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B cmamve paccmompeHnvl mexanuzmul GblAGIEHUA (AKMOE8 MOUWEHHUYeCm8a npu ogopmieHuu
Mamepuanog 00po*CHO-mpancnopmuuix npoucwecmeuii (AT11), npuuunoi uyezo sgnaemca ¢hanvcu-
Qukayusn e2o 0bcmoamenbcmas, 00yCl06/1eHHbIX MEXHUYECKUMU NPUYUHAMU, 8 YACMHOCMU, (anbCu-
Qurayueti 0bcmoamenbcms noay4eHUs MEXAHUYeCKUx nOo8pe*CcOeHUll Ky3080mM asmomoouns. B cma-
mbe npogedeH aHanu3 NPUHAK08 MmaKo2o pooa mouweHHuvecmaa. Paccmompensi npobnemol visgie-
HUsL MAK020 8U0A MOWEHHUYECmEd U MeXanu3Mul 8vlasiienus hakxma mowenHudecmaa. Ilpeonoceno
OCHOBHBIM Kpumepuem NPU3HaHus pakma makozo uoad MOUWEHHUYeCm8a CUumams HecoOOmeemcn-
ue 2eomempuy NOBEPXHOCMel NOJIYYEHHbIX NOBPEHCOCHUL 3APUKCUPOBAHHBIM 8 NPOMOKOLE OCMOM-
pa oocmosmenvcmeam JTII. Ho 66udy cinoscnocmu ceomempuu n08epXHOCIMuU 0egpopmayu Kopnyca
oadice onpeoesierue CmeneHu NOBPeNCOeHUs ABNAEMCs CLONHCHOU 3a0auell. [[is peutenus: 5motl 3a0ayu
Modicem Oblmb UCNONBL30BAH MEMOO MeCmMUpyowux oegopmayuil, Ko20a nocie NPUILOHCEHUS. K KOH-
CMPYKYUU XAPAKMEPHbIX YCUULL ONpeOeNaiomcs nepemewjeHus: penepuvlx movex koHcmpykyuu. Oo-
HAKoO 95Mom MemooO MexXHU4ecKU CILONCeH U 8ecbMa HemoueH. M3zeecmen maxce mMemoo noCmpoeHus
MaAmemamu4eckol Mooenu CIONHCHOU 2e0Mempuieckol N0GEPXHOCMU C UCNOIb308AHUEM MAK HA3bl-
8aemMbIX CHIAAUH-QYHKYULL 8MOPO20 pooa, UMelwull, 00HAKO, 6ecbMa OoNbuiUe MamemMamuiecKue
mpyoHocmu. B cmamve uznoscen memoo mamemamuyecko2o MoOeIUpO8aHUs CLOHNCHbIX NOBEPXHO-
cmetl Ha OCHOBe UCNONb308AHUS MEMO008 MAMPUYHOU aneedpbl. TpexmepHbie MOOeNU CLOHCHBIX NO-
8epxXHOCmell 3a0arOmcs 8 8ude NOIUHOMUHATILHBIX MoOdelell 8Mmopo2o NopsaoKa, Koagouyuenmot ne-
peo apeyMeHmamu 6 KOMOpbiX ONpeoessiomcs nymem Mamemamudeckou o6pabomku KoopouHam
Maccuea penepHulx mouek, npesvluarouux 6 3-4 pasza konuvecmeo kodgpguyuenmos 6 mooenu. llpu
IMOM NOBEPXHOCMb 0ehOPMUPOBAHHO20 KOPNYCA OONHCHA 6 30He KOHMAKMA ¢ npecpaooll noHO-
CMbIO CONPA2AMbCA ¢ NOBEPXHOCMbIO npeononazaemoti npecpadvl. CrnedosamenbHo, 00IHCHA OblMb
obnacme apeymeHmos 0Jisl Nepeoli U 6Mopol NOBEPXHOCMEl, 01 KOMOPLIX PA3HOCMb  YPAGHEHUU
9MUX NOBEPXHOCMEl NO OOHOU U MOU Jce Koopouuname, Hanpumep Z, 6yoem munumanvHa. Hem
bonvue 6ydem pasmax dmoi 0oracmu usmeneHuss kKoopounam Y u X, mem 6onee 00CmoepHbiM 516-
JIslemcs npeonosiodceHue 0 COomeemcmsuu 3asaeneHuvix oocmoamenvcme [TI1 peanoHvim cobvimu-
am. B cmamuve npusooumcs npumep oyenku 803moxcnocmu ganvcugpuxayuu peanvrozo JTI1.

The paper deals with the mechanisms for revealing the facts of fraud in the registration of road
accidents which are caused by the falsification of its circumstances because of technical reasons, in
particular, by falsifying the circumstances of obtaining mechanical damages by a car body. The
paper analyzes the signs of this kind of fraud. The problems of identifying such types of fraud and



fraud detection mechanisms are considered. It is proposed to consider the mismatch of the geome-
try of the surfaces of the damages recorded in the inspection report to the circumstances of the ac-
cident to be the main recognizing criterion for this type of fraud. In view of the complexity of the
geometry of the deformation surface, even determining the degree of damage is a difficult task. To
solve this problem, the method of testing deformation can be used, when their displacements are de-
termined after the application of characteristic forces to the reference points. However, this method is
technically complex and very inaccurate. There is also a method for making a mathematical model of
a complex geometric surface using the so-called spline function of the second kind, which, however,
has very great mathematical difficulties. The paper discusses the method for mathematical modeling
of complex surfaces based on the use of matrix algebra. Three-dimensional models of complex sur-
faces are specified in the form of second-order polynomial models, for which the coefficients before
the arguments are determined by mathematical processing of the coordinates of the array of reference
points, which exceed by 3-4 times the number of coefficients in the model. In this case, the surface of
the deformed body must completely mate with the surface of the proposed body in the area of contact
with the colliding body. That is, there must be an area of arguments for the first and second surface
for which the difference of the equations of these surfaces along the same coordinate, for example, Z-
coordinate, will be minimal. The larger the scope of change in coordinates X and Y is, the more relia-
bly the reported circumstances of the accident correspond to actual events. The paper gives an exam-
ple of an assessment of the possibility of falsification of a real road accident.

KawueBble c10Ba: 0e30MacHOCTh JOPOKHOTO JBIKCHHS, TOPOKHO-TPAHCIIOPTHOE MPOUCIIIECT-
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Husix marepuajia Ha u3rud (Modeling of Cyclic Elastoplastic Deformation During Material
Testing for Bending)

. C. Hobposonvckuii, OO0 «Hayuno-npousBoactBenHas ¢upma «Tpect I'eompoekTcTpoii»,
r. xeBck, Poccus (D. S. Dobrovolsky, Master’s Degree Student, designing engineer, Scientific and
Production Company "Trest Geoproektstroy", Izhevsk, Russia)

B npounocmmusix pacuemax snemenmos KOHCmMpYKYull 01 XapaxkmepucmuKy HanpaniCcesHo2o co-
CMOAHUS 8 ONACHBIX 30HAX KOHYEHMpayuu (y4acmku pe3v0, pasiuiHo2o HA3HAYeHUs GblMOYKU, ne-
Pexoobl Ouamempos 8ajos, OMeepCmus, UWNOHOYHblE NA3bl, MPEUjUHbl) UCNONb3VIOMC HOMUHATb-
Hble HanpsdiceHus, onpeoensemvle 6e3 yuema GIUAHUA KOHYEHmpamopd, Uiy MecmHbvle YCI08Hble
HAanpsdiCceHus, 8blyucisemMble 8 NPeOnoI0NCeHUU YNPY2020 0ehopMUPOBAHUs KAK NPOU38eoeHue HOo-
MUHAILHBIX HANPSAHCEHUU U Meopemuiecko2o Kodgguyuenma KoHyenmpayuu. B oelicmeumenvHo-
cmu npu nepezpy3kax KOHCMpPYKYUtll, a HepeoKo U 8 WUMAMHBIX PeNCUMAX NePEMEHHO20 HA2pYyice-
HU, 8 30HAX KOHYEHMPayuyu 803HUKAIOM MpexmMepHvle HeOOHOPOOHbLE NOS IAGHBIX MeCMHbIX Ha-
NPANCEHUU U YAPY2ONIACMUYEecKUx Odegopmayuii, Komopbvie 8 pesyibmame YUKIUYeCcKol Hecma-
OUTLHOCTU MAMEPUATIO8 USMEHAIOMCSA C POCIMOM YUCTA HACPYHCEHUIL.

s onpedenenus HanpadceHUl U ynpyeonaacmudyeckux 0e@opmayuii Hecywux d1emMeHmo8 KoH-
CMPYKYUl npu npocmom (NPonopyuoOHAIbHOM ULU OIUSKOM K HeMY) OOHOKDAMHOM HA2PYHCEHUU
WUPOKO UCNONB3YEMC sl CPABGHUMENILHO XOPOULO pa3pabomanHas meopusi MaiblX Ynpy2oniacmuye-
ckux oeghopmayutl 8 gopmynuposxe A. A. Unvrowuna. IlpumenumenvHo Kk nepemenHomy nponop-
YUOHATBLHOMY HASPYHCEHUIO 0ePOPMAYUOHHASL MeopUsl NAACMUYHOCIU pA3pabOmana u dKCnepu-
MEHMANbHO 000CHOBAHA He 8 NOJIHOU Mepe 80 MHO2OM U3-3a HEOOCMAMKA COBPEMEHHO20 UCHbIMA-
menbHo20 000PY008aHUsl, OOCMYNHBIX IKCNEPUMEHMATbHBIX MEMOOUK U 02PAHUYEHHOCMU IKChe-
PUMEHMATLHBIX PEe3YAbmamos, Xapakmepusyiouwux 3aKOHOMEPHOCMU YUKIUYEeCKO20 YNpY2onia-



CMU4ecK020 0eopMUpOBaHUs WUPOKO2O Kpyea KOHCMPYKYUOHHBIX MAMeEPUAio8 8 XapakmepHom
OJ15 HeCYUWux 1eMeHmo8 KOHCMPYKYUL UUPOKOM OUANA30HEe YUCIA HASPYHCEHUI.

B ceéa3u ¢ smum npedcmasnennas 6 oanHou pabome CpagHUmMenbHO NPOCMAsk MEMoOuKd, 00Cmyn-
HOoe 000py006atue U NOJYYeHHble Pe3yIbmMambl IKCNEPUMEHMATLHOZO0 U AHAIUMUYECKO20 MOOEIUPO-
8aHUsL 3AKOHOMEPHOCMEL YUKIULECKO20 YNPY2ONIACmMUYecKo20 0eqhopMupo8anuus npu UCHbIMaHusix
Mamepuana Ha uzeud UMerom HayyHoe U NpaKkmuyeckoe 3HaveHue Ol COBEPUIeHCMBOBANUSL MeMO0008
OYEHKU YCMANOCMHOU NPOYHOCTIU U O0JI208EYHOCU HECYUUX TIeMEHMO8 KOHCIMPYKYULL.

In the strength calculations of structural elements for the characterization of the stress state in
dangerous concentration zones (thread sections, various recesses, change of shaft diameters, holes,
keyways, cracks) nominal stresses are used, which are determined without taking into account the
influence of the concentrator, or local conditional stresses, which are calculated under the assump-
tion of elastic deformation as multiplication of nominal stresses and theoretical concentration coeffi-
cient. In reality, when the structures are overloaded and often under the standard modes of variable
loading, three-dimensional inhomogeneous fields of the main local stresses and elastoplastic defor-
mations arise in the concentration zones, which are changed with increasing number of loads as a re-
sult of cyclic instability of materials. To determine the stresses and elastoplastic deformations of the
load-bearing elements of structures under a simple (proportional or close to it) single loading, a com-
paratively well-developed theory of small elastoplastic deformations in the formulation of A. A. 1l'yushin
is widely used. With respect to variable proportional loading, the deformation theory of plasticity has
been developed and experimentally substantiated not to the full extent largely due to the lack of mod-
ern test equipment, available experimental techniques and the limited experimental results character-
izing the regularities of cyclic elastoplastic deformation of a wide range of structural materials in a
wide range of the number of loads characteristic for load-bearing elements of structures.

In connection with this, the relatively simple methodology presented in this paper, the available
equipment and the results of experimental and analytical modeling of the regularities of cyclic elas-
toplastic deformation during testing of the material for bending are of scientific and practical im-
portance for improving the methods for estimating the fatigue strength and durability of load-
bearing structural elements.

KiioueBble cjioBa: METOIMKA, MOJICITMPOBAHUE AUATPAMM IIMKIHUYECKOTO YIPYTOIUIACTUYECKOTO
neOpMHUPOBAHMS, HCITBITAHKS MaTepraia Ha U3ruo.
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Hapsoy ¢ konyenmpayueii HanpsajceHuul u MacuimabHuim 3¢pghekmom Kauecmeo no8epxHoCmHo-
20 1051 ABNACMCA OOHUM U3 OCHOBHBIX (haKmMopoes, Onpedesiowux YUKIUIeCcKyo npoyHOCmy U 00J1-
2o6eyHocmo nemenmod koncmpykyuu. Cywecmeennoe 6auaHue HA GbIHOCIUBOCHIbL OKA3blEAOM
B03HUKAIOWUE 8 NOBEPXHOCMHBIX CIOAX NPU MEXAHUYECKOU 00pabomke 0CmamoyHble Hanps#CeHUs.
Heobocnosannoe naznauenue pexcumos oo6pabomku, npugooawell K 603HUKHOBEHUIO OOIbUIUX OC-
MAMOYHLIX PACMALUBAIOWUX HANPANCEHULL, NPUNCE208 U NOBEPXHOCIIHBIX MUKPOMPEUWSUH, NpUeo-
oum K 3HAUUMENbHOMY CHUNCEHUIO YUKTUYECKOU NPOYHOCHIU.

Lllepoxosamocmu nogepxnocmelii 1eMeHmMo8 KOHCMPYKYULl U CMAHOAPMHBIX 00pa3yo8, UCnob-
3yemuix O0isl Onpeoenenus Xapakmepucmuk YuKiudeckoli npoYHOCmU Mamepuanos, Kak npasuo,



omauuaromes. mexncoy cobou. Haubonee 000CHOBAHHBIM NAPAMEMPOM, XAPAKMEPUSYIOUWUM CO-
cmosiHue nogepxHocmell CManoapmHo2o (IMAIOHH020) 06paA3ya U d1emMenma KOHCMPYKYuU, A67s-
emcst 8blICOMA MUKPOHEPOBHOCMEU, NPeOCMABIAIOUUX C80e20 POOd MUKPOKOHYESHMPAMOPbl Ha-
npsaxcenull. Haubonee yygcmeumenbHoiMu K WepoXo8amocmu no8ePXHOCMU SAGNAIOMCS BblCOKO-
NpOUHble CMANU OZPAHUYEHHOU NIACMUYHOCTIU.

Tooasnaowee OONLUIUHCMBO NPOBOOUMBIX UCCIEO08AHUL NOCBAUJEHO UYHEHUIO GUAHUSL UEPOXO-
8amMocmu NOBEPXHOCMU 0OPA3YO8 Ul Oemanell Ha npedevl HeOSpPaHuyeHHo 0oneoeeuynocmu. Cmpem-
JIeHUe YIyYuums mexHuKo-9KOHOMUYecKue NoKazameny 3a cuem uHmeHcupuKayuy mexHon0SU4eckux
u pabouux napamempos (0asnenuti, memnepamyp, acpecCusHOCmMu cpeo) psoa OMeemcmeeHHbIX KOH-
CcmpyKyul (Ky3HeuHbIX WMAMNo8, CMBE0I08 CIMPEIK08020 U APMUIIEPULICKO20 OPYIHCUS, dHepeemuye-
CK020 000pY008aHUs) NPUBOOUM K UX OSPAHUYEHHOU 00JI208eYHOCMU Npu dKCnayamayuu. Buecme c¢
mem Uccie008aHuli NOBEPXHOCMHO20 GaKmMopa Npu 0SPAHUYEHHOU O00J208EUHOCIU DNIEMEHINO8 KOH-
CMPYKYULl BbINOTHEHO HEOOCMAMOYHO. B césa3u ¢ smum 6 danHol pabome usyuaemcs 61usiHUe WePOxXo-
8amocmu NOBEPXHOCMU HA YUKIUYECKYIO NPOUYHOCMb, OZPAHUYEHHYIO 001208€UHOCHIb U NOBEPXHOCHI-
il paxmop cmanu 4X5MDC ¢ yenosusix komnamuoti u nosviuwentoti (450 °C) memnepamyp.

The quality of the surface layer is one of the main factors, together with the stress concentration
and the scale effect, which determine the cyclic strength and durability of the structural elements.u
A significant influence on endurance is exerted by residual stresses that arise in the surface layers
during machining. Unreasonable designation of processing modes leads to the appearance of large
residual tensile stresses, surface microcracks, a significant decrease in cyclic strength.

The roughness of the surfaces of structural elements and standard samples used to determine the
characteristics of the cyclic strength of materials, as a rule, differ from each other. The most rea-
sonable parameter characterizing the state of the surfaces of a standard (reference) sample and a
structural element is the height of microroughness, which is a sort of stress microconcentrator.
High-strength steel of limited ductility is the most sensitive to surface roughness.

The overwhelming majority of the studies carried out is devoted to the study of the influence of
the surface roughness of samples or details on the limits of unlimited durability. The desire to im-
prove the technical and economic performance due to the intensification of technological and op-
erational parameters (pressures, temperatures, aggressiveness of the media) of a number of critical
structures (forging dies, gun barrels and artillery weapons, power equipment) leads to their limited
service life. At the same time, studies of the surface factor with limited longevity of structural ele-
ments are not enough. In this connection, we study the influence of surface roughness on the cyclic
strength, limited durability, and the surface factor of 4X5M®C steel under conditions of room tem-
perature and high temperature (450 °C).

KawueBble ¢10Ba: Ky3HCUHBIC IITAMIIbI, IIEPOXOBATOCTh I'PABIOPHI, OIICHKA MOBEPXHOCTHOIO
(hakTOpa MPU KOMHATHOM M MOBBIIIICHHOW TeMIIepaTypax.

Keywords: forging stamps, roughness of engraving, evaluation of the surface factor at room and
elevated temperatures.
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3aodauetl pacuema npedoXpaHumenbHuIX KIANAHO8 A6Iemcs onpedeiieHue NPonyCcKHoU Cnocoo-
HOCMU, OUHAMUYECKUX YCUNULL, BO3HUKAIOWUX NPU CPADAMbIBAHUU NPEeOOXPAHUMENbHO20 KIANAHA.
s pewenus conpsicerHol 3a0a4u paciema OUHAMUYECKo20 npoyecca pabomol npedoXpanumes-
HO20 KIANaHa NPUMEHSAIOMCS YPAGHEHUsL 2A300UHAMUKY U YPAGHEHUSL MEXAHUYECKO20 O8UNCEHUs OUC-
Ka kaianaua. Ilpumenennviil 01 pewieHuss CONPANCEHHOU 3a0ad OUHAMUKU NPYHCUHHOZO NPedoXpa-
HumenbHo2o Kianana duciennviii memoo C. K. ' 00yHosa 6 ocecummempuyHoll nocmaHogke noKasa.
CNOCOOHOCTL NPABUTILHO PACCYUMbBIBAMb 8EIUYURY 2a300uHamuyeckoll cunvl. Ha ocrnose peszynvma-
MO8 NPOBEOEHHLIX UCNBIMAHULL NPeOOXPAHUMENbHO20 KIANAHA U YUCIEHHbIX PAcyemosd nOCMpoeHa
DyHKYUSL, AGTAIOWAACS YHUBEPCATLHOU XAPAKMEPUCUKOU PACCMAMPUBAEMO20 NPEOOXPAHUMENbHO-
20 knanaua. QyHKYus nPUMeHsAemcs npu anaiuze OUHAMUYECKUX XapaKxmepucmux pabouezo npoyec-
ca npu pasnvix oaenenusx. Ha ocnose meopemuueckoco ananuza noayuyeHvl COOMHOUWEHUS, NO360-
JAlowue onpeoeisimy KUHeMamuiecKue Xapakmepucmuku Oisi NPOU3BOIbHO20 3HAYEHUS BblCOMbI
noovema OUcCKa u 3a0a8amv HAYAIbHbIe YCI08US O PeueHUs. CONPsNCeHHoU 3a0aqu. Hucnennoe
peuienue CONPAXCeHHol 3a0auu OUHAMUKU NPEOOXPAHUMENbHO20 KIANAHA NOOMEEPOULO 803MONC-
HOCMb 3a0anusi mpeoyemoll eUdUHbl HAYAILHOO0 3a30pa b6e3 nomepu MoYHOCMU PACHEemos.

The task of safety valve calculation is to determine the throughput and the dynamic forces arising
at actuation of the safety valve. To solve the adjoint problem of calculating the safety valve operation
dynamics, the equations of gas dynamics and the equations of mechanical motion of the valve disc are
applied. The numerical method of S. K. Godunov in axisymmetric setting used to solve the adjoint
problem of the spring safety valve dynamics has proved the ability to correctly calculate the magni-
tude of gas dynamic force. Based on the results of safety valve tests and numerical calculations, a
function has been constructed that is a universal characteristic of the safety valve in question. The
function is used to analyze the dynamic characteristics of the operation process at different pressures.
On basis of theoretical analysis some relations have been obtained allowing to determine kinematic
characteristics at any disk lift value and to set the initial conditions for adjoint problem solution. The
numerical solution of the adjoint problem of safety valve dynamics confirms the possibility of setting
the required initial clearance without loss of calculation accuracy.

KawueBble ci10Ba: MpenoXpaHUTEIbHBIN KJlallaH, HECTAlMOHAPHBIC Ta30IMHAMHYECKUE TIPO-
I[ECChI, YHUCIICHHBIC METOJbI MOJCIMPOBAHUS, CONMPSDKECHHAs 3ajadya Ta30JMHAMUKHA U MEXaHUKU
KJIaraHa.

Keywords: safety valve, nonstationary gas-dynamic processes, numerical simulation techniques,
adjoint problem of gas dynamics and mechanics of valve.
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B pabome npeonoswcensvt moodenu onmuyecko2o Kauaia cea3u meiemempuieckol usmepumeb-
HOUL cucmembvl, NPeOHA3HAYeHHOU OJi U3MepeHUs MeMnepamypvl NOpuwHs pabomarouezo 0gucame-



7151 BHympenHe2o ceopanus. Kanan cesasu peanuzo8an mexcoy nepeutHbIMU U NPOMENCYMOUHbIM npe-
obpazosamenamu, YCMaHasIUBAeMblMU Ha NOPUIHE U CIMAYUOHAPHBIMU OJIOKAMU npuema u 0opabom-
KU UBMEPUMENbHOU UHDOPpMAYUU CUCHEMbl, DACNOIONCEHHbIMU 3a npederamu osueamens. Kanan
BKIIOUAEM U3YUAmMenb, YOMONPUEMHUK U CXeM) B0CCIMAHOBIEHUS AMNIUMYObl UMNYTbCHBIX UHGDOP-
MAyUoHHbIX cueHanos. Modenu kanana céazu npeocmasiensvl 6 cpede Micro-Cap u peanuzosanvl Ha
UOeaNbHbIX U PEeabHbIX AKMUBHBIX dNeMeHmax (ONnepayuoHHOM Ycuiumene u KOMNapamope Hanps-
arcenust). HMccne0oganust nepexooHvlx npoyeccos Ha Mooeusix 8 pedcume ananuza Transient npoepam-
mut Micro-Cap npu nepedaue ungopmayuu 6 OIumenrbHOCMu ONMUYECKUX UMNYIbCO8 NOKA3ANU, YO
8 KaHaze cés3u 00NyCKAemcs MOOYIAYUsL AMNAUMYObl ONMUYECKUX umnyivcos 0o 30 ob npu noepeu-
Hocmu nepedayu He 6onee 1 % 6 ouanazone wacmom obopomos ogueamens om 10 0o 100 I'y u onu-
menvHocmu umnyivcos om 10 mxc 0o 1 mc. Mooenupyemviti Kanan modicem ObIMb UCNONL308AH 8 De-
ANIbHBIX MeleMempUIecKUx CUCMeMax UsmMepeHus memMnepamypuvl u Opyeux Quuieckux napamempos
osueamernell BHYMpeHHe20 C2OPAaHUs 8 NPOYecce Ux IKCHePUMEHMATbHBIX UCCIeO08AHUL U O0B0OKU.

In this paper we propose models of optical communication channel of telemetric measuring sys-
tem intended for piston thermometry of the running engine of internal combustion. The communica-
tion channel is realized between primary and intermediate transducers installed on the piston and
the static package for receiving and processing of measuring information of system located outside
the engine. The channel turns on the radiator, the photodetector and the scheme of restitution of
amplitude of pulse informational signals. Models of a communication channel are presented in the
environment of Micro-Cap and realized on ideal and real fissile elements (an operational amplifier
and the comparator of tension). Researches of transition processes on models in the mode of the
analysis Transient of the Micro-Cap program at information transfer in duration of optical im-
pulses showed that in a communication channel modulation of amplitude of optical impulses up to
30 dB at a transfer error is allowed at no more than 1% error in a frequency range of engine speed
from 10 to 100 Hz and duration of impulses from 10 microseconds to 1 ms. The modelled channel
can be used in actual telemetering systems of thermometry and other physical properties of internal
combustion engines in the course of their pilot studies and operational development.

KawueBble cjioBa: TeJeMeTpHUYECKasi H3MEPUTEIbHAS CUCTEMa, ONTHYSCKUI KaHajl CBSI3H, MO-
JYJISIHST AMIUTATY bl KIMITYJIBCHBIX CUTHAJIOB, MOJICTUPOBAHKE KaHaJIa CBSI3H.

Keywords: telemetric measuring system, optical communication channel, modulation of ampli-
tude of optical impulses, model operation of a communication channel.
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Oco0eHHOCTH TIPUMEHEHHS] MPUBOAOB COJMKEHHS NPH WCNOJb30BAHUM TYHHEJIBLHOIO
MHKPOCKONA JJIsl TEXHOJOTHYeCKOro KOHTpoJis noBepxHoctu (Features of the Application of
Approach Actuators when Using Tunneling Microscope for Technological Surface Control)

II. B. I'ynses, xanaugaT TeXHUYeckuX Hayk, MHctutyt mexanuku Yam®@UI[ YpO PAH,
WxeBck, Poccust (P. V. Gulyaev, PhD in Engineering, Senior researcher, Mechanics Institute
UdmFRC UB RAS, Izhevsk, Russia)

10. K. lllenxkoenukos, NOKTOp TexHUYECKUX Hayk, UHcTuTyT Mexanuku Y aMOUI[ YpO PAH,
Nxerck, Poccust (Yu. K. Shelkovnikov, DSc in Engineering, Prof., Mechanics Institute UdmFRC
UB RAS, Izhevsk, Russia)

A. U. Kupunnos, Uncturyt mexanuku Y amMOUL[ YpO PAH, Uxesck, Poccus (4. 1. Kirillov,
Junior researcher, Institute of Mechanics UUImFRC UB RAS, Izhevsk, Russia)

K. C. Epmonun, Nuctutyt mexanuku Y amMOUL] YpO PAH, Mxesck, Poccus (K. S. Ermolin,
Junior researcher, Institute of Mechanics UUImFRC UB RAS, Izhevsk, Russia)

B cmamve paccmompeHnvl 0c06eHHOCMU UCTONb308AHUS WAL0BbIX Nbe30IIeKMPULECKUX NPUBO-
008 8 YCI08UAX UHMEHCUDUKayUu npoyeccos cOIUNCeHUs 00pasya u 30HOUPYIoue2o OCmpus cKa-
HUpYIOuWe20 MyHHeIbHO20 MUKPOCKONA Npu KOHMpoJe nogepxHocmu oopasya. Ilokasano, ymo no-
nepemenHoe GKIIOYEeHUe U BbIKNIIOYEHUEe NPUBOOA CONUNCEHUS U Yenu 0OpamHolul C85A3U 6 MyHHelb-
HOM MUKPOCKONe N0360.Jiem UCNOIb308AMb OMHOCUMENLHO 8bICOKUE CKOPOCMU UlA208020 NbE30-



INEKMPUYECKO20 NPUBOOd, COXPAHUMb 30HOUPYIOWee OCmpue UMepUmeIbHoOl Ueibl 8 npoyecce
cOnudcenus u ysenuduums Kodgguyuenm ucnonvzosanus yenu obpamuou ceéazu. Kpome moeo, yc-
MAHOBIEHO, YMO BbIKIIOUEHUE NPUBOOA NO3805em CHUZUMb YPOBEHb NOMeEX NpU pabome 0OpamHoil
cea3u. Onucana KOHCMpPYKYus MexaHudyeckol Myghmol ¢ 0epacamenem odopazya, obecneyusaouasn
conpsdicerue NOOBUINCHOL YACU NPUBOOA ¢ OepicamesieM U Pa3pblé MEXAHUYECKOU CBA3U Nocje
3a6eputenus CONUNCEHUSA C YeNblo YCMPaHeHUs 8IUAHUA Menao8ulx opeligpos. Onucan 0cHOBHOU al-
20pumm YnpasieHus NPUB0OOM CONUNCEHUS, COCMOAWUL U3 NOBMOPAIOWUXCS NPOYedyp. Gopmu-
posanue ynpasiaowux UMnYIbcos 018 Wa208020 Nbe3021eKMPULEeCcK0o20 NPUoOd, 8KIIOYEHUe Yenu
00pamHOU CB43U U NPOBEPKA HANUYUSL MYHHeAbHOo20 moka. [Ipedcmasnenvl ocobennocmu aneo-
PpUmMMa ynpagieHus npueooom cONUdNCeHUs 8 3asepularowjeli Cmaoull, No360JAI0OUe20 PA30MKHYMb
MEXAHUYECKYIO C653b NOOBUNCHOU HACMU NPUB0OA ¢ Oepicamenem 00pazya u yoepucams cKaHep 6
cepeouHe OUHAMUYLECKO20 OUANA30HA.

The paper considers the usage of stepper piezoelectric actuators in the conditions of intensifica-
tion of tip-sample approach in the scanning tunneling microscope, intended for sample surface con-
trol. It is shown that the alternate activation and deactivation of the approach actuator and the tun-
neling microscope feedback allows: to use the relatively high speeds of the stepper piezoelectric
actuator, to keep the probe tip safe during the approach and to increase the utilization factor of the
feedback. Furthermore, it was found that switching off the actuator allows to reduce the feedback
noise level. The design of a mechanical coupling with a sample holder is described, which allows
actuator movable part to contact with the holder and to break the mechanical connection after the
approach is completed to eliminate the influence of thermal drifts. The main control algorithm for
the approach actuator is described, consisting of repetitive procedures: generation of control
pulses for stepper piezoelectric actuator; feedback loop switching on and check of tunneling current
presence. Features of the approach control algorithm in the final stage are presented, which allows
to break the mechanical connection of actuator movable part and the sample holder and to keep the
scanner in the middle of the dynamic range.

KuroueBble cioBa: CKaHHMPYIOIIMN TYyHHEJIBHBIM MHKPOCKOII, IIArOBBIA MbE303JIEKTPUUECKUN
MIPHUBO/I, 30HIUPYIOIIee OCTpUe, IU(pOoBasi 00OpaTHast CBS3b, IPEIIU3NOHHBIC TICPEMETIICHHSL.

Keywords: scanning tunneling microscope, stepper piezoelectric actuators, probe tip, digital
feedback, precision movements.
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HNHTerpanmoHHbie CBSI3M BBIMYCKA HABUTAIMOHHBIX CTeJIEK KaK NmposiBieHue d¢pdexra cu-
HeprusMma (Integration Links of the Release of Navigation Insoles as a Manifestation of the Ef-
fect of Synergy)

A. A. lanunosa, crapmmii npenoaasatens, MxI'TY umenn M. T. Kanamnnkosa, Nxesck, Poc-
cus (A. A. Danilova, Senior teacher, Kalashnikov ISTU, Izhevsk, Russia)

A. U. Axosnesa, crynentka, kI TY umenun M. T. Kanamnaukosa, kesck, Poccus (4. 1. Yakov-
leva, Student, Kalashnikov ISTU, Izhevsk, Russia)

B cmamve cmasumcs 3a0aua Heo6x00UMOCmu 6HeOPeHUsT UHMESPAYUOHHBIX C85I3€ll 8 NPOU3B00-
CMBO HABULAYUOHHBIX CMENeK, YMO AGIAEMC s CEPbe3HbIM WA2OM Olsl 001e24eHUsl HCUHU TH00el,
cmpaoaowux om 3a00ae6anust Anvyeetimepa uu xee nOMowu pooumensim 0isi 0C8e0OMICHHOCMU
0 nepeosudicenuax pebenka. 3nauumenvHas poib OAHHOU pazpabomku 00YCI061eHd ee NPaAKmuye-
CKUM NPUMEHEHUeM, NO360JAIUWUM OMCACOUNMb MECTOHAX0NCOCHUE YeN08eKA C UCNOb308AHUEM
GPS-masxa u nepedamv ungopmayuio 06 ucmopuu nepedsUICeHUl 8 NPULONHCEHUE CMAPMEPOHA.
Paccmompenvl nonosicumenvHvle CmopoHbl Om UCHOAb308AHUSL CUHEP2eMUYeCcKo20 d¢gexma 6
npoyecce cozoanus npooykma. PYHKYUOHAIbHAA U CMPAMESUYeCcKds 803MONCHOCMU NO3BOISAIOM
00CMU4b MAKCUMANbHBIN cuHepeemuyeckull dggpexkm. Dgexm unmezpayuu npedcmagniemcs
appexmamu cunepeuu 0b6veOuHenus QYHKYUOHATbHLIX KOMNOHEHMO8 cmenbku. M3zeecmuvl pas-
JIUYHbLE KIaccuurkayuu hakmopos, onpedessiounux eeiuduny sgpgpexma om cunepeuu. B kauecmee



Kpumepueg omoopa 3¢ppekmunoco Heopenus 8 paspabomKy u 6blnycK HABUSAYUOHHBIX CIeNeK Ha
OCHOBe OYeHKU BeUYUHbL I peKkma cunepeuu onpeoeiensl. Koaudecmeennvle (6eauduna s¢gexma
CUHepeuu Om NOMEHYUATbHO20 8bINYCKA NPOOYKYUU) U KAYeCmEeHHble Kpumepuu (MHO2000pasue
@opm npossnenus sppexma cunepeuu). Takum o6pazom, uHmMecpUpOBaHHoOe 83aUMOOeUCmEue cno-
COOHO 0becneuumsv BbICOKUL CUHepeemudecKull d¢hghexm, GeruyurHa KOmopoco Om CO8MeCmHOU
oesmenvbHoCmu OobULe, YeM CYyMMA IPPeKmos OmoerbHbIX XapaKmepucmux 0essmeibHOCmu.

The paper poses the problem of the need to introduce integration links into the production of
navigation insoles, which is a serious step to alleviate the lives of people suffering from Alzheimer's
disease or to help parents to know about the movements of the child. The significant role of this de-
velopment is due to its practical application, which allows tracking the location of a person using a
GPS beacon and relaying information about the history of movement to the smartphone applica-
tion. Positive aspects of using the synergistic effect in the process of product creation are consid-
ered. Functional and strategic capabilities make it possible to achieve the maximum synergistic ef-
fect. The effect of integration seems to be the synergy effects of combining the functional compo-
nents of the insole. There are various classifications of factors that determine the magnitude of the
effect from synergy. As criteria for selecting effective implementation in the development and pro-
duction of navigation insoles on the basis of an estimate of the magnitude of the synergy effect,
quantitative (the magnitude of the synergy effect from potential output) and qualitative criteria (the
variety of forms of the synergy effect) are determined. Thus, integrated interaction can provide a
high synergetic effect, the magnitude of which from joint activity is greater than the sum of the ef-
fects of individual performance characteristics.

KawueBble cjioBa: HaBUTAIIMOHHBIC CcTeNbkU, GPS-Mask, OTCHIMATBHBI CHHEPTH3M, OIICHKA
3¢ GEKTUBHOCTH, HHTETPajbHAs OLIEHKA, CHHEPTU3M, 3()()EKT HHTETPAIIHH.

Keywords: Navigation insole, GPS beacon, potential synergies, effectiveness evaluation, inte-
gral evaluation, synergy effect of integration.

YK 623.593; 681.31; 004.021
DOI 10.22213/2410-9304-2018-2-62-68

OnTuMHu3anus PacnoJioKeHHsl aKyCTHYECKUX JATYHKOB B IUIOCKOCTH JJI€KTPOHHOW MU-
menn (Optimization of the Arrangement of acoustic Sensors in the Plane of the Electronic
Target)

C. @. Eeopos, KaHOUIAT TEXHUYECKUX HAyK, JAOLEHT, Y IMYpPTCKHUH (enepanbHblil nccienoBa-
tenbckuit eHTp YpO PAH, UxI'TY umenn M. T. Kanamnukosa, Mxesck, Poccus (S. F. Egorov,
PhD in Engineering, Associate Professor, Kalashnikov ISTU, Udmurt Federal Research Center (In-
stitute of Mechanics) UB RAS, Izhevsk, Russia)

Ilpusedenvl pezynomamsl onmuMu3ayuyu KOIUYECmMea U pacnooNCenus aKyCcmuieckux oamuu-
KO8 8 NJIOCKOCMU Pe2UCmpayu 31eKMpPOHHbIX C8EPX38YKOBbIX AKYCIMUUECKUX MulieHell 0l cmpej-
KOB020 OpYIHCUsL NO KPUMEPUIO HEBbIPOHCOAEMOCU MAMEMAMUYECKUX Mooenel. DNeKmpoHHble
akycmuuecKkue MUueHU WUPOKo UCNOIb3VIOMCA O/ UCNbIMAHUA U OUACHOCMUKU CMPeNK08020 U
apmunnepuiicko2o opyxcus na npeonpusmusax OIIK. Paspabomannoe npozpammnoe obecneuenue
N0360JI51em UCCIe008AMb Nepecedetuuss «0COObIX NPAMbBIXY) OM KaXCOOU napvl 0amuuko8 6 Ni0CKO-
CMU MUEHU (20e 803MONCHO BbIPOAHCOEHUE MAMEMAMU4ecKol MoOeu) U Haxo0ums ONMUMALbHYIO
KOHCMPYKYUIO NbIMASICh 8bIBECMU «0CODbIe MOYKUY 3a npedeivbl 30Hbl pecucmpayuu. HMcciedosarsl
Pambl MULUEHU MUNA NPAMOY20IbHUK, NAPATLLENI0ZPAMM, KKOPOHAY, NOLYKPY2 U NOLYIIUNC.

Coenan 661600, 4mMo onmMuUMU3AYU PACNONIONCEHU OAMUUKO8 HA NOJYKPY2I0U pame Ha Henpo-
NOPYUOHATILHBIX PACCMOAHUAX Opye Om Opy2a No360Jsaem 00ecnedums Hegblpo#oaeMocms mame-
MaAmu4eckol Mooenu npu UCNOIb308AHUU 8Ce20 UL 00H020 OONOJHUMENbHO20 AKYCHMUYEeCKO20
oamyuuka. Xomsa maxkas KOHCMPYKYUs U CHUMCAEm MeXHOI02UYHOCMb U320MOBIEHUS U MOHMAMCA
MULEHU, HO NOBbILUAEN ee NOMeX03AUWUUEeHHOCTD.

Results of optimization of quantity and layout of acoustic sensors are given in the plane of regis-
tration of electronic hyperacoustic acoustic targets for small arms by criterion of not degeneracy of



mathematical models. Electronic acoustic targets are widely used for test and diagnostics of small
and artillery arms on defense industry enterprises. The developed software allows to research in-
tersections of "special straight lines" from each pair of sensors in the target plane (where degen-
eration of a mathematical model is possible) and to find optimum construction trying to remove
"special points" out of borders of the check-in area. Target frames like rectangle, a parallelogram,
"crown”, a semicircle and a semi-ellipse are probed.

The conclusion is drawn that optimization of layout of sensors on a semicircular frame at dispro-
portionate distances from each other allows to provide not degeneracy of a mathematical model when
using only one additional acoustic sensor. Though such construction also reduces technological effec-
tiveness of manufacture and mounting of a target, but increases its interference free feature.

KiroueBble c¢JI0Ba: aKyCTHYECKas MHINEHb, aKyCTHYCCKHI IaTYMK, BBIPOXKICHUE, CHCTEMa
ypaBHEHHIA, H3MEPUTEIIbHAS CUCTEMAa, MATEMaTHUECKasi MOJICITb.

Keywords: acoustic target, acoustic transducer, degeneration, system of the equations, measur-
ing system, mathematical model.
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Mogeinn onpenesieHusi 1e)eKTa pa3HOA0OPOTHOCTH TBEPAOTEJIbHOr0 BOJIHOBOIO I'MPOCKONA
(Model of Determination of Defect Difference in Q-Factor of a Solid-State Wave Gyroscope)

P. B. Menvnukog, maructpant, kI TY umenn M. T. Kanamaukosa, Mxesck, Poccust (R. V. Mel-
nikov, Master’s Degree Student, Kalashnikov ISTU, Izhevsk, Russia)

I A. Tpymnes, couckarens, VxI'TY umenn M. T. Kanamnukona, Uxesck, Poccust (G. A. Trut-
nev, PhD Applicant, KalashnikovISTU, Izhevsk, Russia)

A. B. ll]enamckuii, JOKTOp TEXHUYECKHX Hayk, npodeccop, Mk TY umenn M. T. Kanamauko-
Ba, WMxesck, Poccus (4. V. Shchenyatskiy, DSc in Engineering, Professor, Kalashnikov ISTU,
Izhevsk, Russia)

Paccmampusaemces yyscmeumenvHulil 31eMeHm, e2o 2ceomempuiecKue 0CoOeHHOCmu U nozpeut-
HOCMU, 8IUAIOWUE HA MAKMUKO-MEXHUYeCKue XapaKmepucmuKku u30enus.

IIposeden ananus, Komopuwlii NOKA3a, 4mMo OCHOBHOU 8KIAO 8 COOCMEEHHDIL YX00 Yaila 6HOCAM Ma-
Kue NoepeutHocmu, KaK Ynpy2o-maccosvie 0eqhekmvl K8apyeeoco pe3oHamopd, HemoyHoCms cOOpKU
KOHCIPYKYUU, OUUOKU 8 CUCeMe CbeMKU U YNPABIeHUs, 2e0MempuliecKie NopeuHoCmu pe3oHamopa.

Oyeneno 6nusHUe Maxkux nozpeutnocmeti, KaKk pazHoyacmomHoCms U pasHoO00OPOMHOCHb Ha
OKOHYamelbHble XapaKmepucmuKu HagueayuoHHo20 npubopa.

Teepoomenbhbiii 60IHOBOU 2UPOCKON ABNIACMCI CIOACHOU UsMepumenbHol cucmemotu [1], 6 eco
cocmas 8xo0um ynpaenaouas KOMHOHEHMAd, KOMopas yMeHbulaem 6lusHue HeKomopuvlx Heuoe-
anvHocmel npudoopa. AkmyanvHol 3a0avel A614emcs CO8epuleHCmBosanue Ynpasiaoueti KOMno-
HeHmbl U NOBbIULEHIUE MOUYHOCMU 8Cell USMEPUMENTbHOU CUCTEMbL.

Ilepcnekmuenvim nanpaenieHuem s619emcs npUMeHeHue a0anmueHblX CUCTEM A8MOMAMUYecKo20
YNpaeieHus:, NOCKONbKY CYyujecmeayem HeoodX00UMocms UHOUBUOVATIbHO NOOCMPAUBAMbCs NOO KAdiC-
Oblll YYBCMEUMETIbHDILL dNEeMEHM. HACMPAUBAMb PE3OHAHCHYIO YACOMY 4Y8CMBUMENbHO20 DNIeMEeH-
ma, 8bINOJHAMb 3aX6AM COOCMBEHHOU Yacmomyl KO1eOaHull, opmMuposams CUSHAbL PACCO2NACO8A-
HUsL amMnaumyowl Koaebanuti u m. 0. Ilpu usmenenuu macco2abapumHslx napamempos pe3oHamopad,
USPAIOWUX 8AJICHYIO PO 8 USMEPUMENbHOM Mpakme npubopa, Heoodxooumo nposooUns usMeHeHue
napamempog cucmembvl YApasieHus, 4mo yeeiudueaenm gpemeruvie U mpyoosvie 3ampamal.

Jna nosviwenus s¢pghexkmusHocmu ompabomru cucmemvl A8MOMAMUYECKO20 YAPAGIeHUs, CO-
KpaweHus 8pemenu 008ederusi npubopa 0o mpedyemoco yposHs Kauecmea HeobXooumo pa3pado-
mams Mamemamudeckylo Mooeib cucmemsl ynpaenenus. Paccmampueaemcs udeanvnoe ocecum-
MempuuHoe meso, HeCmKo 3aujeMieHHoe 3a HOJCKY pe3oHamopa. B oannoii cmamve paccmampu-
gaemcs MOOelb KOHMYpa aemomMamuiecko20 nooasieHus pasHo00opomHocmu OJisi Nyul-nyabHOU
cucmembvl YNpaeieHus: meepoomenbHo20 80aH08020 2upockona [2]. Coenano npeononodicenue o
B03MONCHOCIU NPUMEHEHUS Pe3VIbMAaAmos UMUMAYUOHHO20 MOOETUPOBAHUs 01 OalbHeliulell pea-
JU3AYUU KOHMYPA NOOABIIeHUs PA3HOO0OPOMHOCMU 8 COCMA8e HABUAYUOHHO20 DIOKA.



The sensor element, its geometric features and errors affecting the tactical and technical charac-
teristics of the product are considered. An analysis has been carried out which showed that the
main contribution to the angle’s own departure is made by such errors as: elastic-mass defects of
the quartz resonator, inaccuracy in the assembly of the structure, errors in the survey and control
system, and geometric errors in the resonator. The influence of such errors as different frequency
and difference in Q-factor on the final characteristics of the navigation device is estimated. The
solid-state wave gyroscope is a complex measuring system; it includes a control component that
reduces the influence of some non-ideals of the device. The actual task is to improve the control
component and improve the accuracy of the entire measuring system. A promising direction is the
use of adaptive automatic control systems, since there is a need to individually adjust to each sens-
ing element: adjust the resonant frequency of the sensing element, perform the capture of the natu-
ral oscillation frequency, generate mismatch signals of the amplitude of the oscillations.

When changing the mass-size parameters of the resonator, which play an important role in the
measuring path of the device, it is necessary to change the parameters of the control system, which
increases the time and labor costs.

To improve the efficiency of the automatic control system, reduce the time to bring the device to
the required level of quality, it is necessary to develop a mathematical model of the control system.
We consider an ideal axisymmetric body rigidly clamped by the resonator leg. In this paper, we
consider a model of the contour of automatic suppression of difference in Q-factor for the push-pull
control system of a solid-state wave gyroscope.

The assumption is made about the possibility of applying the results of simulation modeling for
the further implementation of the contour of suppression difference in Q-factor in the composition
of the navigation block.

KawueBble cjioBa: TBEPIOTEIbHBIH BOIHOBON TMPOCKOI, KBApPIEBBIA PE30HATOP, MaTeMaTHYC-
CKasi MOJIeITh, KoJieOanus, aperid, T0OpOTHOCTh, pa3HOAOOPOTHOCTh, CUCTEMA yYIIPABICHUSI.

Keywords: Solid-state wave gyroscope, quartz resonator, mathematical model, vibration, drift,
Q-factor, difference in Q-factor, control system.
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MopeapoBanue HANPSAKEHHO-1¢(GOPMHPOBAHHOIO COCTOSAHUA NU(PPEePEeHUPOBAHHO Tep-
MOYNPOYHEHHBIX pesibcoB (Strain Stress Modeling of Differential Hardening Rails)

K. A. Tankos, acnupant, xI'TY umenn M. T. Kanamnukosa, Vxesck, Poccus (K. A. Tapkov,
Post-graduate, Kalashnikov ISTU, Izhevsk, Russia)

Oonoii u3z Hauboee Yacmo 8CMPeYaAWUXCA NPULUUH PA3PYULEHUs DeNbCO8 ABIAEMC S 8blCOKOE
3HAYeHue OCMamo4HblX HanpsaxceHul. B npoyecce npoussoocmea penvbcog ocmamounvie Hanpsaice-
HUSL MOZYM BO3HUKAMb 6 Npoyecce NpOoKAmKU, mepmooopadbomxu, npasku u puxmosku. B Ha-
cmosiujee 8peMs NpUemMo-cOamoyHvle UCNHbIMAHUS BKII0UAIOM 8 ceOs KOHMPOLb NO USMEPEHUI0 Pac-
X0JICOeHUsL NA3a Pelbca NOcjie NPOpe3anuust Weliku peavca Ha enyouny 600 mm, a makice usmeperue
OCMAMOYHBIX HANPANHCEHUT 8 NOOOUIBE PENbCa 00 U NOCILe 8bIPe3KU MeMNLemad ¢ HAKIeeHHbIM MeH-
300aMYUKOM.

B oannoii pabome paccmompen 60npoc 0 C6:a3U 3HAYEHUL PACXOHCOeHUS NA3A U HANPAXCEHUs 8
nooow8e ¢ OCMAmMOYHbIMU HANPANCCHUSMU 8 OMOETbHbIX INEMEHMAX PENbCa, NOJLYYEHHbIX MenO0OM
akycmuueckoul menzomempuu. /s 6vlag1eHUss OGHHOU 3A8UCUMOCTU ObLIO BbINOJIHEHO PA3pe3aHue
penbca Ha omoesibHble dleMeHmyl (207108Ka, uielika, N000WEa), nocie 4e2o 8 KaicooMm dnemeHme Obl-
JI0 NPOBE0EHO UMEpEeHUe HANPAXCEHULl MemoooM axKycmuueckol menzomempuu. Modenuposanue
nPOBOOULOCH MEMOOOM KOHEUHbIX dNleMeHmos 8 npocpammuou cpede Comsol Multiphysics. Ilo pe-
3YIbMAMAM MOOEIUPOBAHUS U IKCHEPUMEHMANbHBIX UCCAe008aHUL Npediazaemcsi OpaKo8oYHblll
Kpumepuil 0Jisi KOHMPOJisi OCMAMOYHbIX HANPANCEHUU 6 CIyYae NPo368YUUSAHUSI CEUEHUs PelbCd CO
CMOPOHBI NOBEPXHOCMU KAMAHUA: NOJYYEHHbLE 3HAYEHUS CHCUMAIOUUX HANPSIHCEHUL OONHCHBL HAXO-
oumucs 8 npedenax iy, = —532...—80 Mlla.



The most common reason of rail destruction is the high level of residual stresses. These stresses
appear during the process of rolling, hardening and deformation after straightening. Nowadays rail
control consists of measurements of the discrepancy of the rail after making the housing, and meas-
urements of residual stresses in the bottom of the rail with resistive-strain sensor.

In the paper you can read about the correlation of the discrepancy of the housing and residual
stresses in the bottom of the rail with residual stresses in each element of rail (top, web, bottom).
For searching correlation the rail was reassembled to these elements, after that residual stresses
were measured by acoustoelastic method. Modeling process took place in COMSOL Multiphysics
program. According to experimental and modeling results, the criteria of rejection is proposed. re-
sidual stresses have to be in the range of -52 MPa to -80 MPa in case of measurements by acousto-
elastic method from the top of the rail.

KawueBble ciaoBa: Hepa3pylmIalOIIUN KOHTPOJIb, aKyCTOYNPYTOCTh, PEIbC, HAMPSHKEHHO-
ne(hOpPMUPOBAHHOE COCTOSTHHE, MOJICITHPOBAHKIE, OCTATOYHBIC HATIPSKCHHSL.

Keywords: non-destructive testing, acoustoelasticity, rail, stress-strain state, modeling, residual
stresses.
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CHCTeMe LEeHTPAJbHOro BogocHaO:xkeHusi (System Analysis of Source Water Indicators at
Drinking Water Production in the Central Water Supply System)

I'. A. Bracooamckuii, KaHAUAAT TEXHUYECKUX HayK, AoueHT, VK[ TY umenu M. T. Kanamnuko-
Ba, WxeBck, Poccust (G. 4. Blagodatsky, PhD in Engineering, Associate Professor, Kalashnikov
ISTU, Izhevsk, Russia)

A. A. bac, xannunat TexHuueckux Hayk, goueHt, VbkI'TY umenu M. T. Kanamrnukosa, MbkeBck,
Poccus (4. A. Bass, PhD in Engineering, Associate Professor, Kalashnikov ISTU, Izhevsk, Russia)

M. M. [Topoxos, nOKTOp (QHU3MKO-MaTeMaTHUYeCKUX Hayk, mpodeccop, xI'TY wumenu
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nomarev, Post-graduate, Kalashnikov ISTU, Izhevsk, Russia)

Paboma noceawena cucmemnomy ananuzy OaHHbIX nokazamenel UCXOOHOU 800bl NPU NPOU3BO0-
cmee numvesoll 800bl 8 cucmeme YeHmpaibHo20 8000CHADICEHUSL KPYNHO20 HACENEeHHO20 NYHKMA.
Ha cecoonsunuii oenv na gpone ygeauuugarouje2ocss He2camueHo20 aHMpONo2eHHO20 030€eliCMBUs Ha
OKpYdHcalowyio cpedy Habooaemcs yXyouleHue coCMosAHUsL MHOSUX UCHOYHUKO8 NUMbeBo20 8000-
CHAOJICEHUs. 8 WUPOKOM CHeKmpe nokazameinel, 68 YaCMHOCMU, MAKUX KaK OpeaHoienmudecKue
ceoticmea 600vl. Kax ciedcmeue, soznuxaem npobiema u 015 numvesol 600vl. B pabome npusooum-
csl npoyecc no020mMosKU OAHHLIX O NAPaAMempax UCXOOHOU 800bl, 3aOUpaemorl U3 8000XPAHUIUYA,
komopule excemecsiuno (¢ 2002 no 2014 200) yuumuvleanucsy Ha npeonpusmuu npu 0e3000payuu 60-
ovl. IIpusedennvie napamempuvl OKA3bIBAIOM CYUECMBEHHOE GIUAHUE HA OP2AHONENMUYEecKUe CE0ll-
cmea KoHeuHou 800bl. Ilo02omoska OaHHbIX Ol AHAIU3A NPOBOOUMCS MEMOOOM 2NABHBIX KOMNO-
nenm K. Iupcona. Januvie, nonyuennvie 6 npocmpancmee R, nepeeodsmes € npocmpancmeo memo-
weti pasmeprocmu R'. TTonuswenue pazvepnocmu no3eonsem cHu3UmMb aemoKoppensyuio Meicoy
komnonenmamy. Om6op Komnonenm 6 npocmpancmeo R’ nposodumes no npasuny Ilapemo. B npo-
cmpancmee R’ memooom cepuueckoii knacmepusayuu Oanmoix «Dopenby ¢ ROCMOSHHLIM PAOUYCOM
2PYNAUPOBKY Nposooumcs Knacmepuzayus. 1Ipugooumcs nowiazogoe 8usyanvHoe npeocmasienue a-
copumma knacmepusayuu 6 npocmpancmee R’. B paGome nokasano, 4mo 6 0aHHbIX NOKA3AMENAX Ka-
uecmea UCX0OHOU 800bl umeromces Kiacmepwvl. 11poeooumcs KoppensiyuoHHO-pecpec-CUOHHbIU AHANU3



OQHHBIX, NPEOCMABIIEHHbIX 8 2NABHbIX KoMnoHenmax. Cmposmcs peepecCuoHHble 3a8UCUMOCTU NOKA-
3ameneii OpeaHONENMUYECKUX CBOLICIG OM 2IAGHLIX KOMNOHEHIM U3 NPOCMpPancmea R’.

The work is devoted to the system analysis of the given indicators of source water at the production
of drinking water in the central water supply system of a large settlement. Today, within increasing
negative anthropogenic impact on the environment, there is a deterioration in the state of many
sources of drinking water supply in a wide range of indicators, in particular, such as organoleptic
properties of water. As a consequence, there is a problem for drinking water. The paper presents the
process of preparing data on the parameters of the source water taken from the reservoir, which were
taken into account monthly at the enterprise (from 2002 to 2014) at the water deodorization plant.
The above parameters have a significant effect on the organoleptic properties of the final water.
Preparation of data for analysis is carried out by K. Pearson's principal components analysis. The
data obtained in the space R9 is transferred to a space of lower dimension R3. Dimension reduction
allows to reduce autocorrelation between components. Selection of components in the space R3 is
carried out according to the Pareto rule. Clustering is carried out in the space R3 by the method of
spherical clustering of the "Trout" data with a constant clustering radius. A step-by-step visual repre-
sentation of the clustering algorithm in the space R3 is presented. It is shown that there are clusters in
these indicators of the quality of the initial water. Correlation-regression analysis of the data pre-
sented in the main components is carried out. Regression dependences of the indicators of organolep-
tic properties on the main components from the space R3 are shown.

KawueBble ¢ji0Ba: MPOU3BOACTBO MUTHEBOW BOJIbI, METOJ] TJIABHBIX KOMITOHEHT, KJacTepH3a-
IIUS1, PETPECCHs], BU3yaIH3aLusl.

Keywords: production of drinking water, principal component analysis, clustering, regression,
visualization.
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Pa3pa6oTka nHGOPMANMOHHON cCHCTEeMbl ONTHUMHU3ANMU PALIMOHOB KOPMJIEHUSI KUBOTHBIX
(Development of Information System for Optimization of Cattle Rations)

P. M. I'apaes, ctynent, UxI'TY umenu M. T. Kanamnukoa, MkeBck, Poccust (R. M. Garaev,
student, Kalashnikov ISTU, Izhevsk, Russia)

B. B. Kosanesckuti, kannunaaT cenbCckoxo3siictBeHHbIX Hayk, ®I'BYH Yam®UI][ YpO PAH,
Wxesck, Poccus (V. V. Kovalevsky, PhD in Agriculture, Udmurt Federal Research Center UB RAS,
Izhevsk, Russia)

C. B. BonozOoun, NOKTOp TeXHUYECKUX Hayk, npodeccop, k[ TY umenn M. T. Kanammnukosa,
Wxesck, Poccust (S. V. Vologdin, DSc in Engineering, Professor, Kalashnikov ISTU, 1zhevsk, Russia)

Jannoe uccnedosanue Hanpagneno Ha peuieHue BadMdCHOU NpodIeMbl CelbCKOXO3AUCMBEHHO20
npouU3800CmMEa U HUBOMHOBOOCMEA, 8 YACMHOCMU — ONMUMU3AYUS PAYUOHO8 KDYIHO20 PO2AMO20
CKOMA 0151 NOBbIULEHUS. NPOOYKMUBHOCMU U YMeHblUeHUs. 3ampam npeonpusmus. Hcnonvzosanue
UHDOPMAYUOHHBIX CUCTNEM NPU COCMABIEHUU PAYUOHA NOMONCEN YCKOPUMb CAM NPOYecc COCMAas-
JIeHUsl U COKpamum 00 MUHUMYMA CMAHOApmMHble OWUOKU, OONycKaemble CReYudIucmom 300mex-
HUKOM, Ymo O]1a20npusimio NoGuusem Ha Kauecmeo U KOIUYecmeo noayyaemot npooykyuu. boiiu
npogeoenbl UCCIe008AHUS CYUWECMBYIOWUX UHDOPMAYUOHHBIX CUCEM ONMUMUZAYUU DAYUOHOS
JHCUBOMHDBIX, BbIAGNIEHbl UX HedocmamKu. /[ gpopmuposanus mpeboeaHull U OYeHKU Cyulecmsayio-
wux cucmem 8viopara mooenv kavecmea ISO 9126. Paspabomana mamemamuyeckas mMooenb 3d-
oauy OnMuUMU3AYUYU payuoOHO8 KOPMA HCUBOMHBIX HA OCHOBE 3a0ayu TUHENHO020 NPOocPaAMMUPOSa-
HUS, KOMOPAs 3aKI0OYaemcs 6 MUHUMU3AYUU YeNe6ol QYHKYUU N0 CMOUMOCMU COCMABIAEMO20
PAayuona ¢ o2paHudyeHuIMU no noxazamenam obwell numamenvHocmu. B ocnoee paspabamvigae-
MO20 NPOMOMUNA NPULOHCEHUS 3AN0HCEHA PYHKYUOHANLHASL MOOENb, PA3PAOOMAHHAS C UCHONb30-
sanuem memooonocuu IDEF(0, xomopas onpedensem ocHo6Hble QYHKYUU cucmemvl. 0oOpabomra
3anpocosé noav3osamens U Npeoocmasienue HeoOX0OUMol Ungopmayuu no Kopmam u HOPpMAam
HCUBOMHDBIX, CO30AHUE PAYUOHOS O] HCUBOMHBIX NO 3A0AHHbIM NAPAMEmpam, nepeciem payuoHda
C yuemom UMeHeHUll, 6HEeCeHHbIX NONb308ameneM, aHaIUu3 payuonHa u npedoCmasieHue PeKoMeH-



oayuti no ezo onmumuzayuu. Onucano e3aumooeticmeaue NoOKmouaemvix odubruomex. Onucamwl
Memoovl pazpabomKu aneopummos 83aumMo0elicmaus ¢ noavzosamenem. /na cozoanus unmepgeti-
ca 8vlbpamsl cnocodwvl npoexmuposarus — « OpueHmupo8anHoe Ha NONbL308AMeNsT NPOECKMUPOBA-
Hue» u «Yenosekoopuenmupogannoe npoekmupoganuey. Takum obpaszom, npu pearuzayuu 3a0ay
0aHHO20 Ucciedo8anus byoem peuieHa npooiema OnMUMU3AYUY PAYUOHA HCUBOMHBIX.

This research is aimed at solving an important problem of agricultural production and livestock
production in particular - optimization of rations of cattle to increase productivity and reduce the
costs of the enterprise. The use of information systems in the compilation of a diet will help accelerate
the process of compilation and minimize the standard errors allowed by a specialist in animal techni-
cian, which will have a positive effect on the quality and quantity of the products. Studies of existing
information systems for optimizing animal rations have been carried out, and their shortcomings have
been identified. To formulate requirements and evaluate existing systems, the ISO 9126 quality model
has been selected. A mathematical model of methods for optimizing rations based on linear pro-
gramming has been developed. The solution of the optimization problem of linear programming will
be produced by the simplex method, whose task is to minimize the objective function at the cost of the
composted diet and with a number of limitations on the indicators of general nutrition. At the heart of
the developed prototype applications the functional model has been incorporated which is developed
using the methodology of IDEF0, which defines the basic functions of the system: processing user re-
quests and providing the necessary information on the feed and animal standards; creation of rations
for animals according to the given parameters; recalculation of the ration taking into account the
changes made by the user, analysis of the diet and providing recommendations for its optimization.
The interaction of the connected libraries is described. Methods for developing algorithms for inter-
action with the user are described. To create an interface, the design methods are chosen - "User-
oriented design" and "Human-oriented design". Thus, in the implementation of the tasks of this study,
the problem of the rate of optimization of the diet will be solved.

KawueBble ciioBa: nmporpaMMHOe oOecrieueHue, OlleHKa KadecTBa, HHTepQeiic MoIbp30BaTes,
YKUBOTHOBOJICTBO, KOPMJICHUE )KMBOTHBIX, cOcTaBlieHue panuoHos, IDEFO.
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HNudopmanonHble NMPU3HAKH VI aBTOMATH3UPOBAHHON KOMIBIOTEPHOH KJACCH(PUKALUH
nbuIbleBbIX 3epeH (Information Features for the Computer Classification of Pollen Grains)

IO. b. Kamanosa, actiupant, VbxI'TY umenn M. T. Kanammukosa, Vbkesck, Poccus (Yu. B. Ka-
malova, Post-graduate, Kalashnikov ISTU, Izhevsk, Russia)

I B. Jlomaes, noktop TexHum4eckux Hayk, npodeccop, Vx['TY umenn M. T. Kanamraukosa,
WNxesck, Poccust (G. V. Lomaev, DSc in Engineering, Professor, Kalashnikov ISTU, Izhevsk, Russia)

B cmamve paccmompenst ungopmayuonHvle npusHaxu Ok KOMNbIOMEPHOU Klaccugurayuu
NbLILYEBLIX 3ePeH, A MAKIHCe NPOAHANUSUPOBAHO UX MOPPOLo2ULecKoe CmpoeHUe ¢ paccMOmpeHu-
eM 2eoMempudecKux Npu3HaKos Ha pasHvlX YpoeHsax. B kauecmee nmpusHakos 0/ pacno3HaeaHus
8bIABIEHbL pa3MeEPbl (IKEAMOPUATILHBIL OUAMEMP U NOJAPHBIU paouyc u 0p.), OYepmanus, cKyaibn-
mypa, anepmypa, mexkcmypa, noJisIpHOCHb Nulibyesvlix 3epeH. llpuseden npumep knaccugurayuu
nulavyesvix 3epel. bvinu Halidenvl uHmMepeanvl U Koauuecmso pacmeHul, nonaoarnwux 6 OaHHbie
UHMepPBabl NO NPUSHAKAM, — IKEAMOPUATLHOMY OUaAMempy U NOJIAPHOMY paouycy. [lns skeamopu-
aAnbHO2O0 ouamempa ObLIO BbIAGNEHO, YMO MAKCUMATbHOE YUCTO pacmenuti (25 wm.) aedxcum 6 oua-
naszone om 40 00 50 mxm u m. 0. Ilo 6viasnenHbIM OAHHBIM ObLIA NOCMPOEHA MAOAUYA OUANAZOHOB
IKEAMOPUATLHO2O OUAMEMPA U KOAUYeCm8a pacmeHull, nonadarowux 6 0auHbulll OUanda3oH, u oua-
epamma. bvino evlasieno, umo 6 ouanazox 3naveHull noaapruozo paouyca om 0 0o 10 mxm He nona-
JI0 HU 00HO20 pacmeHnust, 8 ouanazon om 10 0o 20 mxm nonano 6 pacmenuti, om 20 0o 30 mxkm — 28
pacmenuti u m. 0. Ilo vlasneHHbIM OaHHbLIM ObLIA NOCMPOEHA MAbAUYA OUANA30HO8 NONAPHO20 Pa-
ouyca u Koauuecmaa pacmerutl, nonaoarowux 8 OGHHbIU OUANA30H, U OUASPAMMA.



In this paper, information features for the computer classification of pollen grains are considered,
and their morphological structure is analyzed with consideration of geometric features at different
levels. The dimensions (equatorial diameter and polar radius, etc.), outlines, sculpture, aperture, tex-
ture, polarity of the pollen grains were revealed as recognition descriptors. The example of pollen
grain classification is given. The intervals and the number of plants that fall within these intervals ac-
cording to the characteristics (the equatorial diameter and the polar radius), were found. For the
equatorial diameter, it was found that the maximum number of plants (25 pieces) lies in the range
from 40 to 50 um, etc. According to the findings, a table of ranges of the equatorial diameter and the
number of plants falling within the data range and a diagram were constructed.

It was found that no plants fell within the range of values of the polar radius from 0 to 10 um,
6 plants fell into the range from 10 to 20 um, from 28 to 20 um to 28 um, etc. Based on the data,
a table of the ranges of the polar radius and the number of plants falling within the data range and
a diagram were constructed.

KawueBble c10Ba: KOMIBIOTEPHBIN IMBUTBIICBON aHAIHM3, MbUIbIIA PACTCHUMN, pacliO3HABAHHE
M300pakeHni, O0TaHNYECKOEe MMPOUCXOKIACHUE Mea, MPU3HAKH MBUTBIICBBIX 3ePEH, KOMIIBIOTEPHAS
KJ1accu(UKAIUs TBUIBLIEBBIX 3EPEH.
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I[IpuMeHeHNEe TeHETHYECKOT0 AJITOPUTMA VIS ONTUMHU3ANMU TEMIIEPATYPHOr0 pe:kuMa mo-
MelleHHH MOCPeICTBOM peryJIHupoOBaHus 0aJJaHCHPOBOYHBIX KJIAaNaHOB cTOSAKOB (Application
of the Genetic Algorithm for Optimizing the Room Temperature Regime through Balancing
Valves of Risers)

A. I1. llpasun, acnupant, VOkI'TY umenn M. T. Kanamnukoa, Voxkesck, Poccust (4. P. Shuravin,
Post-graduate, Kalashnikov ISTU, Izhevsk, Russia)

C. B. Bonoeoun, TOKTOp TEXHUIECKUX HayK, Mo1eHT, VK[ TY umenn M. T. Kanamavkosa, VbkeBck,
Poccus (S. V. Vologdin, DSc in Engineering, Associate Professor, Kalashnikov ISTU, Izhevsk, Russia)

B cmamve 0bocHosbisaemcs akmyaibHOCMb UCCIEO08AHUL ANCOPUMMOE ONMUMUZAYUU KAK OJI5L
obnacmu HayKu 0b UCKYCCMBEHHOM UHmMeIeKme, Max U OJis peuteHus: Pa3iuiHbIX NPUKIAOHbIX 3a0a.
Tosicusiemest HeobOX0OUMOCIb peuenUst 3a0ay ONMUMU3AYUU MEPMOSUOPABTULECKUX PENHCUMOB 30a-
Hul. Temnepamypa 6030yxa 8 Omaniu8aemvix NOMeweHUsX 3a6UCUM OmM MHO2UX (PAKMOpPO8, 8 Yacm-
HOCIU OM Napamempos 02paxcoarouux KOHCMpYKYutl, napamempos menioHoCUmels, OKpylcaouelt
cpeobl, a maKdHce Om CONPOMUBLeHUl 6ANAHCUPOBOUHBIX KIANAHO8 cmMOosiko8 omonienus. O60CHO8bI-
8aemcst He0OX00UMOCHb Pe2yIUPOBaHUsL SUOPABTIUYECKO20 CONPOMUBTLEHUSI BeMBell MHO2OKOHMYPHOU
cucmembl OMONJIEHUsI 30aHULL NPU NOMOWU Pe2yIUPOBOUHbIX KIANAHO8 O/ YCMPAHeHUus memnepa-
mypHO20 Jucbananca nomewenull 30anutl. B cmamve npusooumcst mamemamuyeckas NOCMaHo8Ka
3a0auu ONMUMUAYUY, A MAKKHCe 08a Memooa peuleHus NOCMABIeHHOU 3a0ayu: Memoo NOKOOpOU-
HAMHO20 NOUCKA U 2eHemudecKutl areopumm. IIpusooumcst O10K-cxema 2eHemuyeckKo2o aneopummd,
Gopmynvl 8eposmHocmell cKpewusanus u npasuia ceirekyuu. Ilpeocmasnenvl pezynibmamul Kcne-
PUMeHma 071l IMUX Memoo0o8 ONMUMUZAYUU, GKTIOUAS ePAPUKU UBSMEHEHUs. Yeledol DYHKYuU no
umepayusm, cpasHuUmMenbHylo maobauyy, odvsicHeHue pe3yibmamos. B zaxnouenuu coenan 661600 o
MOM, YMO 2EHEMUYECKULL AN2OPUMM NOKA3bIBAEH JIyYuiue Pe3yibmanvl ONMUMU3AYUY, YeM MEnoo
NOKOOPOUHAMHO20 NOUCKA, HO UMeem DONbULYIO 8bIYUCIUMENbHYI0 cmoumocmb. [Ipednosicena euno-
me3a 011 OalbHelue20 UCC1e008aHUs.

The paper proves the relevance of the research of optimization algorithms for both the field of
science on artificial intelligence and for solving various applied problems. The necessity of solving
optimization problems of thermohydraulic buildings regimes is explained. The air temperature in
the heated rooms depends on many factors, in particular on the parameters of the enclosing struc-
tures, the parameters of the coolant, the environment, and also the resistance of the balancing



valves of the risers. The necessity of regulation of the hydraulic resistance of the nodes of a multi-
circuit building heating system with the help of adjusting valves for eliminating the temperature im-
balance of the building premises is substantiated. The paper presents a mathematical formulation
of the optimization problem, as well as two methods for solving the problem posed: the coordinate
search method and the genetic algorithm. A block diagram of the genetic algorithm, the probability
formula for crossing, and the selection rules are given. The experimental results for these optimiza-
tion methods are presented, including the graphs of the change of the objective function by itera-
tion, the comparative table, the explanation of the results. Finally, the conclusion is drawn that the
genetic algorithm shows better optimization results than the method of coordinate-wise search, but
has a large computational cost. A hypothesis is proposed for further investigation.

KawueBble ¢10Ba: MCKYCCTBECHHBIN WHTE/UICKT, METOJbI ONTHMHU3AIIUN, T'CHETHYECKUN ajro-
PUTM, METOJI TOKOOPAMHATHOTO TIOUCKA, TEPMOTUAPABIMYCCKHIA pacyer.

Keywords: artificial intelligence, optimization methods, genetic algorithm, coordinate search
method, thermohydraulic calculation.
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Ilpeocmaenena npoyedypa 2enepayuu mMooyneil, omeeuarowux 3a 06a3oewvle d1eMeHmbl, KOmopbvle
UCnov3yOmcs 0Jisk ONUCAHUSL paACYemHOl 001acmu,; npuMeHeHue OaHHOU npoyedypsl O peanusa-
yuu mooynei Ha npumepe 0000weHHOU MoOdenu Heremyyel Hegpmu. [Ipednodicen HOBbIL NOOX0O K
pazbuenuro pacuemuol 001acmu Mecmopo*COeHuUs, BKadaruell 8 ceds NPOOYKMUBHbIU NIACM U
HazemHoe 0bopyodosanue, 01 obecneyenus 6oaee 8blCOKO20 YPOGHSI aOCMPaKyuu npu 0eKoMNo3u-
yuu naacmosou cucmemvl. Popmanuzoeana npoyedypa 2eHepayuu Mooynet, omseeyarowux 3a oa-
308ble 21eMeHMbl, KOMOopble UCNOIL3VIOMCA OJI ONUCAHUS PACUEMHOU 001acmu; NpUMeHeHue OaH-
HOU npoyedypsl 015 pearuzayuu Mooyiell Ha npumepe 0000weHHOU Mooenu Helemyyel Hedhmu.
Jna onucanusa niacma, cK8AM@CUH U HA3EMHBIX 00BEKMO8 ObLIU NPEONONHCEHbl PA3TUYUHbIE TMUNDL )3+
7108 U coeduHenuti. B 3asucumocmu om uucna ¢asz paspabomarvl coomeemcmeayoujue y3ib.

B pabome npeonoocena obobwennas mooenv Heremyuell Heghmu ¢ HECEHHbIMU OONYUWEeHUAMU,
NO3680NAOUUMU OOCMOBEPHO peuiums 3a0ayy 2UOPOOUHAMUYECKO20 MOOETUPOBAHUS MECHOPOHIC-
Oenuti. Ilpedcmaenen cemesoii n0OXo00 K pazdueHuio 001ACMU MeCmOpOA*COeHUsl, Mamemamuye-
cKoe onucanue mooyneu. Taxou memoo npedcmasisem cobol cemedol N00X00 K CO30aHUI0 CUM)-



JISIMOPA Mecmopodicoerull u obecneuusaem Oojiee 8bICOKULU YPOBeHb CIMAHOAPMU3AYUU, YeM KIAC-
cudeckuii cnocoo.

The paper presents a generalized model of non-volatile oil with introduced assumptions that
make it possible to reliably solve the problem of hydrodynamic modeling of deposits. A network ap-
proach to the division of the field of the deposit and a mathematical description of the modules are
presented. This method is a network approach to creating a simulator of deposits and provides a
higher level of standardization than the classical method.

The procedure for generating modules responsible for the basic elements that are used to describe
the calculation area is presented; the application of this procedure for the implementation of modules
is described using the generalized non-volatile oil as an example. A new approach is proposed for the
breakdown of the estimated area of the field, including the productive layer and ground equipment, to
provide a higher level of abstraction in the decomposition of the reservoir system. To describe the
formation, wells and ground objects, various types of assemblies and connections were proposed.
Depending on the number of phases, the corresponding nodes have been developed.

KaioueBble ci10Ba: THIPOIUHAMUYECKOE MOJCIUPOBaHUE, MHOrO(a3zHas CMeCh, HeJeTydas
He(DTh.
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yausepcureT, Y da, Poccus (S. V. Denisov, PhD in Engineering, Associate Professor, Ufa State Pe-
troleum Technical University, Ufa, Russia)

A. H. Kpachos, KanauaaT TEXHHUECKUX HAYK, OIEHT, Y GUMCKUN roCy1apCTBEHHBINH HEPTIHOM
TEeXHUYECKUN yHUBepcutet, Y da, Poccus (4. N. Krasnov, PhD in Engineering, Associate Professor,
Ufa State Petroleum Technical University, Ufa, Russia)

A. A. Ilbwxos, KaHJ. TEeXH. HayK, YAMYpPTCKUil (eaepalbHbIi HMCCIEOBATEIbCKUNA LIEHTP
()Ypansckoro otnenenus Poccuiickoii akagemun Hayk, Mxesck, Poccust (4. A. Shushkov, PhD in
Engineering, Udmurt Federal Research Center, UB RAS, 1zhevsk, Russia)

Cospemennbiti anaiuz cucmemvl pazpabomku MecmopoHcOeHUull y2i1e6000p0008 U NpocHO3 OU-
HaMUuKu 000bl4U NPU Pa3IUYHbIX YCI0BUAX IKCHILYAMAYUU OCYWECMBIACHICA ¢ NOMOWbIO MAMeMa-
Mmuyeckux mooenel nogeoenus npoOyKmueHo2o niacma, dQ@exmusHoe UcCnoab308anue Komopoix
mpebyem 3HAYUMENbHbIX GblYUCIUMENbHbIX 3ampam. Heonpedenennocmo, ceszannas ¢ xapakme-
PpUCMUKAMU NIACMA U HACLIWAIOWUX e20 aoud08, NpUEOOUm K HeoOX00UMOCmU npedsapumeisb-
HO20 2UOPOOUHAMUYECKO20 UCCAe008AHUSL PEeaKyuu NIacma HA UdMeHeHue pexcuma 0obwviuu (3a-
KayKU) 8 CK8ANCUHAX.

Mamemamuueckoe moodenuposanue MHO20haA3HO20 NOMOKA 8 NOPUCIOU cpede, 8 3HAUUMENbHOU
cmeneHu, ce ewe omkpvimoili gonpoc. OCHO8HAA MPYOHOCMb C8A3AHA C €20 PAZHOMACUMAOHOU
npupooou. Daxmuuecku, HeoOXOOUMO DACCMAMPUBAMb MHO20DA3HBINU NOMOK KAK NPoOIemMy co
CHIOJHCHOU PUBUKOU, M. e. K020a pa3Hble Npoyeccvl npeodaadarom Ha pasHulx macuimadax. 110000-
HOe CIOJICHOe NoGeOeHUe He JHCeNAMeNbHO C800UMb K CO30AHUI0 YNPOWEHHBIX MAMeMamuiecKux
MoOenell, Komopbie A81AI0mcs 0000weHuem mooeiell, XOpouio ONUCHIBAUUX 0OHOPDA3HbLIL NOOK.
Omo ocobenHo akxmyanvbho Oisi mpexghasHoeo NOmoxda, KOmopwili mpaouyuoHHO MOOeIUPO8AaICs
nymem HenocpeocmeeHH020 NPUMeHeHUs 08yX@a3Ho20 ONUCAHUA.

Lenv nHacmoswyeti pabomvl cocmoum 8 pazpabomke YHUBEPCANbHO20 NOOX00d K CO30AHUI0 NpO-
2PAMMHO20 KOMNIEKca OJisl 2UOPOOUHAMUYUECKO20 MOOEUPOBAHUS HEPMAHBIX MECNOPOHCOEHUT, KO-
mopwitl danee Oyoem npocmo HA3bLIAMb CUMYIMOPOM. Takoil memoo npedcmasisiem coboll cemesotl
N00X00 K CO30aHUI0 CUMYIAMOPA MeCMOpPO#COeHUli U obecneyusaem 0Oofee 8blCOKULL YPOBEeHb CMAH-



oapmuzayuu, Yem Kiaccudeckuil cnocod. /[nsa pewienus noCmasieHHoll 3a0ayu npedCcmasiena mame-
Mamuyeckas Mooeb U YUCIeHHOe NPeOCMAasneHue YPAGHEeHUI COBMECIHO20 08UNCEHUSL (IHOUA0S.

A modern analysis of the hydrocarbon field development system and forecast of production dy-
namics under different operating conditions is carried out using mathematical models of reservoir
behavior, the effective use of which requires significant computa-tional costs. The uncertainty asso-
ciated with the characteristics of the formation and its saturating fluids lead to the need for a pre-
liminary hydrodynamic study of the formation's reaction to a change in the production (injection)
regime in the wells.

Mathematical modeling of multiphase flow in a porous medium, to a large extent, is still an open
question. The main difficulty is related to its diverse nature. In fact, it is necessary to consider a
multiphase flow as a problem with complex physics, i.e., when differ-ent processes prevail on dif-
ferent scales. Such complex behavior is not desirable to reduce to the creation of simplified mathe-
matical models, which are a generalization of models that describe a single-phase flow well. This is
especially true for a three-phase flow, which was traditionally modeled by the direct application of
a two-phase description.

The purpose of this paper is to develop a universal approach to the creation of a software pack-
age for the hydrodynamic modeling of oil fields, which we will simply call the simulator. This
method is a network approach to creating a simulator of deposits and pro-vides a higher level of
standardization than the classical method. To solve this problem, we present a mathematical model
and a nu-merical representation of the equations for the joint movement of fluids.

KawueBble c0Ba: THIPOAMHAMHYECKOE MOJEIMPOBAHHE, MHOTO(Aa3Has CMeCh, HeJeTydas
He(DTh.
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ckuil yauepcurert, Ilepmb, Poccust (M. B. Makarova, Master’s Degree Student, Perm National Re-
search Polytechnic University, Perm, Russia)

M. A. Aproe, maructpant, IlepMCcKkuii HalMOHANBHBIM HCCIEAOBATEIBCKUN MOTUTEXHUUECKUI
yauBepcureT, Ilepmb, Poccust (M. A. Yarkov, Master’s Degree Student, Perm National Research
Polytechnic University, Perm, Russia)

U. I'. Cesacmvsanosa, TOKTOp TEXHUYECKUX HayK, mpodeccop, [lepMckuii HaIMOHATBHBIN HC-
CJIeZIOBaTeNIbCKUM MONMUTeXHU4Yeckuil yHusepcuret, [lepmb, Poccus (1. G. Sevastyanova, DSc in
Engineering, Professor, Perm National Research Polytechnic University, Perm, Russia)

B nacmoswee 8pemsa 00Ha u3 0CHOGHBIX NPOOIEM pPA3BUMUS 0OUeCMBA 3aKI0YAemCs 8 NPOMU-
gopeuuu medxHcoy COCMosAHUEeM NPOU3BOOUMENbHLIX CUNL U NPUPOOHBIX pecypcos. Hexonmponupye-
Moe mexHO2eHHOe 8030elcmaue Ha OKPYHCAIOWYI0 cpedy 6e0em K pa3eemeaieHHbIM IKOL02UYECKUM,
9KOJI020-IKOHOMUHECKUM U IKON020-COYUANbHBIM He2amueuviM nocieocmsusim. Heobxooumocmo
9KOJI02UYECKOU ONMUMUZAYUU NPUPOOONONIL308AHUSA, 0Oecnedusarueco coxpamerue ouocgepvi
nymem oxpamvl OKpydcaioujeli cpeosbl U payuoHAIbHO20 UCHONb308AHUSL NPUPOOHLIX PeCcypcos, A6Jis-
emcsl 2NABHBIM COOEPAHCAHUEM KOHYENYUU oXpaHvl okpyxcarowel cpeovl Ilepmckozo kpas. B cma-
move paccmompenvbl OCHOGHblEe NOJONCEHUs, HA KOMOPbIX 0A3Upyemcs KoHyenyus 3KO0JI02U4ecKoll
bezonacnocmu Kpas no oxpaue oxkpyscaioujeti cpedvl. OmmeueHo, umo 8 Kpae umeromcs npooaemvl
OUCNPONOPYUU MeHCOy MpeboBaHUIMU K Kauecmsy OoKpycaioujeli cpedbl U aHMpONOSeHHbIM 803-
Oeticmeuem Ha ecmecmeeHHble pecypcyl. B cesa3u ¢ evicokou KoHyenmpayuel pazmeujenus Ha mep-
puUmopuy Kpasi Xumuiecko2o, MauuHOCmpoumenbHo20, MOonJIUEHO-IHEPLeMULECKO20, Memailypeu-
YecKk020 U J1eCONPOMBIUULECHHO20 MENCOMPACIE8bIX KOMNIEKCO8 UMeem Mecmo GblCOKUL YPOGEHb
3aepA3HeHUs. AaMMOCHePHO20 8030YXA U 3HAYUMENLbHbIE 00BEeMbl 00PA308AHUSL OMX0008 NPOU3BO0-
cmea. B npombluieHHbIX YeHmpax pe2uoHa pecucmpupyemcs Haubosee HU3KUl yposeHb NpoooJ-



arcumenvHocmu HcuzHu. J{aHo 0OOCHOBAHUE BO3MOIICHBIX 8APUAHMOE KOOPOUHAYUU MEPONPUSMULL
no obecneuenuro K0I02UYECKOU 6e30nacHOCmU meppumopuu Kpas, Haubonee 3@pekmuenvim u3z
KOMOPUIX ABIAEMCs NPOSPAMMHBIU NOOX00 K peuteruto npooiem. Onucamvl 603MONCHbIE 3HAUUMbLE
pe3yibmamsl, KOmopuvle N036015M PAYUOHANLHO UCNOb308AMb NPUPOOHBIE O02AMCMEA Kpasl ¢ CO-
O00enuem npupoooOXpPanHbIX mpedosaHull.

At present, one of the main problems of the development of society is the contradiction between
the state of the productive forces and natural resources. Uncontrolled man-made impact on the en-
vironment leads to branched ecological, ecological-economic and environmental-social negative
consequences. The need for environmental optimization of nature management, which ensures the
conservation of the biosphere by protecting the environment and rational use of natural resources,
is the main content of the concept of environmental protection in Perm region. The paper considers
the main provisions on which the concept of environmental security of the region is based on envi-
ronmental protection. It is noted that in the province there are problems of a disproportion between
the requirements for the quality of the environment and anthropogenic impact on natural resources.
Due to the high concentration of chemical, machine-building, fuel-energy, metallurgical and timber
industrial intersectoral complexes on the territory of the region, there is a high level of air pollution
and significant amounts of waste production. In the industrial centers of the region, the lowest level
of life expectancy is recorded. The rationale for possible options for coordination of measures to
ensure environmental safety of the territory of the region is given, the most effective of which is a
program approach to solving problems. Possible significant results are described that will allow
rational use of the natural resources of the region in compliance with environmental requirements.

KawueBble cJIoBa: YKOJOTHYECKAsk ONTUMH3AIINS, OKPYIKaIOIIasl Cpejia, KOHIEIIHS OXPaHbl OK-
pYXarouiei cpeabl.
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ux pemieHusi (Alternative Solar Energy: Pressing Problems and Proposed Ways to Solve
Them)

B. A. Cmapoodybyesa, kanaunat TexHu4ecKux Hayk, AoueHt, YOk 'TY umenun M. T. Kanamauko-
Ba, WxeBck, Poccust (V. A. Starodubtseva, PhD in Engineering, Associate Professor, Kalashnikov
ISTU, Izhevsk, Russia)

B. A. Opnos, maructpant, VxI'TY umenn M. T. Kanamnukosa, Mxesck, Poccus (V. 4. Orlov,
Master’s Degree Student, Kalashnikov ISTU, Izhevsk, Russia)

M. B. Twonvkun, ct. npenoaasatens, VxI'TY umenn M. T. Kanamnukosa, Mxesck, Poccus
(M. V. Tyulkin, Senior Teacher, Kalashnikov ISTU, Izhevsk, Russia)

A. C. Mazumos, maructpant, VbxI'TY umenn M. T. Kanamnukosa, Mxesck, Poccust (4. S. Mazi-
tov, Master’s Degree Student, Kalashnikov ISTU, Izhevsk, Russia)

B pabome ycmanogieno, umo 31eKmpoceHepupyrowuti CeKmop IKOHOMUKU HAHOCUM OWLymu-
MLl yulepd okpydicaioueli cpede 3a cuem 8bl0p0cos 6 ammocghepy yenexkuciozo 2aza. Kax munu-
mym 89 % 6v16pocos, c6A3AHHBIX C NPOUIBOOCMBOM SHEPLUU, MOICHO HPEOOMEPAMUMb, 3AMEHUB
MPaouyUOHHble UCMOYHUKY IHEPSUU ANbMEPHAMUBHBIMU, K KOMOPbLIM OMHOCAMCA. 8empodInepee-
MUKQ, 2eIUOIHEPLeMUKA, 2e0MEPMANbHAS SHEPLEMUKA, 2UOPOIHEPLEMUKA, KOCMUYECKas dHepee-
muxa, buodHepeemuKa.

Ilposedennvlii ananuz nokazai: ompaciv 2eiUOIHEPLeMUKU MEXHUYECKU OOCMAMOYHO XOPOULO
Pazeuma u WUpoKo UCHOIb3YEmCcsl He MOJbKO 3a pybedcom, HO U 6 Hawel cmpare. [Ipasumenbcmeo
NPUHUMAaem 6ce 803MONCHbIE PeuleHUs Ol 0DecneyeHUs pa3gumus albmepHamuHOU JHEPLeMUKU.

B cmamve paccmompenul 3a0auu, cmoaujue nepeo 2eiu03IHepLemuKoll. nosvluleHue IHep2o3p-
GexmusHocmu conHeunvlix bamapeu, KOMopas HANPAMYIO 3a8UCUM OM MOWHOCMU CAMUX NaHeel,
a maksce om NO200HbIX YCI08UL (UHMEHCUBHOCMU CONIHEYHO20 c8emd, memnepamypel) u 6ojee
apexmusroe ucnonb3oeanue 0eucmeyIoOuUx aKmMueos albmepHamueHOU IHePSeMuK.



IIpobremy nepepacnpedenenusi SHePUU MeNCOY PA3TUUHO20 8UOA UCHIOYHUKAMU MOICHO PEUUMb
nOCpeoCcmeom NPUMEHEHUs HOBLIX CEPBUCO8 8 dIHepeemuKe, OCHOBAHHbIX HA MEXHOI02UU pacnpeoe-
JleHHo20 peecmpa — mexHonoeuu Blockchain. Ilpumenenue mexunonocuu Blockchain nomocaem ocy-
Wecmensims KOHMpOJb 34 NePemoKamu IHepeuU, 3auumums cucmemy KOHMPOIA U y4ema 3a O8U-
JHCeHUueM dHepeuu Om NOCMOPOHHE20 BMEUAMENbCmEd, UCKTIOUUMb BO3MONCHOCHb MAHUNYIAYUU
OQHHBIMU OMOENbHBIX YUACTIHUKOS dHEP2ONOMpPeOaeHUs U IHEPLONPOU3BOOCMBA 8 C8OI0 NOTIb3Y.

Aemopamu npeonodceHvl nymu peuteHus GblulenepeyucieHHbIX NPooaIeM 2eau0IHePSemuKiL.

The paper describes that the power generating sector of the economy causes significant damage
to the environment through the release of carbon dioxide into the atmosphere. At least 89% of emis-
sions related to energy production can be prevented by replacing traditional energy sources with
alternative ones, including wind energy, solar energy, geothermal energy, hydropower, space en-
ergy, bioenergy.

The analysis showed that the solar energy industry is technically well developed and widely used
not only abroad, but also in our country. The government takes all possible decisions to ensure the
development of alternative energy.

The problems of solar energy are considered in the paper: increasing the energy efficiency of so-
lar cells, which directly depends on the power of the panels themselves, as well as on weather con-
ditions (sunlight intensity, temperature) and more efficient use of existing alternative energy assets.

The problem of energy redistribution between different kinds of sources can be solved by apply-
ing new services in the energy sector, based on the technology of the distributed registry - Block-
chain technology. The use of Blockchain technology allows to monitor the flow of energy, to protect
the system of control and accounting for the movement of energy from outside interference, to ex-
clude the possibility of manipulating the data of individual participants in energy consumption and
energy production in their favor.

The authors suggest ways to solve the above problems of solar energy.

KawueBble cj10Ba: albTepPHATUBHAS JHEPreTHKA, TEIMOIHEPIETUKA, COTHEUHAS TaHENb, aKKYy-
MYJISITOpHAs OaTtapes, MUKPOKOHTPOJLIED, OJOKUECIH, YMHBIC JJICKTPHUECKUE CETH.

Keywords: alternative energy, solar energy, solar panel, battery, microcontroller, block, smart
electric networks.



