblll UHCIPYMeHM 051 06paboOmKU CKAH-00PA308 KAPOMANCHLIX KPUSHIX C Yelbl0 YCMPaHeHus
nomex ckanupoganus. Onpedenetnvi kKpumepuu 8ul0eaeHUs NomMex, MAmemMamudeckull annapam u areopummul KOPpeKyuu u3o-
opasicenus na cxamn-obpase. Ilpuseden npumep pabomel areopumma KOppexyuu Ha mecmogom odpasye KapomadicHol oua-
2Pammbl.

The paper describes the algorithms for processing the scan images of logs in order to eliminate interference. Software
implementation of the algorithms can be used as a component of intelligent information systems, as well as a separate tool for
processing scanned images of logs to eliminate the scanning noise. The criteria of noise extraction, mathematical tools and
algorithms for image correction to scan the image are determined. An example of the correction algorithm operation for a test
sample of log graph is given.

KiroueBble c10Ba: KapoTakHAs AMArpaMma, CKaH-00pa3, KOPPEKIHS CKAHUPOBAHHS

Keywords: log graph, scan image, scanning correction

YK 623.544:681.78

10. K. Illeaxosnuxo, TOKTOp TEXHUYECKUX HayK, npodeccop; MHcTtutyT Mexanuku Ypansckoro otaenenus PAH (Yu. K.
Shelkovnikov, DSc in Engineering, Professor, Institute of mechanics of the Ural branch of the Russian Academy of Sciences)

CKAHUCTOPHAA HWHO®OPMAIMOHHO-USMEPUTEJIBHAS CUCTEMA C AJAIITUBHBIM PEXNUMOM
CKAHUNPOBAHUS (Scanistor information measuring system with adaptive scanning mode). — C. 169-172.

Paccmompenwt 6onpocwl nocmpoenus cmpykmypbl 6bICOKOMOUYHBIX A0ANMUBHBIX UHDOPMAYUOHHO-USMEPUMETLHBIX CUC-
mem Ha OCHOBe MeNeGUUOHHO20 cKanucmopa. Tlokazano, ymo maxue aoanmusuvie cucmemvl obradarom Oonee GblCOKUMU
MEMPONO2UHECKUMU XAPAKMEPUCMUKAMU U NO3B0JISIOM NOOOEPAHCUSAMb 3A0AHHYI0 MOUYHOCIb UBMEPEHUsT KOOPOUHAM CGe-
MOBbIX NOMOKOG 8 USMEHSIOUUXCSL Yeaosusix dkenayamayuu. Onucana 6blcmpooeiicmeylouas Cucmema ¢ a0anmueHbiM pe-
AHCUMOM CKAHUPOBAHUSL HA OCHOBE JIOKAILHO20 ONPOCA, NPU KOMOPOM 3d CHem YMeHbUuleHUs U36bIMOYHOCIMU NOJIHO20 ONpPOCa
ahhexmusHo corcumaemces 60 peMenU NPOYECC NOIYYEeHUst GUOCOUHPOPMAYUU CO CKAHUCIMOPA.

The problems of building the structure of high-precision adaptive information measuring systems based on television
scanistor are observed . It is shown that such adaptive systems have higher metrological characteristics and allow
maintaining the specified accuracy of measuring the coordinates of light streams in changing environments. The fast system
with adaptive scan mode based on the local query is described in which the process of getting video from scanistor shrinks
effectively over time by reducing the redundancy of the full query.

KaioueBbie ci10Ba: TeleBU3HOHHBIA CKAHUCTOP, /IalITUBHAsI CHCTEMa, CBETOBAst 30HA, BUACOCUTHAI

Keywords: television scanistor, adaptive system, light zone, video signal
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HAYKH O 3EMJIE

YK 502.656

B. A. Anexcees, NOKTOp TEXHUYECKUX HayK, npodeccop; MkeBckuid rocy1apCTBEHHBIN TEXHUUECKUH YHUBEPCUTET HMEHU
M. T. Kanamnukosa (V. 4. Alekseyev, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

B. II. Vconvyes, xaHgunar TEXHWYECKHX HAYK, BEOYIIMH WHXKEHEP-dJEKTPOHUK; IkeBckuii rocynapcTBEHHBIN
TexHndeckuii yauBepcuteT umeHn M. T. Kamammaukosa (V. P. Usoltsev, PhD in Engineering, Leading electronic engineer,
Kalashnikov Izhevsk State Technical University)

C. U. IOpan, MOKTOp TEXHUYECKHX HayK, mpodeccop, ITaBHBI HAay4YHBIH COTPYAHUWK; VKEBCKMH TOCyIapCTBEHHBIH
TexHunuecknii yauBepcuter nmenn M. T. Kamammnukosa (S. /. Yuran, DSc in Engineering, Professor, Kalashnikov Izhevsk
State Technical University)

UIEHTUO®UKALIA ABAPUMHBIX BbIBPOCOB B CUCTEMAX ®OWJIbTPALIMA CTOYHBIX BOJI B SIBHO
BBIPAJXKEHHBIX VCJIOBUAX MHOI'OMEPHOCTU W HEOIIPEAEJIEHHOCTU (Identification of emergency
emissions in sewage filtration systems in explicit conditions of multidimensionality and uncertainty). — C. 173-177.

[Iposedenvt ucciredosanus Ho MamemMamuieckoOMy MOOeIUpoBaHUI0 nPpeonoiazaemMo2o 6peMeHy NoAGIeHUs 3azPA3HEH Ul &
cucmemax KOHMPOISL CMOYHBIX 600 NPeOnpusimuil Oiisi ONEpamuéHoll UOSHMUDUKAYUU UCMOYHUKA 3A2PA3HEHUs. U OIS
IPhexmusHo20 NPOCHOUPOBAHUA NOTLIOBATNENA OUUCMHBIX COOPYIHCEHUll (aboHeHma), y KOMOpo2o NOABUNCA cOpocC.
Hokazana neobxooumocmo yuema 6epoOAMHOCHHLIX XAPAKMEPUCMUK NOMOKA NOAGNEHUA 3A2PA3HEHUll 8 CMOYHBIX 800aX,
OUHAMUKU UX OOHAPYICEHU U YCMPAHeHUs, npu paspadbomke U HACMPOUKe annapamypvl 01 6blOeNeHUs U KOHMPOIs
KOHKPEeMHbIX 3a2pA3HUmenell CmoYHbIX 800 KOHKPEMHO20 NPeOnpuamus — no1b306ames OUUCHIHBIX COOPYIHCEHU.

The algorithm is developed, researches of possibility of mathematical modeling for effective forecasting of the user of treatment
facilities (subscriber) which had a dump, prospective time of occurrence of pollution, operative identification of the pollution source
are carried out. Necessity of the account of likelihood characteristics of a stream of sewage pollution occurrence, dynamics of
pollution detection and elimination is proved within working out and adjustment of equipment for allocation and the control of
specific polluting substances of sewage of the specific enterprise — the user of treatment facilities.

KiroueBble ci10Ba: aBapuifHbIA BEIOPOC 3arpsA3HSIONINX BEIIECTB, HCTOYHHK 3arps3HEHNs, MOJICINPOBAHNE, MOHUTOPHHT

Keywords: emergency emission of polluting substances, pollution source, modeling, monitoring

YJIK 69:504(045)

C. A. Hazapos, crynent; MxeBckuii rocyJapCcTBeHHBIN TexHuueckuid yHuBepcuter umeHu M. T. Kamamuukosa (S. 4.
Nazarov, Student, Kalashnikov Izhevsk State Technical University)

B. I1. I'paxos, TOKTOp IKOHOMHYECKHX HayK, mpodeccop; VKeBCKUI TOCYIapCTBCHHBI TEXHHYECKU YHUBEPCUTET HMe-
au M. T. Kanmamuukosa (V. P. Grakhov, DSc in Economics, Professor, Kalashnikov Izhevsk State Technical University)

3EJIEHOE CTPOUTEJILCTBO KAK MHHOBALIMOHHBIM MHCTPYMEHT PA3BUTHS PHIHKA JKMJIMIIHOMN
HEJIBKNMOCTU (Green building as an innovative tool for development of the housing market). — C. 178—180.

Ilpuseden 0630p 3enenoco cmpoumenvcmaa, cmanoapmos LEED u BREEAM, paccmompenst npeumyujecmsea makozo mu-
na cmpoumenscmea. H3nodcenvl HeKomopbie 0COOeHHOCMU 8038e0eHUs 30anull no 3eieHvlM cmanoapmam. Paccmompena
cmamucmuka pocma memna cmpoumenscmea no Yomypmcekotu Pecnybnuxe.

The paper presents an overview of green construction, LEED and BREEAM standards and benefits of this construction
type are examined. Some features of building constructions based on green standards are represented. The statistics of the
house building growth rate for the Udmurt Republic is considered.

KnioueBbie ci10Ba: 5KOJIOTHYHOCTD, «3€JICHBIE 3JIaHUS», «3€JICHOE CTPOUTEILCTBO», PEHTHHIOBBIE CHCTEMBI OLICHKH, BO-
300HOBJIIEMBIE HCTOUHUKH SHEPTHH

Keywords: environmental friendliness, "green buildings", "green construction", rating evaluation system, renewable
energy sources

YJIK 504:574(075)+537.86(075)

IO. I Pabos, xaHauOaT TEeXHUYECKUX HAyK, crapmuii HaydHb coTpynHHK; OOO «/HHOBaIlMOHHO-BHEAPEHUECKOE
npeanpusTAe npuknaaHoro marHeruzma» (Mxesck) (Yu. G. Ryabov, PhD in Engineering, Senior research officer, LLC
“Innovative promotional venture of applied magnetism”)

I'. B. Jlomaes, NOKTOp TEXHUYECKUX Hayk, mpodeccop; MkeBckuil rocyJapCTBEHHBIH TEXHUYECKHH YHUBEPCUTET UMEHH
M. T. Kanamnukosa (G. V. Lomaev, DSc in Engineering, Professor of department «Quality Control Instruments and
Techniques», Kalashnikov Izhevsk State Technical University)

M. C. Emenvanosa, acnupant; VxeBCKuil rocyJjapCTBeHHBINH TexHuYeckuil yHuBepcuteT umenn M. T. Kanamrauxosa (M.
S. Emelyanova, Post-graduate, Kalashnikov Izhevsk State Technical University)

OAKTOP TEOMATHUTHOI'O MOJIS B XEJE3OBETOHHBIX COOPYXXEHUSX (Factor of geomagnetic field in
reinforced concrete structures). — C. 181-184.

Paccmompenvt husuneckue, guzuonocuseckue u op2aHu3ayuoHHble acnekmol obecneuenus gakmopa I'MII 6 30anusx u
coopyoicenusix. Tloxkazanvl cnocobvl obecneuenust ecmecmeenHblx ycaosutl no ¢paxkmopy I'MII ¢ nomewenusix. Ipusedenvl
1n00X00bL, MEXHUUECKUe PEUEeHUs. U MEMOObl 80CCMAHOBICHUS, KOMOPble MO2Yym OblMb UCHOb308AHbL OISl 0DeCneyeHUst ecme-
CMBEHHO20 2e0MACHUMHO20 (POHA U CO30aHUA paA30end CIMAHOApma.

Physical, physiological and organizational problems of the GMF factor in buildings are considered. Features of ensuring
the natural conditions for GMF factor in premises are shown. Approaches, techniques and recovery methods that can be used
to provide the natural geomagnetic background and create a section of the standard are presented.
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KiioueBbie cj10Ba: IUIIOr€OMarHUTHOE TI0JI€, HOPMBI CAHUTapHBIE, METOABI BOCCTAHOBIICHHS, XKeJIe300€TOHHbIE COOPYKEHHUS
Keywords: hypo-geomagnetic field, sanitary norms, recovery techniques, concrete structures

9HEPI'ETUKA

YK 621.316.11

B. A. Usanuyxuii, xKanauaaT TEXHUYECKUX HAyK, JOLEHT; [lepMCKuil HallMOHANBHBIA UCCIIEOBATENLCKUNA MOJIUTEXHUYE-
ckuii yHuBepcuter (V. A. Ivanitskiy, PhD in Engineering, Associate Professor, Perm National Research Polytechnic
University)

M. E. Twonenés, nonenr; I[lepMckuii HAIIMOHAIBHBIA HCCIECAOBATEIBCKUA TONHTEXHUYECKUH yHHBepcuteT (M. E.
Tyulenyov, Associate Professor, Perm National Research Polytechnic University)

MOJEJIb OJI1 AHAJIM3A PEXXUMOB OJHO®A3HOI'O 3AMBIKAHUA HA 3EMJIIO B CETAX 3JIEKTPO-
CHABXXEHN S (Model for analysis of single-phase ground faults in power supply grids). — C. 185-189.

Onucwisaemcst Simulink-modenv 015 uccredoanus nPOYeccos, NPOMEKAIOWUX 8 Cemu INeKMPOCHAONCEHUSL NPU OOHOPAZHBIX
3amblKanuax Ha 3emaro. Ilpedcmasnenst pe3ynomamosl MOOETUPOBAHUSA 3AMbIKAHUL HA 3eMat0 Ol cemu 6 KB ¢ u301upo8anHol u
KOMNeHcuposantotl netimpanvio. Modenv nosgonsgem ocyuecmenims NOUCK 0OOCHOBAHHBIX HACMPOEK O 0Y202acAUUX peak-
Mopoe6 u ycmpoucms peietinol 3auumsl. Ha ocnosanuu noryueHHbix pe3yibmamos Gopmyaupyomcs mpebosanus K yCmpoucm-
8aM KOMNEHCAYUU MOKO8 0OHOPAZHO20 3AMbIKAHUSL HA 3eMITIO.

The article describes the Simulink- model for the study of processes of single-phase ground faults in the power supply grids.
There are simulation results for ground faults in the circuit 6 kV with isolated or compensated neutral. The model allows searching
the based settings for arc suppression coils and relay protection units. The results of modeling formulate requirements for devices
which compensate currents of single-phase ground fault.

KuaroueBsie c10oBa: ogHO(Ga3HOE 3aMBIKAHIE HA 3€MIIIO, TYTOTACAIINNA peakTop, N30JIMPOBAHHAS HEHTpallh, KOMIICHCHUPO-
BaHHAasI HEHUTpaIlb, pereifHast 3al1iTa, MOICTIHPOBAHUE

Keywords: single-phase ground fault, arc suppression coil, insulated neutral, compensated neutral, relay protection,
modeling

V]IK 662.76(045)

E. M. Kawwun, acnupant; VkeBckuil rocyaapcTBeHHBIH TexHUUecKuil yHuBepcuteT uMeHn M. T. KamamnuukoBa (E. M.
Kashin, Post-graduate, Kalashnikov Izhevsk State Technical University)

B. H. /luoenko, NOKTOp TEXHUUECKUX HAyK, npodeccop; VkeBCKHil Tocy1apCTBEHHBIN TEXHUYECKHH YHUBEPCUTET UMEHH
M. T. Kanamnukosa (V. N. Didenko, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

AKTUBHBIE 30HbI TASOI'EHEPATOPA TBEPAOI'O TOIIJIMBA POTOPHOI'O THUIIA (Active zones of rotor
type solid propellant gas generator). — C. 189-193.

Ilpedcmaenen 0630p eazoeenepamopa pomopHO20 MUNAa ¢ BPAUAIOUUMUCS AKMUBHBIMU 30HAMU, NPUMEHAEMO20 Ol 2d-
sugpurayuu meepoo2o OPeaHUYecKo20 MONIUBA. AHATUZUPYIOMCS HeOOCMAMKY U OCHOBbL NPOMEKAHUS NPOYECco8 8 KAAcCCU-
YeCKUX 2a302eHepamopax, a makice 8 2azo2eHepamope pomopHo2o muna. Paccmampusaromesi ocobeHnocmu pacnonojicerus
MONIUBA NO AKMUBHBIM 30HAM 2A302€HEPAMOPA.

The article provides an overview of the rotor type gas generator with rotating active zones to be used for gasification of
solid fossil fuels. The shortcomings and the base course of processes in classical gas generators and also in a rotor type gas
generator are analyzed. Features of fuel arrangement on active zones of the gas generator are considered.

KaioueBbie ciioBa: rasudukanms, ra3oreHeparop, MUpoJIn3, OKUCICHNUE, BOCCTAHOBJICHUE

Keywords: gasification, gas generator, pyrolysis, oxidation, reduction

VK 502.174.3(470.51)

C. A. Kopones, xkannunat Gpru3nko-MaTeMaTHUECKUX HAYK, TOIEHT; VXKeBCKH TOCy1apCTBEHHBIN TEXHUUECKHH YHHUBEPCH-
ter umeHn M. T. Kanamnukosa (S. 4. Korolev, PhD (Physics and Mathematics), Associate Professor, Department of
mathematical modeling of processes and technologies, Kalashnikov Izhevsk State Technical University)

M. A. Banuyanun, xaagunatr Texandeckux Hayk;, OOO «Temnossie cetm» (Pecrrybmuka Tarapera, r. Arpei3) (M. A.
Valiullin, PhD in Engineering, LLC “Heating networks”)

A. FO. Mepsnaxos, actimpant; VxeBckas TocynapCTBEHHas! CebCKOXO03siiicTBeHHast akanemust (4. Yu. Merzlyakov, Post-
graduate, Izhevsk State Agricultural Academy)

A. C. Catipanos, actimpanT; V>xeBCKkuil rocyapCTBEHHBIN TexHUUeckuii yauBepcuteT nmern M. T. Kamamankosa (4. S.
Sairanov, Post-graduate, Department of mathematical software of information systems, Kalashnikov Izhevsk State Technical
University)

AHAJIM3 TTOTEHLIMAJIA BO30OBHOBJISIEMBIX MCTOYHMKOB DHEPTMU VJIMVYPTCKOM PECITYBJIMKU
(Analysis of the renewable energy potential of the Udmurt Republic). — C. 194-198.

Ilpugeden anaruz NOMEHYUAIA MECMHBIX IHEPSOPECYPCO8 C Yelbl0 000CHOBANUSL HEOOXOOUMOCIU UCHONb30BAHUS dHED-
2emuuecKux yCmaHno8oK Ha 0CHO8E MECHHbIX B0300HOGIAEMbIX BUO0E THONIUEA.

The paper presents the analysis of the local energy resources potential with the purpose of substantiating the necessity of
applying the power installations based on local renewable energy resources.

KaioueBble cjoBa: BO300OHOBISieMble WMCTOYHHMKH SHEPrHM, DHEPreTHUECKMH NOTEHIMad, Ouoras, iepeBooOpaboTka,
9HEProyCTaHOBKH

Keywords: renewable energy sources, energy potential, biogas, wood processing, power plants
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YK 004.942

C. A. Kopones, xanmuaat GU3NKO-MaTeMaTHUECKUX HAYK, JOLEHT; VXKeBCKHUI roCy1apCTBEHHBIN TEXHUIECKUH YHUBEPCH-
ter umenu M. T. Kamamnuukosa (S. A. Korolev, PhD (Physics and Mathematics), Associate Professor, Department of
mathematical modeling of processes and technologies, Kalashnikov Izhevsk State Technical University)

/1. B. Maiixos, acnupanT; VxeBckuid rocyJapcTBeHHbIN TexHuueckuii ynusepeuter umenn M. T. Kanarnukosa (D. V. Maykov,
Post-graduate, Department of mathematical modeling of processes and technologies, Kalashnikov Izhevsk State Technical
University)

NHOOPMAIIMOHHO-AHAJIMTUYECKAS CUCTEMA TTPOEKTUPOBAHUS CTPYKTYPbI, PACHETA U OII-
TUMUMBALIMM TEXHOJIOT'MYECKUX W DKOHOMUYECKUX MMAPAMETPOB BUOI'A30BbLIX KOMIIJIEKCOB
(Information-analytical system of structure design, calculation and optimization of technological and economic
parameters of biogas complexes). — C. 198-202.

Paspabomana ungopmayuonHo-aHATUMuUYecKds CUCmeMd, NO360ISIOUdsL Peulams KOMIIEKC 3a0ay, CA3AHHbIX ¢ HeOpe-
HUem OU02a308bIX MEXHOIO02ULL HA NPEONPUSIMUSIX JCUBOMHOBOOCMBA: ABMOMAMUSUPOBAHHOE NPOEKMUPOGAHUE CIPYKMYPbL
6U02a306020 KOMNLEKCA, pAcyem 1 ONMUMU3AYUSL NAPAMEMPO8 MEXHOIO2UECKUX PENCUMO8 pabombl 060PYO08aAHUs], MeXHU-
KO-9KOHOMUYECKUL QHANU3 PA3TUYHBIX 8APUAHMOE8 OP2AHUZAYUL NPOU3B0OCTEA.

The information and analytical system was developed. It allows solving the complex of problems associated with the
introduction of biogas technology in enterprises of livestock: automated design of biogas complex structure, calculation and
optimization of parameters of technological modes of equipment, technical and economic analysis of different options for
organization of production.

KaioueBsbie cinoBa: Guoras, OMOra3oBblil KOMIUIEKC, TEXHUKO-O9KOHOMUYECKHH aHann3, HHPOPMaIIMOHHO-aHATUTHYECKast
cucrema

Keywords: biogas, biogas complex, technical and economic analysis, information and analytical system

YK 621.314

A. B. Mopos3os, actiupanT; M>xeBckuil rocymapcTBeHHBIN TexHudecknii yauBepcuteT uMeHH M. T. Kamammwukosa (4. V.
Morozov, Post-graduate, Kalashnikov Izhevsk State Technical University)

B. K. Bapcykos, kaHOUIAT TEXHMYECKUX HayK, mpodeccop; VbkeBckuil roCcyapCTBEHHBIN TEXHUIECKUH YHHBEPCUTET MMEHU
M. T. Kanammukosa (V. K. Barsukov, PhD in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

B. A. Mopo3os, xaHOUIAaT TEXHUYECKUX HAYK, TOLEHT; VDKeBCKuil rocynapcTBEHHBINH TEXHUYECKUH YHUBEPCUTET UMEHH
M. T. Kanamnukosa (V. A. Morozov, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

PA3PABOTKA MATPUYHOI'O ITPEOBPA30OBATEJISI HACTOThI (Development of matrix converter). — C. 202-207.

IIpugeodenvr meopemuueckue 0CHOBbL PYHKYUOHUPOBAHUA MAMPUUHBIX NPEOOPA308ameneti Yacmomyl, ONUCAH AN20PUMM
VIPAGNEeHUs. CUNOBLIMU KIIOUAMU, 00eCneuusaiowuli pe2yauposanue 6blXx0OHOU Yacmomyl, amMnaumyobl, a makice KodQpuyu-
eHMAa MOWHOCIMU HA 6X00e.

The theoretical foundations of matrix converter functioning are presented in the article, an algorithm of driving the power
switches providing the regulation of frequency and amplitude of the output voltage and input power factor is described.

KiroueBbie cjioBa: mpeobpa3oBaTelb YacTOTHL, ABYHAIIPABICHHBIN CHIIOBOH KITIOY, CKAIsIpHOe ynpasiernue, [IJINC

Keywords: inverter, bidirectional power switch, scalar control, FPGA

13.32.018.782.3-047.37

A. . Cyodakos, kaHONIAT TEXHAYECKUX HAYK, TOLUEHT; [IepMCKHUIT HAMOHANBHBIA UCCIIEAOBATENECKUI TOTUTEXHUIECKUN
yuusepcureT (4. I. Sudakov, PhD in Engineering, Associate Professor, Perm National Research Polytechnic University)

E. A. Yabanos, nouent; IlepMckuil HalMOHANbHBIA HCCIEIOBATEIbCKUNA IOJIMTEXHUYECKUH YyHUBepcuTeT (E. A.
Chabanov, Associate Professor, Perm National Research Polytechnic University)

H. B. lllynaxos, NOKTOp TEXHUYECKUX HayK, npodeccop; [lepMCcKuii HalMOHAIBHBIA HCCIeI0BATEIbCKUI MTOTUTEXHUYE-
ckuii yausepcuret (N. V. Shulakov, DSc in Engineering, Professor, Perm National Research Polytechnic University)

HOBBIE MOAXOAbl K MAEHTUOUKAILIMU TTEPEXOJIHBIX IIPOILIECCOB CHUHXPOHHBIX MAIIMH B
OIIBITAX BHE3AITHOI'O CUMMETPHUYHOI'O KOPOTKOI'O 3AMBIKAHUA BEPOATHOCTHO-
CTATUCTUYECKMMHN METOJIAMU (Novel approaches to identification of transition processes by probability-
statistical methods during sudden symmetric short-circuit tests of synchronous machines). — C. 207-213.

Cmamovsa noceésaujena Ho8OMy pa38UmMuUI0 8epoAmMHOCMHO-cmamucmuyeckux memooos (BCM) uccnedosanus onumensHuix
nepexooHbix npoyeccos cunxponnvix mawun (CM), npomexaiowux @ yCiogusx 61UsiHUsL HA OAHHblEe NPOYECCbl PAZTULHBIX CLY-
YalHbIX akmopos. B uacmuocmu, paspabomar Hoebvill, HeOPOUHAPHBINL MEMOO MUHUMUZAYUU CPEOHEK8AOPAMUYHOU NO-
2peutHocmu. NPUOIUNCEHUsL OUCKPEMHOU CIMAMUCMUYECKOU MOOeU NePexoOHOU COCMAsIsiouell K ONblMHbIM OAHHbIM CPAG-
HUMEIbHO ONUHHO20 YHACIKA OUCKPEMHO20 NePex00H020 Npoyecca U npedCmasilenus YKa3aHHoU noepeutHoCmu 8 guoe ouc-
KPEmHOU NOBEPXHOCMU 8 MPEXMEPHOM UIMEPEHUU.

The article is devoted to the development of probabilistic and statistical methods (PSM) of researching the long transient
processes in synchronous machines (SM), occurring under the influence of various random factors. In particular, a new
authentic method is explained that is oriented at minimizing the mean square error of approximation of the discrete statistical
model of the transient component to the experimental data on a relatively long section of the discrete transition process. The
model allows representing the found error in the form of a discrete surface in three dimensions.

KaioueBble ci10Ba: CHHXPOHHAsI MAIIHA, IEPEXO/IHBIN HpOLece, UACHTH(UKAIINS, CPEIHEKBAIPATHYHAS IOTPEIITHOCTh

Keywords: synchronous machine, transition process, identification, mean square error
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YK 621.313.32.018.782.3:519.2-047.37

A. A. Cyoakos, KaHAUIAT TEXHUYECKUX HAYK, JOLUEHT; IIepMCKII HallMOHANBHBIA HCCIIEOBATENFCKUI OIUTEXHUIECKUN
yuuBepcuret (4. I. Sudakov, PhD in Engineering, Associate Professor, Perm National Research Polytechnic University)

E. A. Yabanos, nouenr; IlepMckuii HalMOHAJIBbHBIA HCCIEIOBATEIbCKUN MOJIMTEXHUYECKUI yHuBepcuteT (E. A.
Chabanov, Associate Professor, Perm National Research Polytechnic University)

H. B. lllynaxos, NOKTOp TEXHUYECKHUX HayK, npogeccop; [lepMCKuii HaMOHAIBHBIN HCCIIEI0BATEIbCKUHN TTOUTEXHUYC-
ckuit yauepcuret (N. V. Shulakov, DSc in Engineering, Professor, Perm National Research Polytechnic University)

C. B. lllymemos, cTapimmii npenoaasarenb; [lepMckuii HAMOHATIBHBINA UCCIIEI0BATENbCKUH MOIUTEXHIYECKUH YHHUBEPCH-
tet (S. V. Shutemov, Senior Lecturer, Perm National Research Polytechnic University)

PA3BUTHE BO3MOXHOCTEN BEPOSTHOCTHO-CTATUCTUYECKUX METOJIOB JOCTOBEPHOW WJIEH-
TUOUKALIWN AJIUTEJIbHBIX MMEPEXOAHBIX MMPOLIECCOB MOIIHBIX CMHXPOHHLIX MAIIWH B OIIBITAX
T'AIITEHUA T10JIA (Developing the capacity of probabilistic and statistical methods of accurate identification of long
transient processes during field suppression experiments of powerful synchronous machines). — C. 213-220.

Paszsumue Hogvix n00xo0008 Kk Mmemoodam uoeHmupurayuy OIUMeIbHbIX NePexoOHbIX NPOYECCO08 MOUWHbBIX CUHXPOHHBIX Md-
wun 8 obveme mpeboganuil cmanoapmos Poccuiickoii @edepayuu no pesyrbmamam cmeHO08bIX UCHLIMAHUL C UCHONb308A-
HUem 8epoamHOCmMHo-cmamucmuyeckux memooos (BCM). Obvexmamu ucciedos8anus npu 3mom AGNAI0MC ONbIMbl 2aeHUs]
nOJisl, NPOMEKAIOWUe 8 YCI0GUSX GIUSHUSL HA OAHHbIE NPOYECCHl PA3TUYHBIX CLYYAUHBIX (AKMOPOS.

The article is devoted to the development of new approaches in the identification of long transient processes of powerful
synchronous machines within the range of national standards of the Russian Federation on the results of bench tests using
probabilistic and statistical methods (PSM). Objects of research in this are field suppression experiments, which are taking place
under the influence of these processes on various random factors.

KnioueBsbie cii0Ba: CHHXpOHHAs MalllMHA, TIEPEXOAHBIN IpoOLEcC, UCCIEA0BaHNe, NASHTH(UKANNS, [IOCTOSHHAs BPEMEHH,
Cpe/IHEKBaIpaTHYHAS TIOTPELIHOCTh

Keywords: synchronous machine, transient process, research, identification, time constant, mean square error

YK 621.311: 658.26

b. A. Axumosuu, DOKTOp TEXHUYECKHUX HAYK, Mpodeccop; VKeBCKHiA TOCYTapCTBSHHBIN TEXHUISCKAN YHUBEPCUTET UMCHU
M. T. Kanamnukosa (B. 4. Yakimovich, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

C. B. Bonoeoun, TOKTOp TEXHUIECKUX HAyK, podeccop; VkeBCKuil rocy1apcTBEHHBIN TEXHHYECKH YHUBEPCUTET IMEHU
M. T. Kanamaukosa (S. V. Vologdin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

A. C. bomosa, maructp-unxenep; M>keBckuil rocyiapcTBEHHbIN TexHHUecKuil yHuBepcuteT umenn M. T. Kanamaukosa
(Y. S. Botova, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

[IPUMEHEHUE MH®OPMAIMOHHBIX TEXHOJIOIMI 111 AHAJIM3A KJIACCA SHEPTETUYECKOM
DOOEKTUBHOCTH XHUJIbIX 3JAHUN (Application of information technologies for analysis of energy efficiency
class of residential buildings). — C. 221-224.

Paccmampusatomesa 8onpocbl no paspabomxe npospammHo20 KOMNIEKCA (POPMUPOBAHUA IHEP2eMUYEcKo20 NACHOpmda
30anuil. [Ipusedenvl pe3yivmamol pacuema Kiacca IHEPLemuieckol I(hGeKmusHOCmU JHCUNbIX 30AHUL PA3TUYHBIX cepull 8
3A6UCUMOCIIU O BAPUAHINOE BHEOPEHUS FHEPLOCOEPE2AIOUUX MEPORPUSINULL RO MENI0B0U 3aujume 30aHUl.

The development of a program complex for generating the energy passport of buildings is considered. Results are
presented for calculation of the energy efficiency class of various residential buildings depending on variants of introducing
the energy saving measures on thermal protection of buildings.

KiroueBsble ciioBa: 3HEprodpGpeKTHBHOCTE, SJHEPTETUUESCKUIT TacIIOPT, TEIUIOBBIE IOTEPU 3aHHH, OrpaXkJaloue KOHCT-
PYKILMH, aBTOMATH3ALM PacYeTOB, IPOrPaAMMHBIIT KOMILIEKC

Keywords: energy efficiency, energy passport, heat loss of buildings, walling, automated calculations, software package

HAHOTEXHOJIOTNHN

VJK 691.553.2

I'. U. Axosnes, NOKTOp TEXHUYECKUX HayK, Mpodeccop; MkeBckuid rocy1apcTBEHHBI TEXHUUECKUH YHUBEPCUTET UMEHH
M. T. Kanamaukosa (G. I. Yakovlev, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

I'. H. Ilepsywun, TOKTOp TEXHHYECKUX HayK, mpodeccop; VkeBckuii rocy1apcTBEHHBIN TEXHUICCKUN YHUBEPCUTET MIME-
au M. T. Kanamnukosa (G. N. Pervushin, DSc in Engineering, Professor, Kalashnikov Izhevsk State Technical University)

O. B. U3paonosa, actiupanT; V>keBCKuil TocyAapCTBEHHBIN TexHIUecKHi yHIBepcuTeT mMeHn M. T. Kamammukosa (O. V.
Izryadnova, Post-graduate, Kalashnikov Izhevsk State Technical University)

A. @. I'opouna, actimpanT; VkeBckuil rocynapcTBeHHBIN TexHndecknil yHuBepcuter uMenn M. T. Kanamamnkosa (4. F.
Gordina, Post-graduate, Kalashnikov Izhevsk State Technical University)

A. B. Masumog, maructpant; VeBckuii rocy1apCTBEHHbIN TexHu4eckuit yHuBepcuteT umeHn M. T. Kanamnukosa (4. V.
Mazitov, Master's Degree student, Kalashnikov Izhevsk State Technical University)

BJIMSIHUE MHOI'OCJIOMHBIX VIJIEPOJHBIX HAHOTPYBOK HA CTPYKTYPY U CBOMCTBA T'MIICOLIE-
MEHTHO-ITYHIOJAHOBBIX BAXVYIINUX (Influence of carbon nano-systems on structure and properties of
gypsum cement puzzolan binders). — C. 225-228.

Paccmompensi 803modicHbie nepcnexmugvl NPUMEHEeHUs: MHO2OCTIOUHBIX Y2epOOHbIX HAHOMPYOOK 6 Kayecmee HAHOMOOU-
uyupyrowux 000a60K npu NPoU3800cmee U30eaUl Ha OCHOBE 2UNCOYEMEHMHO-NYYYOIAHOBO20 BAICYUWE20 C UCNONLIOBAHUEM
MUKPOKpeMHe3eMa 8 Kavecmeae nyyyoianoeoli 000asKu.
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The paper considers the possible perspectives of applying multi-walled carbon nanotubes as modifying additives for the

production of products on the basis of gypsum cement puzzolan binders with micro-silica as a puzzolanic additive.
KiroueBble cJIOBa: MHOTOCTIOWHBIC YIIICPOIHBIC HAHOTPYOKH, TUTICOBOE BSXKYIIIEE, MUKPOCTPYKTYPa, MUKPOKPEMHE3EM
Keywords: multi-walled carbon nanotubes, gypsum binder, microstructure, micro-silica

KPATKHE COOBHIEHUA

YK 378.18 (470.51)

B. I'. Mopo3zos, maructpant; VbkeBCKHii rocyaapcTBeHHBIN TexHuuecknid yauBepcuteT umend M. T. Kanamraukosa (V. G.
Morozov, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

. C. I[Inewaxos, maructpanT; VKeBCKHiA TOCyAapCTBEHHBIN TexHUYecknuil yHuBepcuteT nmern M. T. Kanamraukosa (D.
S. Pleshakov, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

AHAJIN3 KAYUECTBEHHOI'O M KOJIMYECTBEHHOI'O PA3BUTUA CTYAEHYECKUX OTPSAJOB B VY-
MVYPTCKOM PECITYBJIMKE U POCCUMCKON ®EJIEPAIMH (Analysis of qualitative and quantitative development
of student activity in Udmurt Republic and Russian Federation). — C. 229-231.

IIpuseden ananusz 4UCIEHHOCMU U OYEHKA OesIMENbHOCMU CIYOeHYecKux ompsaooe Yomypmcekou Pecnybnuxu u Poccuii-
ckoul @edepayuu ¢ yenvro onpeoenenus 3PHekmueHocmu GYHKYUOHUPOBAHUSL OAHHOU (POPMbL OP2AHUZAYUU CTYOEHMOS.

The paper presents the analysis of number and evaluation of student group activity of the Udmurt Republic and Russian
Federation to determine the effectiveness of this form of organization of students.

KoueBble c10Ba: CTyJeHYECKUI OTPs[], BCEPOCCUHCKHUI POEKT, YUCIEHHOCTH, Ooell, mTad

Keywords: student group, all-Russian project, number, fighter, headquarters

V]IK 628.336.6

M. B. Csanosa, xanauaaT TeXHUIECKUX HAYK, NOIEHT; V)KEBCKHHA TOCYJapCTBEHHBIH TEXHUYECKUH YHUBEPCUTET UMECHU
M. T. KamamnuukoBa (M. V. Svalova, PhD in Engineering, Associate Professor, Kalashnikov Izhevsk State Technical
University)

A. M. Henocooun, crapimuii mpemnoaBaTesnb; VKeBCKU TOCyAapCTBEHHBIH TeXHUYeckui yHuBepcuTeT uMeHu M. T. Ka-
namaukoBa (4. M. Nepogodin, Senior Teacher, Kalashnikov Izhevsk State Technical University)

O. C. Yepeonuxoea, MarucTpant; MeBCKuil rocy1apcTBeHHBIN TexHH4Yeckuii yHuBepcuteT uMenu M. T. KanamrHukoBa
(O. S. Cherednikova, Master’s Degree student, Kalashnikov Izhevsk State Technical University)

METOJMKA MNCCIEAOBAHNSA AHADPOBHOI'O CBPAXNMBAHUS OCAAKOB CTOYHBLIX BOJ C INPUME-
HEHUEM MATEMATUYECKOI'O MOJIEJINPOBAHIS (Methodology of researching the anaerobic fermentation of
sewage sludge using mathematical modeling). — C. 231-234.

Hccneoosano enusinue napamempog npoyecca aHaspooHo2o cOpaicu8anusi 0caoko8 CIOYHbIX 800 HA 8bIX00 buozasza. Hc-
C1ed08anus nPoBOOUNUCH 6 nabopamopuu buomexnonozuil. Ilonyuena GYHKYUOHANbHASL 3A8UCUMOCTb 00bEMa 8bIX00a OUO-
2asa om memnepamypvi u npooonxcumenrbHocmu npoyecca. Illocmasnennas 3adava pewiaemcs: Memooom, OCHOBAHHBIM HA
meopuu pazmepHocmeti u no0oous.

The influence of process parameters of anaerobic digestion of sewage sludge on biogas production was investigated. The
studies were conducted in the laboratory of biotechnology. The functional dependence of the biogas output volume on the
temperature and duration of the process was obtained. The assigned problem was solved by the method based on the theory of
dimensions and similarity.

KoaioueBble ciioBa: 0caJgKy CTOYHBIX BOJI, MaTeMaTHueCcKas MOJIeIb, (h)aKTOpbI, TEOPHsI pa3MepHOCTEl 1 110100usl, dKCIIe-
pUMEHT

Keywords: sewage sludge, mathematical model, factors, dimension and similarity theory, experiment

YK 623.618

@. A. Vpazbaxmun, TOKTOp TEXHHYECKHX HAYK, podeccop; BoTkuHCkuit ¢punman MkeBCKOro rocy1apcTBeHHOTO TEXHH-
yeckoro yausepcutera nmenn M. T. Kanamaukosa (F. 4. Urazbakhtin, DSc in Engineering, Professor, Votkinsk branch of
Kalashnikov Izhevsk State Technical University)

A. 0. Vpasbaxmuna, KaHIUIAT TEXHUYECKUX HAYK, TOUEHT; BoTkuHCkuid ¢uman MkeBcKoro rocy1apcTBEHHOTO TeXHHU-
yeckoro yHuBepcurera umern M. T. Kanammankosa (4. Yu. Urazbahtina, PhD in Engineering, Assistant Professor, Votkinsk
branch of Kalashnikov Izhevsk State Technical University)

OBBEKT B ITPOLIECCE ITO3HAHU S PEAJIBHOI'O MUPA (Object in the course of knowledge of the real world). —
C. 234-240.

Packpvimo codeparcanue noHamus «peanvhulii 00veKmy Kax 0eticmeumensHOCmy, Cyuwjecmayiouas He3agucumo om noge-
Oenus, Jcenanus u oelicmeuii cyovekma. [loxasano, umo cywecmeyem 00uH MHO20YPOSHesblll peanbHblll 00vekm — Bcenen-
Hasl, KOMOPYbI COCMOUM U3 83AUMOOEIICIEYIOWUX MANEPUATLHBIX 00PA308aAHUI, PACHPEOeNeHHbIX N0 YPOBHAM — 2aNAKMUKY,
co36e30us, 36e30bl, nianemuvl u m. 0. i cyOveKmos, 0Cywecmsialowux no3HaHue 0elucmeumensbHoCmy, Jmu MamepuaibHole
obpaszosanus cuumaiomesa obvexmamu nosuanus. Ilokazano, umo obvekmamu NO3ZHAHUS ABNAIOMCA HE MONLKO 4aACi 00b-
eKma peanbHo20 MUpa, HO U CE:A3U MeXHCOy HUMU 8 8UOe NPOYeccos U A6NeHUL.

The content of the concept "real object" is described. It is proved that there is one multilevel real object — the Universe.
The Universe consists of the interacting material formations distributed along levels - Galaxies, Constellations, Stars, planets,
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etc. For the subjects which are carrying out knowledge of reality, these material educations are considered as objects of
knowledge. It is shown that objects of knowledge are also communications between them in the form of processes and the
phenomena.

KioueBsble ciioBa: peanbHblii Mup, CyObeKkT, BeenenHas, co3Be3nue, siBlIeHHE, OOBEKT MO3HAHUS, MPOLIECCHI, MPEAMET,
lNanaktuka, NiIaHeThl, MaTepUANIBHBIA MUpP, 00BEKT peaJbHOT0 MHUpPa, CBOMCTBA PeabHOrO MUpa

Keywords: real world, subject, Universe, constellation, phenomenon, object of knowledge, processes, subject, Galaxy,
planets, material world, object of the real world, properties of the real world

YK 658.511

P. JI. @omunbix, KaHOUIAT TEXHHYECKUX HAYK, NOUCHT; BOTKMHCKHH (uiman MKeBCKOro rocyIapCTBEHHOTO TEXHHYE-
ckoro yauBepcurera umeHn M. T. Kanamaukosa (R. L. Fominykh, PhD in Engineering, Associate Professor, Votkinsk branch
of Kalashnikov Izhevsk State Technical University)

II. B. Tuwxkos, acniupanT; Botkunckuit ¢prmuan MkeBckoro rocy1apcTBEHHOTO TEXHIHUECKOTO yHUBepcuTeTa nMeHn M. T.
Kanamamukosa (P. V. Tishkov, Post-graduate, Kalashnikov Izhevsk State Technical University)

M. B. Envyos, tnaBubiii cnenmaiuct; 3A0 «Mxesckuit HedTssHON Hayunbiid meHTp» OAO «HK ,,Pocuedts» (M. V.
Yeltsov, Chief specialist, CJSC "Izhevsk petroleum research center», JSC «Rosnefty)

METOJIMKA COKPAUIEHIMSA IIOTEPb BPEMEHU IIPU IMTPOU3BOJCTBE ITPOAYKLNU I'PAXJIAHCKOI'O
HAIIPABJIEHU S (Method of reducing the time loss in production of civil products). — C. 240-243.

IIpeocmagnen nonONCUMENbHbI ONbIM NOBLIWEHUA ONePAmUsHOCMU npouzsoocmea. Ilpusedenvt pesynomamel uccaedo-
8aHUA U NPOEKMUPOBAHUS PAYUOHATLHBIX MPYOOBLIX NPOYECCO8 HA OCHOBE 6A3060U CUCTHEMbL MUKDOITIEMEHMHO20 HOPMUPO-
sanus. Onucana pazpabomannas yuenvimu Uocl' TY umenu M. T. KanawHukoa asmomamuzupo8annas cCucmema MuKpoaJie-
MeHmHo20 Hopmuposanus. IIpedcmasnena mamemamuyeckas Mooes paciema nomepb pabouezo epemMeH npu npou3so0cm-
6e u30enus HA OCHOBe €20 KOHCHMPYKMUBHO-MEXHOIOSUUECKOU CIONCHOCMU U OpP2AHUAYUOHHO-TNEXHUYECKO20 YPOBHS.
NPOU3B0OCMEEHHOU CUCTEMbI.

The paper presents the positive experience of production efficiency. The results of the research and rational design of
work processes based on the underlying system of trace-element rationing are given. The automatic system of trace element
rationing developed by scientists of Kalashnikov ISTU is described. A mathematical model for calculating the loss of working
time in the manufacture of products based on its structural and technological complexity and organizational and technical
level of the production system is presented.

KoueBble ciioBa: onepaTHBHOCTh NPOU3BOJICTBA, PAIlMOHAIBHBINA TPYIOBOW MPOLIECC, MUKPOIJIEMEHTHOE HOPMHPOBA-
HHUE, MaTeMaTH4ecKasl MOJIeNb, OTEPH Paboyuero BpeMEHHU, KOHCTPYKTHBHO-TEXHOJIOTHYECKas! CII0KHOCTh, OPTaHU3aI[HOHHO-
TEXHUYECKUH YPOBEHB

Keywords: efficiency of production, streamlined workflow, trace element rationing, mathematical model, work time loss,
structural and technological complexity, organizational and technical level
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