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TEOPETUYECKASA MEXAHUKA U EE lNPUJTIOXXEHUA

YK 531.391 DOI: 10.33979/2073-7408-2021-345-1-3-13

N.I1. TIOIIOB

PE3OHAHCHI U AHTUPE3OHAHCHI CUJI U CKOPOCTEM

AHHOTAUMSA. /{11 uccne0o8anus pe30HAHCHLIX U OKOJOPE30HAHCHLIX A8IeHUUl UCNONb308AH CUMBOIUYECKUU
(KOMNIEKCHbIN) Memoo, NO360ANWUL CYUECBEHHO NOBbICUMb NPOOYKIMUBHOCb, YIPOCMUMb U QOPMATUI08AMb
MamemamuyecKkue npeobpaszosanus. Paccmompenvt napannenvhoe u nociedogamenvHoe COeOUHEHUS INeMEHMO8
MEXAHUYecKol cucmemvl ¢ UCMOYHUKOM CUNbL, AUOO UCMOYHUKOM CKOPOCMU 8 Kayecmee UCMOYHUKA BHeUlHe20
MEXAHUYECKO20 2apMOHUUecKo2o 6030eticmeusi. Onucanvl yemvipe pexicumd — Pe30HAHCHL U AHMUPE3OHAHCHL CUNL U
ckopocmeil. Hcnonv3zoganue cumgoauueckozo (KOMNIEKCHO20) Memood CYWecmeeHHO YNPOCMUIO UCCIedo8anue
PE30OHAHCHBIX U OKOJIOPE3OHAHCHBIX SIGACHUL, 8 YACMHOCU, NO360AUL0 2TYOOKO YHUDUYUPO8ams u Gopmanruzoeams
paccmompenue pasiuyunblx Mexanuieckux cucmem. I pomosoxue u mpyooemkue onepayuu, césa3anuvle ¢ coCmagieHuem
u peuleHuem oup@epenyuanvHblX YpasHeHUll, 3amMeHeHbl NPOCMbIMU dneedpauieckumu npeobpazosanuimu. B ocrnoge
Memooa aedxcum mexanudeckuti ananoe 3akona Oma 8 KOMNJIEeKCHOM Npeocmasienuy U NOHAMUe O MeXaHUudecKux
peakmance, pesucmarce, umMneodarce, caccenmarce, KOHOAKmance u a0Mumance.

KiroueBble c10Ba: peakmanc, pesucmanc, UMneoanc, caccenmanc, KOHOAKmMauc, AdOMUmaHc.

CIIMCOK JIMTEPATYPbI

1. Ionos W.I1. MMnenancel U aJAMUTAaHCHI MEXaHHM4YeCKHX cucTeM // DyHIaMEHTalbHbIE W HPHUKIAJHBIC
npoOieMbl TeXHUKH U TexHonoruu. 2020. Ne 5 (343). C. 3—11. DOI: 10.33979/2073-7408-2020-343-5-3-11

2. ITonoB N.I1. Anrebpanyeckie METOIbI pacueTa pa3BeTBICHHBIX MEXaHUYECKHUX CHCTEM IPU BBIHYKJICHHBIX
Kosebanusx // @yHIaMeHTalbHbIC U MPHUKIIaIHBIC IP0o0IeMbl TeXHUKH U TexHomoruu. 2020. Ne 5 (343). C. 12-20. DOI:
10.33979/2073-7408-2020-343-5-12-20

3. [Ipokomos, E.E. MeToxp! rccite[oBaHuUs MPOLECCOB B CHCTEMaX BUOPO3AIIUTHI C YIIPABIIEMON KECTKOCTHIO
/ E.E. Ilpokomos, A.B. I'opun // ®yHaameHTaIbHBIC U TPUKIAIHBIC TPOOIEMBI TEXHUKH U TexHomorHn. 2019, Ne 2(334).
c. 52-59.

4. Bragumupos, A.A. I'eomeTpuueckas MOZEIb MIEPOXOBATOCTH IIPH TOUEHUH ¢ MAaITHUKOBBIMU KOJICOAHUSIMU
pe3ua / A.A. Brnagumupos, A.-H. Adonun, A.B. Makapos, M.1O. Ha3aposa // ®dyHgamMeHTanbHble ¥ [IPUKIATHbIC
npoOieMbl TeXHUKH U TexHooruu. 2019. Ne 4-1(336). c. 15-19.

5. Kopo6xko, B.1. DxcriepruMeHTaIsHOE OIpe/iesIeHIe OCHOBHOM YacTOTHI KoJeOaHMIT IUTACTHHOK B BUIE pomMba
u paBHOOepenHoro tpeyronbuuka / B.1. Kopo6ko, H.I'. Kanamnukosa // @yHaaMeHTaaIbHbIE U IPUKIIAHbIE TPOOIEMBI
TeXHUKHU U TexHojoruu. 2018. Ne 3(329). c. 57-63.

6. Kopo6ko, B.J1. B3auM0CBsI3b MAaKCHUMAIBFHOTO MPOTHOa W OCHOBHOW 4acTOTHI KojebaHuil mactuHok / B..
Kopo6xko, A.A. Yepnsie, C.B. Illmsixos, B.O. Triopun // ®yHnamMeHTalbHbIE U MPUKIATHbIE MPOOIEMbl TEXHUKH U
texunosoruu. 2018. Ne 2(328). ¢. 3-8.

7. Mopesa, W.H. Ompenenenne ko3()(HUINEHTOB BOJHOBOIO AeMI(HUPOBaHUS METOJOM CBOOOJHBIX
satyxatorux konebanuii / N.H. Mopesa, E.B. Xpomos // ®yHmamMeHTanbHble ¥ MPUKIAIHBIE MPOOIEMBI TEXHUKH W
texHonoruu. 2019. Ne 4-2(336). c. 73-76.

8. Jloma, W.B., IlpuOmmkeHHOe penleHHE 3aJa4d O NPOJOJIBHBIX BOJHAX HANpPSHKEHUH B YHPYyro
BA3KOIUTacTHUeCKuX cTepxHaAx / V.B. Jlona // ®yHnameHTaNbHBIE U PUKIAJHBIE TPOOIEMBI TEXHUKH W TEXHOJOTHH.
2019. Ne 2(334). c. 14-17.

9. Jleonenko, JI.B. Konebanus TpexclroiHON MUIMHAPUIECKOH OOOJOYKH B YIPYroH cpele MOA ACHCTBHEM
0CECHMMETPHUYHBIX JHHAMIYEeCKUX Harpy3ok / 1. B. Jleonenko // @yHnaMeHTaIbHbIC U NPHKIIAIHBIC TPOOIEMbI TEXHUKH
u texHosoruu. 2018. Ne 3(329). c. 64-72.

10 ITonos M.II. «OpToroHansHble» MOIIHOCTH TPH MEXaHWYECKHUX KonebaHusx // dyHpamMeHTalbHBIE U
MIPUKJIaIHBIE TIPOOIeMBl TeXHUKH B TexHojorun. 2019. Ne 6 (338). C. 12-15.

11. SABopckuii b.M. CnpaBounuk no ¢pusuke / b.M. SIBopckuii, A.A. lernad. — M.: Hayka. 1980. — 512 c.

IHonor Urops IaBioBu4

Kyprauckuii rocy1apcTBEHHbII YHUBEPCUTET

Crapmuii npenionaBaTens Kageapsl «TeXHOIOrHsS MAITMHOCTPOSHHS, METAJUNIOPEKYIINE CTAHKH M HHCTPYMEHTBI»
640002, Kypran, yn. Tomuna, 106, kB. 52

8-905-85-28-121

E-mail: ip.popow@yandex.ru



https://elibrary.ru/contents.asp?id=39214402
https://elibrary.ru/contents.asp?id=39214402
https://elibrary.ru/contents.asp?id=39214402
https://elibrary.ru/item.asp?id=39212785
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/item.asp?id=39217111
https://elibrary.ru/item.asp?id=39217111
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/item.asp?id=35511707
https://elibrary.ru/item.asp?id=35511707
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/item.asp?id=35511666
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/item.asp?id=39217455
https://elibrary.ru/item.asp?id=39217455
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/author_items.asp?authorid=661024
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/item.asp?id=35511710
https://elibrary.ru/item.asp?id=35511710
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39212776
https://elibrary.ru/contents.asp?id=39214402
https://elibrary.ru/contents.asp?id=39214402

KOHTpOJ’lb, AUArHOCTUKA, HCNIBITAHUA U YIIPABJICHUE KAY€CTBOM

|.P. POPOV

RESONANCES AND ANTI-RESONANCES OF FORCES AND VELOCITIES

Abstract. To study resonance and near-resonance phenomena, a symbolic (complex) method was used, which
makes it possible to significantly increase productivity, simplify and formalize mathematical transformations. Parallel
and sequential connections of elements of a mechanical system with a source of force or a source of speed as a source of
external mechanical harmonic action are considered. Four modes are described - resonances and antiresonances of
forces and velocities. The use of the symbolic (complex) method has significantly simplified the study of resonance and
near-resonance phenomena, in particular, it has made it possible to deeply unify and formalize the consideration of
various mechanical systems. The cumbersome and time-consuming operations associated with the preparation and
solution of differential equations have been replaced by simple algebraic transformations. The method is based on the
mechanical analogue of Ohm's law in a complex representation and the concept of mechanical reactance, resistance,
impedance, susceptance, conductance and admittance.

Keywords: reactance, resistivity, impedance, susceptance, conductance, admittance.
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B.T. MATBEEHKO, A.B. JIOJIOI'JIOHSH, B.A. OUEPETSHbIN

I'MBKUE KOI'EHEPAIIMUOHHBIE TEXHOJIOI'MA HA BA3E
I'A30TYPBUHHBIX IBUT'ATEJIEA C ITPOMEKYTOYHbLIM
IHOJOI'PEBOM I'A3A IIEPE/I CHJIOBOU TYPBUHOU

Annotamms. [Ipedcmasnenvi pesynvmamol ucciedosanus kozenepayuonnozo I'TH ¢ npomedicymounvim
nooocpegom 2aza neped cunogoi mypounou u mypbokomnpeccopuvim ymuauzamopom (TKY). Ioxazano, umo



npumenenue mypounsi nepepacuupenusn 6 cocmase TKY ¢ npomnodoepesom eaza ysenuuusaem yoeibHyio MOUWHOCHb
bonee, yem 1,5 pasa, npu smom KIIJ{ pacmem omunocumensvro na 10...15%. 3a cuem pe2ynuposanus memnepamypsol 2aza
3a  KaAMepamu C2OpaHus HA  NEePeMEHHbIX — PEedCUMAX — OCYUECMGISIemcs YApAGIeHue NOMOKAMU — IHepIuu
8bIPAOAMBIBACMBIMU KO2EHEPAYUOHHOU 2A30MYPOUHHOU YCIMAHOBKOU.

KaloueBble  ciioBa:  kocewepayus, — 2a3omypOuHnblii  Ogueamenv,  MypOuHa — nepepacuiupeHus,
MYypOOKOMAPECCOPHBLIL YIMUAUZAMOD, NPOMIOOSPES 243d, NEPEMEHHDBIL PEHCUM.

Hccnedosanue evinonneno npu unancoeoit noooeprcke PODU u zopooa Cesacmonona é pamkax
Hayunozo npoekma Ne 18-48-920005.
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V.T. MATVIIENKO, A.V. DOLOGLONYAN, V.A. OCHERETYANY!I

FLEXIBLE COGENERATION TECHNOLOGIES BASED
ON GAS TURBINE ENGINES WITH REHEATING OF GAS BEFORE
THE POWER TURBINE

Abstract. Presents results of a study of the cogeneration gas turbine with reheating of gas before power turbine
and turbo-compressor utilizer (TCU). It is shown that the use of an overexpansion turbine in the composition of TCU
with reheating of gas increases the specific power by more than 1.5 times, while the efficiency increases by 10...15%. By
controlling the temperature of the gas behind the combustion chambers in variable modes, the energy flows produced by
the cogeneration gas-turbine are controlled.

Keywords: cogeneration, gas turbine engine, overexpansion turbine, turbocompressor utilizer, reheating of gas,
variable mode.
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A.B. IOJIOI'JTOHAH, A.C. CTPEBKOB, B.T. MATBEEHKO, 1.H. CTALIEHKO

NCIHHOJb30BAHME MECTHBIX KIMMATHYECKHUX PECYPCOB
X0JIOJA B KOMBUHHUPOBAHHBIX IIMKJIAX BAKYYMHbIX
MUKPOI'ASOTYPBUHHbBIX YCTAHOBOK
TEIVIOJIEKTPOCHABKXEHMUS JTIOKAJIBHBIX OB BEKTOB

AHHoOTAIMS. [Ipeomemom paccmompenus 8 cmamve AGIAIOMCA MemOObl YCAOHCHEHUS YUKTIO08 BAKYYMHbIX
Muxpoeazomypounnvlx ycmanogox (BMITY) ¢ yenvio Oanvheliueco nogvlutenus ux 3IKOHOMUuHoOcmu. Bviopano
Hanpasnenue boee 2ny60KOl YMUIu3ayuy meniomul 8vixaonuwvix 2azos BMI'TY npeobpasosas ee 6 pabomy 8 ycmanosxe
opeanuueckoeo yukna Penxuna (OL[P), a maxoce ucnonv3oeanue MecmHbvlX KIUMAMUYECKUX Pecypcog Xoa00d.
Yemanoeneno, umo npumenenue oonoasHumenvHou naposoi mypounst 6 cocmage ycmanogku OL[P xomounupoganuoii
BMTI'TY nossonsiem noousme ee sppexmuenuiii KI1/] ¢ oxmabps no mapm ua 1...5 % 6 3asucumocmu om konguzypayuu
basoeoti BMI'TY, umo obecneuusaem npupocm cpedne2o0068020 spghexmuenozo KII[ na 0,5...2 %. Iokasano, umo
yemanoska OLIP na R-134a ne nossonsem noaiHocmvio UCnoib308ams memMnepamypHviil nomenyuan 2a3o08 BMI'TY na
baze cazomypounnoeo dsueamens (I'T/]) npocmoeo yuxna (I1L]), nockonvky memnepamypa pasiodxicenus paboue2o mend
Hudice memnepamypsi 2a306 6azogou BMI'TY, nosmomy sppexmuenviii KI1/] kombunuposanunvix BMI'TY na 6aze I'T/]
1] ¢ ucnonvsosanuem R-134a nuowce ananocuunvix ¢ ucnoib308anuem ammuara Ha 5...6 %.

KaroueBble cioBa: 6axkyymuas Mukpo2azomypOuHHAs YCMAHOBKA, pe2eHepayusi Mmenjiomvl, mypouna
nepepacwupenus, mypoOOKOMNpeccoOpHulil YMuau3amop, opeanuyeckuti yuki Penxuna, oononnumenvhas mypouna,
pabouee meno, KIUMamuyecKuti pecypc xonood.
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A.V.DOLOGLONYAN, D.S. STREBKOV, V.T. MATVIIENKO, I.N. STACENKO

USE OF LOCAL CLIMATE RESOURCES OF COLD IN COMBINED
CYCLES OF VACUUM MICRO-GAS TURBINE PLATS FOR HEAT
AND ELECTRICAL SUPPLY OF LOCAL OBJECTS

Abstract. The subject of consideration in the article are methods of complicating the cycles of vacuum micro-
gas turbine plants (VMGTP) in order to further increase their efficiency. The direction of deeper utilization of the heat
of exhaust gases of VMGTP was chosen, transforming it into work in the organic Rankine cycle (ORC) plant, as well as
the use of local climatic resources of cold. It has been established that the use of an additional steam turbine as part of
the ORC unit of the combined VMGTP allows to increase its efficiency from October to March by 1... 5%, depending on
the configuration of the basic VMGTP, which ensures an increase in the average annual efficiency by 0.5... 2%. It is
shown that the ORC plant on R-134a does not allow full use of the temperature potential of the VMGTP gases based on
a gas turbine engine (GTE) of a simple cycle (SC), since the decomposition temperature of the working fluid is lower than
the temperature of the gases of the base VMGTP, therefore, the efficiency of combined VMGTP based on GTE SC with
the use of R-134a is lower than similar ones with the use of ammonia by 5... 6%.

Keywords: vacuum micro-gas turbine plant, heat recovery, over-expansion turbine, turbocompressor utilizer,
organic Rankine cycle, additional turbine, working fluid, climatic cold resource.
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V.V. LEONTYEV, E.V. KONDRATOVA, V.P. KOLOMIYCHENKO

STRESS-STRAIN STATE OF AN UNLOADED RIVET JOINT OBTAINED
BY THE HOT METHOD

Abstract. A method for creating a rivet connection using hot riveting is considered. A rivet heated to a
temperature of 900 ° Cis placed in a cylindrical hole in the plates at room temperature. When cooled to room temperature,
the rivet is subjected to thermal compression and creates a tight fit. The elastic-plastic contact heat-strength problem for
such a compound in the COMSOL MULTIPHYSICS software package was solved using the finite element method. The
problem is solved in a three-dimensional statement. The first stage is the temperature distribution in the rivet-sheet system.
The resulting temperature field is used as a parameter at the second stage when solving the strength problem. The fields
of residual stresses in the connection parts are obtained. It is shown that the equivalent stresses are close to the ultimate
strength of the material of these parts. The analysis of axial stresses confirms the possibility of creating a tight connection
by hot riveting. Recommendations for calculating the strength of such compounds are given.

Keywords: finite element method, rivet connection, termal-stress contact problem, stress, strain.
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A.B. HEMEHKO, M.M. HUKUTUH

ONITUMM3BALIUA BPEMEHHBIX XAPAKTEPUCTHUK ITPOHECCOB
OUHUITHOU OBPABOTKHA

AnHoOTanus. Paccmompeno naanuposanue npoyecca o0pabomku uzoenus ¢ yeivblo COKpaujeHusi oowezo
BPeMeHU U320MOGIEHUSL U30eTUsl NPU COXPAHEHUU €20 300AHHbIX XAPAKMEPUCTUK.

KawueBble clioBa: Quuuwinas obpabomka, cpedHee epemsi onepayuu, cpeonee 6pems NepeHacmpouKu,
CMayuoHapHwlll KO Guyuenm 20mogHoOCHL.
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A.V. NEMENKO, M.M. NIKITIN

ANALYSIS OF COMPLEX DETAIL
FINISHING TEMPORARY CHARACTERISTICS

Abstract. Estimation of the time characteristics of the process of finishing a complex product is considered: the
average time for an operation and the average time for reconfiguring according to the characteristics of their elements.
For this, the work uses the mathematical apparatus of the theory of reliability. It is shown that the results obtained, based
on the use of distribution functions, tend in the limit to the results of semi-Markov models using average values.

Keywords: finishing, average operation time, average changeover time, stationary availability factor.
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A.B. HEMEHKO, M.M. HUKUTUH

IMPOIHO3HAS OHEHKA TEXHUYECKOI'O COCTOAHUA CJIO)KHOU
MEXAHUYECKOU CUCTEMBI

AHHOTAUMSA. Paccmompeno npocHo3uposanue mexHu4ecko2o0 COCMOsIHUL MEXAHUYECKOU CUCTEMbL C NOMOWbIO
NOUCKA 6 Hell KPUMUYECKUX JJIeMEHMO8 U OYEHKU 8ePOSIMHOCMEN UcXx00068 ux mexunuueckou sxcniryamayuu. Cnoco6
NPUMEHUM KaK 05l NOCNIe008aAMeNbHO-NAPALIENIbHbIX CUCIEM, MAK U Ol 00we20 CyHds COeOUHEHUS JNIeMEHMO8 No
HOIHOMY 2pay, HacmHbIMU CLYYASIMU KOMOPO20 MO2Yn Obimb NPeOCmMAgIeHbl 6C€ OCMALbHbLE CHOCOObL CXeMbl AHANU3A
Haoéxcrocmu.

KaroueBble cI0Ba: Mexauuueckdas cucmema, OQIbHULL NPOSHO3, NPUHSMUE peuleHull, ynpesxcoaroujee
60CCMAHOBLEHUE, OUYECHKA BbIHOCTUBOCTIU.
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FORECAST EVALUATION OF A COMPLEX MECHANICAL SYSTEM
TECHNICAL STATE

Abstract. A method is proposed for estimating of a mechanical system technical state by its element that requires
priority replacement at a selected future point in time, in the case of specifying quantitative indicators of reliability in the
form of a time series. The method is applicable both for serial-parallel systems and for the general case of connecting
elements along a complete graph, the special cases of which can be represented by all other methods of the reliability
analysis scheme. To predict the state of each element, an approximation is used.

Keywords: mechanical system, long-range forecasting, decision making, preemptive recovery, reliability
evaluation.
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E.B. CA®POHOB, A.JI. HOCKO, P.JI. BEJIEHUYVK

TOYHOCTH JINHEHHBIX PASMEPOB
ITPU 'NMBKE JIMCTOBOI'O METAJIJTIA

Annotanusi. Cmamos noceésujena npoobieme obecneyerus MoYHOCMU U320MOBNIeHUS Oemanel U3 JUCHOB020
npoxama mMemooom 00H0Y2n060u 2ubku. Ilokazan npumep UCHOIb306AHUS OOHOV2I080U 2UOKU NPU U32OMOGIEHUU
demanu porukoeo2o kongeepa. IozspewHocmu npu u320moeieHuL NOAGISIOMCL U330 OMKIOHEHUS, MOIUSUHBL TUCIA OM
€20 HOMUHAbHO20 3HayeHus. IIpusedena memoouka onpeoenenuss MAKCUMATbHOU NOSPEUWHOCU TUHEUHbIX PAZMEPOs
2uba 6 3a8UCUMOCTIU OM NPeOelbHO20 OMKIOHEHUS N0 MOAUUHEe JTUCMA, OCHOBAHHASL HA PA3HUYE OJUHbL PA36ePMKU
3020MOBKU NPU HOMUHATILHOM U (PAKMULeCKOM 3HAYEHUSAX moJyunbsl aucma. IIpuseden pacuem noepeuHocmu JuHetiHbIx
pasmepos 2uba Ol XON0OHOKAMAHBIX JUCMO8 HOpMaabHoUu mounocmu BT u copsuekamanvix aucmos o00bIMHOU
mounocmu b wupunoii om 1 0o 1,5 m u moawunoti om 1 0o 15 mm. Ilokasano, wmo mouHoCmb Kaxncoo2o 2uba 0s



XONOOHOKAMAHLIX Aucmos Haxoosmes 6 npederax =+0,18...£0,38mm;  mounocmv  20pAYEeKAMAHHBIX  JUCHIO8
+0,35...+1,32/-0,58mm.

KaroueBble cii0Ba: 00noyenogas 2ubka, IUCMOBAsL UMAMNOBKA, NpedeibHble OMKIOHEHUsT N0 MOTUUHE,
KO2¢hpuyuenm nonodicenus HeUmpaibHOU JUHUY, HOZPEUHOCTb 2UOKUL.
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E.V. SAFRONOV, A.L. NOSKO, R.L. BELENCHUK

ACCURACY OF LINEAR DIMENSIONS IN SHEET METAL BENDING

Abstract. The article is devoted to the problem of ensuring the accuracy of manufacturing parts by sheet metal
V-bending. An example of using bending in the manufacture of a roller conveyor part is shown. Manufacturing inaccuracy
occur due to the deviation of the sheet thickness from its nominal value. A method for determining the maximum
inaccuracy of the linear dimensions of the bend depending on the maximum deviation in the thickness of the sheet, based
on the difference in the length of the plain workpiece at the nominal and actual values of the sheet thickness, is given. The
calculation of the inaccuracy of linear bending dimensions for cold-rolled sheets of normal accuracy BT and hot-rolled
sheets of normal accuracy B with a width of 1 to 1.5 m and a thickness of 1 to 15 mm is given. It is shown that the accuracy
of each bend for cold-rolled sheets is within £0.18...+£0.38 mm; the accuracy of hot-rolled sheets is £0.35...+1.32/-0.58
mm.

Keywords: V-bending, sheet metal, sheet thickness, K-factor, bend accuracy.
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A.M. KOJIOCOBCKUI, E.b. TPUCTAHOBA, E.®. YEPKAIIIMHA

AHAJIN3 COBPEMEHHBbIX JIABEPHBIX METOJOB YIIPOYHEHU
JAETAJIEN MAIINH U THCTPYMEHTA

AHHOTAUMA. B cmamve npeonodicen auanu3 pazeumusi JA3EPHLIX U KOMOUHUDOBAHHBIX HA OCHOBE
UCNONIb308AHUS JIA3EPHO20 U3LYUEHUs Memo008 VNPOUHEHUs OMBENCMBEHHbIX Oemanell MAuluH U UHCIPYMeHmd.
Tokazano, umo axkmyanvbhblM U MHO2000eWAIOWUM HANPAGIEHUEM 6 cepe NOBbIUEHUS IKCHLYAMAYUOHHbIX
Xapaxmepucmux KOHMAKMHbIX NOBEPXHOCTNHLIX ClI0e8 Oemaeli MAUUH, CO30aHUS 8bICOKOIPDEKMUBHBIX NOKPLIMULL
(Kak u mexHono2ull UX HAHeCeHUs) C BbICOKUMU PUIUKO-MEXAHUYECKUMU CBOUCNBAMU OMEEemCmMEeHHbIX Oemaell
A671AeMCA KOMOUHUPOBAHUE J1A3ePHO20 UBIYUEeHUA U OpYeUX Nnepeodosblx MeXHOA0SUUEeCKUX Memooos Gopmuposanus
KOHMAKMHBIX NOBEpXHOCMel Oemanel MAwluH U UHCIPYMEeHmda C VHUKATbHbIMU QUIUKO-MEXAHUYEeCKUMU U
IKCHIYAMAYUOHHBIMU CBOUCTNBAMUL.

KawueBble ciaoBa: demanu MawiuH, UHCMPYMeHM, HOKpblMue, YNPOUHEeHUe, NOBEePXHOCHb, NPUCAOOUHble
Mamepuansl, MOOUDUYUPOBAHUe, TA3EPHAS HANLABKA, KOMOUHUD O8AHHbIE MEMOObL.
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A.M. KOLOSOVSKIY, E.B. TRISTANOVA, E.F. CHERKASHINA

THE MODERN LASER METHODS OF MACHINE AND TOOL PARTS
HARDENING ANALYSIS

Abstract. The article offers a retrospective analysis of the development of laser and combined lasers based on
the use of laser radiation methods of hardening the responsible parts of machines and tools. It is shown that the
combination of laser radiation and other advanced technological methods creates contact surface layers of machine with
unique physical-mechanical and operational properties forming is the current and promising direction in an improving
technologies for their application with high physical and mechanical properties of responsible parts.

Keywords: machine parts, tool, coating, hardening, surface, additive materials, modification, laser surfacing,
combined methods.
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PACYET 3BHAYNMOCTHU HEPEMEHHBIX ®AKTOPOB
MATEMATHUYECKOHN MOJEJIN OTKJIOHEHU S
OT INIOCKOCTHOCTH ITPU TOPIIEBOM ®PE3EPOBAHUH
BBICOKOYTJIEPOJIUCTOM 3AKAJIEHHOHN CTAJIN
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AnHoTauus. Ha npeonpusmuu npogedensvi meopemuyeckue U IKCnepuUMeHmanbHvle Uccie006anus mopyeeo2o
@pezeposanus 3aKaNEHHOU CMATU MemoOoM NiaHuposanus sxcnepumenma. OOHOU U3 3a0ay AGIANOCL OnpedeneHue
OMKNIOHEHUs. O NAOCKOCIMHOCIMU 06pabomantol nogepxHocmu oopa3syos u nocmpoenue 2papuros u nosepxHocmeri
@ynkyuu mamemamuyeckou mooenu. [na ucnvimanuil 3a0elicmeosansvl @dpeseprviii CMAHOK U USMEPUmenbHoe
000pyoosane NOBbIUEHHOU MOYHOCIU, A MAKJCe PeXCYWull UHCTPYMeHm ¢ NAacmunamy u3 meépoozo cniaea. B
pe3ynomame NpoGeOEH NOAMbIL (YAKMOPHLIL IKCHEPUMEHM, a 8 Kauecmee He3a6UCUMbBIX NepeMEHHBIX NPUMAMbL.
cKopocmb pe3anus, nooaua Ha 3y6 u enybuna pesanus. Ilpu onpedenenuu Ko3QGuyuenmos nosuHOMUAIbHO20 YPAGHEHUS
UCNONB308AH YEHMPATbHLINL KOMNO3UYUOHHBIN OPMOSOHANbHBIN NAaH 6mopoco nopsoka. C nomowvio npozpamm
Microsoft Excel, Wolfram Alpha u Statistica esinoanen pecpeccuonnviii ananus u HatideHa MamemMamuieckas mMooes
OMKNIOHEHUsL Om NAOCKOCMHOCMU, a pe3yabmamsl pacuémos 3amecenvl 6 umozosylo mabauyy. Ha ochoge
mamemamuueckoi modenu, 6 npozpammax Microsoft Excel u Mathcad, nocmpoenvt epagpuxu u cunepnosepxnocmu
DYHKYUU NPU PASTUYHBIX 83AUMOOCICIBUAX NepemenHbiX. Paccuumansl sHauumbvle nepemeHHble npu 00HOPAKMOPHOM U
08YXAKMOPHOM GIUAHUU HA DYHKYUIO OMKIUKA.

KiloueBble ciloBa: mopyesoe ¢ppeseposanue, 3aKAIEHHAA CMANb, MEEPObIIL CHAAS, OMKIOHEHUe Om
NAOCKOCMHOCIUY, NAAHUPOBANUE IKCNEepUMEHmMA, QYHKYUA OMKIUKA, He3asUcumble nepementvle, NoaHbvlil paKmopHbwii
IKCNEePUMEHIN, pecpecCUOHHbI AHATU3, MAMEMAMUYECKAs MOOeb, 2paPuK GYHKYUU, 2UNepno8epXHOCb.
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V.F. MAKAROV, I.N. SEDININ

CALCULATION OF THE VARIABILITY OF THE VARIABLE FACTORS
OF THE MATHEMATICAL MODEL OF FLATNESS DEVIATION IN FACE
MILLING OF HIGH-CARBON HARDENED STEEL

Abstract. The enterprise carried out theoretical and experimental studies of face milling of hardened steel by
the method of experiment planning. One of the tasks was to determine the deviation from the flatness of the processed
surface of the samples and the construction of graphs and surfaces of the function of the mathematical model. For the
tests, a milling machine and measuring equipment of increased accuracy, as well as a cutting tool with carbide plates,
were used. As a result, a full factorial experiment was carried out, as independent variables were taken: cutting speed,
feed per tooth and depth of cut. When determining the coefficients of the polynomial equation, a central compositional
orthogonal design of the second order was used. Regression analysis was performed using Microsoft Excel, Wolfram
Alpha and Statistica programs and a mathematical model of deviation from flatness was found, and the results of
calculations were entered into the final table. On the basis of a mathematical model, in Microsoft Excel and Mathcad
programs, graphs and hypersurfaces of a function are built for various interactions of variables. Significant variables
were calculated for one-factorial and two-factorial influence on the response function.

Keywords: face milling, hardened steel, hard alloy, deviation from flatness, experiment planning, response
functions, independent variables, full factorial experiment, regression analysis, mathematical model, function graph,
hypersurface.
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IT1.1. PBDKEHKO, P.H. IIOJISIKOB

MATEMATHYECKOE MOIEJIMPOBAHUE BETPAHOI'O KOJIECA
C AJAITUBHO UBMEHAEMbBIM MOMEHTOM UHEPIIUN

AHHOTAUMS. B cmambe paccmampugaemes MamemMamuieckas Mooeib 6empsaH020 Koaecd, paspabomantas Ois
npogederUs KAuyeCmEeHHbIX UCCAeO008AHUNl OUHAMUKU BDAUeHUS BEMPSAHO20 KOlecd ¢ aO0anmueHO UMEHIeMbIM
momernmom unepyuu (AUMH). Jlonacmu eéempsano2o Koneca OCHAueHbl 6HYMPEHHUMU 2PY3aAMU, USMEHSIOUUMU UHEPYUID
sempsH020 Koneca. MHepyus smoil cucmemul camopezyiupyemcs, UsmeHeHueM NoI0NCEHUs 2PY308, m.e. OMm YeHmpa ocu
eépawjenusi Kk HakoHeunuxy nonacmeti. Cocmasnena cucmema ypagHeHuu epauwjeHusi eempaunoco koaeca ¢ AUMU.
Mooenuposanue pasziuunelX cyeHapues OeMoHCmpupyem pabomy camopezyaupyemotl cucmemsl. Paspabomannas
aoanmuenas cucmema nosvluiaem 3uepeodpgexmusnocms semposnekmpuieckou yemanosku (BOY) na 10-20%, 3a
cuem KOMNeHCcAyuu nomepsv KUHeMU4ecKol dHepauu eempda, nymem USMEHeHUs UHepYuu 8empsHO20 Kolecd U e20
CHOCOOHOCU MUHUMUUPOBAINL KOJIEDAHUSA MOWHOCMU, a MAKice pabomamy 6 pexcume Maxo8uxd.

Ki1roueBble c10Ba: 60300H0615eMas IHEP2EMUKA, MAMEMAMUYECKASI MOOelb, 8eMPAHOE KOAeCO, A0anmueHblli
MOMeHmM UHepYull, pe2yiuposKa MOUHOCL.
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P.l. RYZHENKO, R.N. POLYAKOV

WIND WHEEL MATHEMATICAL MODELING
WITH ADAPTIVELY VARIABLE MOMENT OF INERTIA

Abstract. The article discusses a mathematical model of a wind wheel, developed to conduct qualitative research
on the dynamics of rotation of a wind wheel with an adaptively variable moment of inertia (AVMI). The blades of the
wind wheel are equipped with internal weights that change the inertia of the wind wheel. The inertia of this system self-
regulates by changing the position of the weights, i.e. from the center of the axis of rotation to the tip of the blades. The
system of equations of the AVMI system has been compiled. Simulation of various scenarios demonstrates how this self-
regulating system works. The developed adaptive system of the wind wheel increases the energy efficiency of the wind
power plant (WPP) by 10-20%, by compensating for the losses of kinetic energy of the wind, by changing the inertia of
the wind wheel and its ability to minimize power fluctuations, and also operate in the flywheel mode.

Keywords: renewable energy, mathematical model, wind wheel, adaptive moment of inertia, power regulation.
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A.C. PETUCOB

MATHUTOPEOJIOI'HMYECKASI OIIOPA CKOJIb’KEHUS: PE3YJIbTATDI
IKCIIEPUMEHTAJIBHBIX UCCJIEJOBAHNU

AHHOTanus. B cmamve npedcmasienvl pe3yibmamaol IKCNEPUMEHMATbHBIX UCCIE008AHUTL BIUAHUS MOUWHOCIU
MOKA HA 91eKMPOMAZHUMHOM aKmMyamope MAazHUmopeonio2uiecko20 NOOUUNHUKA CKOJbICEHUS HA AMAIUMYOHO-
yacmomusie XapaKmepucmuKku pomopHou cucmemsl. IIpedcmasneno onucamue 3KCNEPUMEHMANbHO2O CHEHOA.
IIpedcmasneno onucanue UHGOPMAYUOHHO-USMEPUMETLHOU CUCHIEMbI.

KaloueBble  cinoBa:  Macnumopeonozuueckuti  CMA30UHbIL — MAMepuan, — aMAaIumyo0-4acmomuas
Xapaxmepucmukd, IKCHepumMeHmatbHoe Ucciedo8anue, ubponepemewenus, 6UdPOYCKopeHus..

Hccneoosanue evinonineno npu unancoeoi noooepicke PODH ¢ pamkax nayunozo npoexma Ne 19-38-

90259 «Hccnedoganue Ounamuku pomopoé HA NOOWUNHUKAX CKOJbICEHUA NPU CMA3Ke PEOMAZHUHIHLIMU
HCUOKOCAMUY
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A.S. FETISOV

MAGNETORHEOLOGICAL JOURNAL BEARING: EXPERIMENTAL
STUDY RESULTS

Abstract. The article presents the results of experimental studies of the effect of current power on an
electromagnetic actuator of a magnetorheological journal bearing on the amplitude-frequency characteristics of the rotor
system. The description of the experimental stand is presented. The description of the information-measuring system is
presented.

Keywords: Magnetorheological lubricant, amplitude-frequency response, experimental study, vibration
displacement, vibration acceleration.

BIBLIOGRAPHY

1. Savin, L.A. Modelirovaniye rotornykh sistem s oporami zhidkostnogo treniya: monografiya / Savin L.A.,
Solomin O.V. — M.: Mashinostroyeniye-1, 2006. — 444 s.

2. Harnoy, A Bearing design in machinery: engineering tribology and lubrication / Harnoy, A. - New York,
Marcel Dekker, Inc, 2003.

3. Braun, ED Modern Tribology: Results and Prospects / Braun, ED, Buyanovskiy 1A, Voronin NA. - Moscow,
LKI, 2008.

4. Tipei, N Theory of lubrication with ferrofluids: application to short bearings / Tipei N // Journal of lubrication.
—1982. — Nel04(4). —S. 510 — 515.



KOHTpOJ’lb, AUArHOCTUKA, HCNIBITAHUA U YIIPABJICHUE KAY€CTBOM

5. Claracq, J properties of magnetorheological fluids / Claracq J, Sarrazin J, Montfort JP // Rheologica Acta. —
2004. — Ne 43. — S.38-49.

6. Omidbeygi, F Experimental study and CFD simulation of rotational eccentric cylinder in a magnetorheological
fluid/ Omidbeygi F, Hashemabadi SH // Journal of Magnetism and Magnetic Materials. —2012. - Ne 324. — S. 2062-20609.

7. Dimitrios, AB Journal Bearing Stiffness and Damping Coefficients Using Nanomagnetorheological Fluids
and Stability Analysis/ Dimitrios AB, Pantelis GN// Journal of Tribology. — 2014. - Ne 136(4). - 9 s.

8. Urreta, H (2009) Hydrodynamic bearing lubricated with magnetic fluids / Urreta H, Leicht Z, Sanchez A,
Agirre A, Kuzhir P, Magnac G // Journal of Physics: Conference Series. — 2009. -Ne 149. - 5 s.

9. Rao, BN Analysis of Magneto Rheological Fluid Journal Bearing/ Rao BN //Applied Mechanics and Materials.
—2019. —Ne 895. — S.152-157.

10. Laukiavich, CA A comparison between theperformance of ferro- and magnetorheological fluids in a
hydrodynamic bearing / Laukiavich CA, Braun MJ, Chandy AJ // Journal of engineering tribology. Proc. IMechE. — 2014,
- Ne 228(6). - S.649-666.

11. Wang, QJ Encyclopedia of tribology / Wang QJ, Chung YH. - New York, Springer Science Business Media, 2013.

12. Lebeck, A Parallel sliding load support in the mixed friction regime / Lebeck, A // Journal of Tribology,
1987. - Ne 109(2). — S. 196-205.

13. Meng, Xi On the effect of viscosity wedge in micro-textured parallel surfaces / Meng Xi, Khonsari MM
/[Tribol. Int. — 2017. - Nel0. - S.116 — 124,

14. Fogg, A Fluid film lubrication of parallel surface thrust bearings/ Fogg, A // Proc.Inst. Mech.Eng. — 1946. -
Ne 155. — S.49-67.

15. Cope, WE The hydrodynamical theory of film lubrication Cope WE // Proc,Roy.Soc.London. — 1949. - Ne
197(1049). — S.201-217.

16. Nikolajsen, JL Viscosity and Density Models for Aerated Oil in Fluid-Film Bearings / Nikolajsen JL //
Tribology Transactions. — 1999. - Ne 42(1). — S.186-191.

17. Kicinski, J Effect of the aeration of a lubricating oil film and its space- and time-related compression on the
static and dynamic characteristics of journal bearings / Kicinski J// Wear. — 1983. - Ne91(1). — S.65-87.

18. Savin, L Effect of lubrication of fluid friction bearings with media of complex rheology / Savin L, Kornaev
A, Kornaeva E // Applied mechanics and materials. — 2014. - Ne 630. — S.199 — 208.

19. Kornaev, AV Theoretical premises of thermal wedge effect in fluid-film bearings supplied with a non-
homogeneous lubricant/ Kornaev AV, Savin LA, Kornaeva EP // International Journal of Mechanics. —2017. - Ne 11. —
S.197-203.

20. Fetisov, AS Experimental assembly for research of effects of temperature wedge / Fetisov AS, Kornayeva
EP, Kornaev AV, Kazakov YuN // zsectus Tynl'Y. — 2019. - Ne 12. — S.320-323

Fetisov Alexander Sergeevich

Orel State University,

Trainee-researcher RL "Modeling of hydromechanical systems"
E-mail: fetisov57rus@mail.ru

YK 612.15 DOI: 10.33979/2073-7408-2021-345-1-83-95

E.Il. KOPHAEBA, A.B. KOPHAEB, U.H. CTEBAKOB, C.T". [IOIIOB,
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KOHIENINUA MEXATPOHHOM YCTAHOBKHM JIJIS1 UCCJEJOBAHUS
PEOJIOTMYECKHUX CBOUCTB ®U3UOJOI' MYECKUX )KUJTKOCTEH

AnHotauus. Cgoticmea @u3auonocueckux dHcuoKocmeltl, npedicoe 6ce20 Kposu, CO0epIUCAm  BAANCHYIO
unpopmayuio 0 cocmosHuu opeanusmd. B Oannoii cmamve paccmampusaromcesi 8onpocvl pazpabomku HOB020
HOPMAMUEHO20 YCMPOUCMEd UHEPYUOHHO20 MUNA OISl UBMEPEHUsl 63KOCmu usuonocuneckux scuokocmeti. Ha
OCHOBAHUU ~AHANU3A MAMEMAMUYECKUX U UMUMAYUOHHLIX MOOeNell MeYeHUull 6s3KUX Ccped 6 KANuwuispax
chopmynuposanvl pexomendayuu no 6blO0PY KOHCIMPYKMUBHBIX NAPAMEMPO8 GUCKOZUMEMPA U DPENCUMO8 €20
@yukyuonuposarus. Odpabomrka OAHHBIX NA3EPHOU CHEKA-KOHMPACMHOU SU3YATU3AYUU MEYeHUs. UHMPATUnuod 6
VCIOBUSIX, NPUOIUNCEHHBIX K YCIOBUAM USMEPEHUsl GSA3KOCMU KpPOBU, NOKA3ANA BO3MONCHOCHb NPUMEHEHUS.
0aHH020 Memoda Oist onpedeieHusi NPpoPuisi ckopocmu no moawune kanaia. Ilonyuennvie pesyiomamvl co30aiu
docmamounvie OCHO8AHUsL Ol NPOCKMUPOBAHUS. MEXAMPOHHOU YCMAHOBKU U ee UHMOPMAYUOHO-UMEPUMETbHOU
cucmemol.

KaroueBble ci0Ba: kposeb, 2UOPOOUHAMUKA, PEONO2Us, MAMEMAMULECKoe MOOeIUpOBanUe, YUCIEHHble
Memoobl, 1a3epHasi CNeKI-KOHMPACTHAS 6U3VATU3AYUSL.

Paboma noozomosnena 6 pamkax evinonnenus npoexkma PH® Ne20-79-00332 «Mamemamuueckue mooenu

U UHCIMPYMEHMANbHblE CPEOCHEA AHANU3A CEOUCME (U3UO0I0ZUYECKUX dcUOKOCHmely. ABMOpblL 6bIPAdNCAIOm
onazooapuocmu (onody 3a OKA3AHHYIO NOOOEPICKY.
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E.P. KORNAEVA, A\V. KORNAEV, I.N. STEBAKOV, S.G. POPQV,
D.D. STAVTSEV, V.V. DREMIN

CONCEPT OF A MECHATRONIC INSTALLATION FOR RESEARCHING
THE RHEOLOGICAL PROPERTIES OF PHYSIOLOGICAL FLUIDS

Abstract. The properties of physiological fluids, blood primarily, contain important information about the state
of a body. This article deals with the development of a new portable device of inertial viscometer for the physiological
fluids. Based on the analysis of mathematical and simulation models of viscous media flows in capillaries,
recommendations for the choice of design parameters are formulated. Processing the data of a video capillaroscopy for
the intralipid flow under conditions close to the conditions for measuring blood viscosity showed the possibility of using
the laser speckle contrast imaging method to determine the velocity profile over the channel thickness. The results
obtained have created sufficient grounds for the design of a mechatronic test rig and its information-measuring system.

Keywords: blood, hydrodynamics, rheology, mathematical modeling, numerical methods, laser speckle contrast
imaging.

BIBLIOGRAPHY

1. Xu J. Phase-field model of vascular tumor growth: Three-dimensional geometry of the vascular network and
integration with imaging data / J. Xu, G. Vilanova, H. Gomez // Comput. Methods Appl. Mech. Engrg. - Vol. 359. — 2020.
-P.1-109.

2. Semenov A. N. Applying Methods of Diffuse Light Scattering and Optical Trapping for Assessing Blood
Rheological Parameters: Erythrocytes Aggregation in Diabetes Mellitus / Semenov A. N., Lugovtsov A. E., Lee K.,
Fabrichnova A. A., Kovaleva Yu. A., Priezzhev A. V. // I1zv. Saratov Univ. (N.S.), Ser. Physics. — 2017. - Vol. 17. - Iss.
2. - P. 85-97 (in Russian). DOI: 10.18500/1817-3020-2017-17-2-85-97.

3. Yeow N. Atomic force microscopy: From red blood cells to immunohaematology / N. Yeow, R. Tabor, G.
Garnier //  Advances in Colloid and Interface Science. - 2017. Vol. 249. - P. 149-162.
http://dx.doi.org/10.1016/j.cis.2017.05.011

4. Ya A., Malkin A., Isayev I. Rheology: Concepts, Methods, and Applications. — 2013. - 528p.

5. Harris M. J. Dissecting cellular mechanics: Implications for aging, cancer, and immunity / M. J. Harris, D.
Wirtz, P. Wu // Seminars in Cell & Developmental Biology. - 2018. - P. 1 - 10.
https://doi.org/10.1016/j.semcdb.2018.10.008

6. Stavtsev D.D. Joint application of optical methods for the study of microhemodynamic parameters in
rheumatic diseases / D.D. Stavtsev, M.V. Volkov, N.B. Margaryants, A.V. Potemkin, V.V. Dryomin et al. // Fundamental
and applied problems of engineering and technology. - 2019. - No. 3. - P. 102 — 110 (in Russian).

7. Potapova E.V. Potapova E.V., Seregina E.S., Dryomin V.V., Stavtsev D.D., Kozlov 1.O. // Quantum
Electronics. - 2020. No. 1. P. 33-40 (in Russian).

8. Kornaeva, E. Theoretical premises of a vibro-inertial method of viscosity measurement / E. Kornaeva, A.
Kornaev, L. Savin, A. Galichev, A. Babin // Vibroengineering Procedia. — 2016. — Vol. 8. — Pp. 440 — 445.

9. Encyclopedia of tribology / Q.J. Wang, Y.-H. Chung (Eds.). — New York: Springer Science & Business Media,
2013. - 4192 p.

10. Kucheryaev, BV Continuum Mechanics (Theoretical Foundations of Composite Metals Pressure Treatment):
a textbook for universities / BV. Kucheryaev. M.: MISIS, 2000.—320p (in Russian).

11. Yamamoto H. Measurement of human blood viscosity a using Falling Needle Rheometer and the correlation
to the Modified Herschel-Bulkley model equation / H. Yamamoto, T. Yabuta, Y. Negi, D. Horikawa, K. Kawamura //
Heliyon. — 2020. — Vol. 6. https://doi.org/10.1016/j.heliyon.2020.e04792

12. https://www.mathworks.com/help/matlab/help-and-support.html

13. Milne-Thomson, L.M. Theoretical hydrodynamics / L.M. Milne-Thomson. - Fours edition. - London:
Macmilan and Co LTD, 1960. — 660 p.

14. Hori Y. Hydrodynamic lubrication. - Yokendo Ltd, Tokyo. Springer Science & Business Mediaro - 2006. —
231p.


http://oreluniver.ru/edustruc/chair/34
http://oreluniver.ru/edustruc/chair/34
http://dx.doi.org/10.1016/j.cis.2017.05.011
https://doi.org/10.1016/j.semcdb.2018.10.008

15. Slezkin N.A. Dynamics of a viscous incompressible fluid. - M.: State publishing house of technical and

theoretical literature. - 1955. - 521 p. (in Russian).

16. Korn, G. A. and Korn, T. M. Mathematical Handbook for Scientists and Engineers. New York: McGraw-

Hill, 1968. — 277p.

17. Patankar, S.V. Numerical heat transfer and fluid flow / S.V. Patankar. — New York: Hemisphere Publishing

Corporation, 1980. — 148 p.

Kornaeva Elena Petrovna

Orel State University named after I.S. Turgenev
candidate of physical and mathematical sciences, docent
of the department of information systems

302020, Orel, Naugorskoe shosse, 40

Ten.: +7 (4862) 41-98-49

E-mail: lenoks box@mail.ru

Stebakov Ivan Nikolaevich

Orel State University named after I.S. Turgenev, Orel
Student, trainee researcher of Scientific Educational
Center Intelligent technologies for monitoring and
diagnostics of power generating equipment

302020, Orel, Naugorskoe Shosse, 29

Ph. 8 953 618 08—66

E—mail: chester50796@yandex.ru

Stavtsev Dmitry Dmitrievich

Orel State University named after I.S. Turgenev, Orel
Assistant of the Department of Instrumentation,
Metrology and Certification

302020, Orel, Naugorskoe Shosse, 29

Ph.: +7-953-611-80-23

E-mail: stavtsev.dmitry@gmail.com

VJIK 621.7.01

Kornaev Alexey Valerievich

Orel State University named after I.S. Turgenev

doctor of technical sciences, senior researcher of the
Modeling of Hydro and Mechanical Systems Research
Laboratory

302020, Orel, Naugorskoe shosse, 29

Ten.: +7 (4862) 41-98-49

E-mail: rusakor@inbox.ru

Popov Sergey Gennadevich

Orel State University named after 1.S. Turgenev, Orel
Graduate student, Junior Researcher of Scientific
Educational Center Intelligent technologies for
monitoring and diagnostics of power generating
equipment

302020, Orel, Naugorskoe Shosse, 29

Ph. 8 906 568 65-01

E—mail: hvunt32@gmail.com

Dremin Viktor Vladimirovich

Orel State University named after 1.S. Turgenev, Orel
Ph.D., researcher of Research and Development Center of
Biomedical Photonics

302020, Orel, Naugorskoe Shosse, 29

Ph.: +7-953-612-77-13

E-mail: dremin_viktor@mail.ru

DOI: 10.33979/2073-7408-2021-345-1-96-101

E.H. ITPAAYHOBA, A.10. POJUYEB, M.A. TOKMAKOBA

OLHEHKA KAYECTBA INIEHOYHOI'O AHTU®PUKIIMOHHOI'O
MNOKPBITHUS ITPU IOMOIIU PETPECCUOHHOMN MOJIEJIN

AHHOTAUMA. B cmamve npedcmasnenvt pe3yromamvl 00paOOMKU IKCHEPUMEHMATbHLIX UCCAe008AHUL
Kayecmea NieHOYH020 AHMUGPUKYUOHHO20 NOKPbIMUS HAHOCUMO20 HA NOOWUNHUK CKObdceHus. [lokazana cxema
O0elCmayIouux CUl Ha Yacmuyy nIeHOYHO20 NPU HaHeCeHUU AHMUGPUKYUOHHO020 nokpbimus. Onucan memoo 06pabomku
IKCNEPUMEHMANLHBIX OAHHBIX, OCHOBAHMDLI HA PecPeCcCUOHHOM aHaau3e. Bulsignenbl HeCKOIbKO He3A8UCUMBIX PaKmopos
GIUSIOWUX HA KAYECMBO NIACHOYHO20 AHMUPPUKYUOHHO20 ROKpblmus. J[aHbl pekoMeHOayuu no payuoHaIbHOMY
UBMEHEHUIO PACCMOSIHUSL OM CONLA 00 NOBEPXHOCMU OeMAu, Y2ild HANbLIEHUS. U CKOPOCIU 8PAUEHUsI OeMmalu 6IUSLGUIUX,
Ha cyenyieHust NIeHOYHO20 AHMUQPUKYUOHHO20 NOKPLIMUSL C 00pabamvléaemol 0emaibio.

KawueBble cioBa: kauecmeo, cyenjiexue, NICHOYHOE AHMUDPUKYUOHHOE NOKpblmue, NOJIHOPAKMOpbIl
IKCHepuMenm, OUCHePCUsl, PecPeCcCUOHHbLI AHAU3.
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E.N. GRYADUNOVA, A.Yu. RODICHEV, M.A. TOKMAKOVA

ESTIMATION OF THE QUALITY OF FILM ANTIFRICTION COATING
USING A REGRESSION MODEL

Abstract. The article presents the results of processing experimental studies of the quality of a film antifriction
coating applied to a sliding bearing. A diagram of the forces acting on a film particle during the application of an
antifriction coating is shown. A method for processing experimental data based on regression analysis is described.
Several independent factors have been identified that affect the quality of the film antifriction coating. Recommendations
are given for the rational change of the distance from the nozzle to the surface of the part, the angle of spraying and the
rotation speed of the part that influenced the adhesion of the film antifriction coating to the workpiece.

Keywords: quality, adhesion, film antifriction coating, full-factor experiment, variance, regression analysis.
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A.B.T'OPUH, N.I'. YCUKOBA, H.B. TOKMAKOB, 1.B. POINYEBA

JIUATHOCTHUKA ®POHTAJIBHBIX KOHCTPYKIIUI HA OCHOBE
MEXATPOHHBIX CUCTEM

AHHOTamMsl. B cmamve paccmompeno npumeHeHue MexampoHHOU Ccucmemvl KOHMPONA U OUASHOCHUKU
@poumanvhvix Koncmpykyuti 30anuil. Ilpedcmasnena cmpykmypHo-@QyHKYUOHATbHASL CXeMA MeXAMPOHHOU CUCTEMbL
KOHMPOAS, U OUASHOCMUKYU PPOHMATLHOU KOHCmMpYyKyuy. Paccmompen pacuem snemenma ppoumanbHou KOHCIMPYKYUU,
OCHOBAHHBIN HA Memooe KOHeUHbIX 2neMeHmos. IIpedcmaesienvl pe3yibmamsl meopemuieckozo paciéma meniogo2o
noOmoKa @PpoHmanvHou KoHcmpykyuu. Jlanvl pexomeHOayuu no NPUMEHEHUI0 MemoOd KOHEYHbIX I1eMeHmos O
pacuema GpoHmManrLHLIX KOHCMPYKYULL RO PATUYHBIM NAPAMEMPAM.

KiroueBble ciaoBa: cucmema OUAeHOCMUKU, MeXAMPOHUKA, (DpOHMANbHbIE KOHCMPYKYUU, CMPYKMYPHAS
cxema, Memoo KOHeYHbIX 2eMEHMOE, MEeNi060U NOMOK.
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A.V. GORIN, I.G. USIKOVA, N.V. TOKMAKOV, I.V. RODICHEVA

DIAGNOSTICS OF FRONTAL STRUCTURES BASED ON MECHATRONIC
SYSTEMS

Abstract. The article considers the use of a mechatronic system for monitoring and diagnostics of frontal
structures of buildings. Structural and functional diagram of the mechatronic control and diagnostics system of the frontal
structure is presented. Calculation of frontal structure element based on finite element method is considered. The results
of the theoretical calculation of the thermal flow of the frontal structure are presented. Recommendations are given on
the use of the finite element method for calculating frontal structures according to various parameters.

Keywords: diagnostic system, mechatronics, frontal structures, structural diagram, finite element method, heat
flow.
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A.A. XBOCTOB, A.A. )KXYPABIIEB, E.A. TATAPEHKOB, O.A. TKAYEB

AJIT'OPUTM OITUMU3ALINU TAPAMETPOB HE®TEITPOBO/10B
IHPU TIPOEKTUPOBAHUU OBOPYJIOBAHUA
HE®TEXUMHWYECKOMW NPOMBIIIJIEHHOCTH

AHHOTanmsl. Paccmompena nOCmMamoska U aHAIUMUYECKOe peuienue 3a0adi MeXHUKO-9KOHOMUYECKOU
onmuMu3ayuY napamempos mpyoonpogooda Oas MpaHCROPMUpoO8aHUs HehmenpoOyKmos, NpOAGIAIOWUX AHOMATUIO
ss3K0CmuU. B Kauecmee Kpumepus onmumanbHOCMU NPeONoNCeHbl CyMMAapHvle 20008ble 3ampamvl Ol CO30aHUsL U
IKCnIyamayuy mpyoonpoeooa, Ymo no3eosaem yuecms mexyujue yervl U mapu@uvl Ha mpybonpogoo u 31eKmpoIHep2uio,
mMonono2uio  mpyoonpogoodd, 6peMeHHbvle YCIO08UA €20 OSKCHIYAMmAayuu, a MaKdice aHOMANbHO-653KUe CGOUCTEA
mparcnopmupyemoul cpedvi. Mcxo0s u3 ycaosuss MUHUMUZAYUU KPUMEPUS. ONIMUMATbHOCIU AHATUMUYECKU NOLYYeHbl
pacuemmvle COOMHOULEHUS Ol ONPedeieHlUst ONMUMALLHO20 OUuaMempa mpyoonpoeooa u 0asieHus, Heobxooumozo 0is
MPAHCHOPMUPOBAHUS HeDMENPOOYKIMOE 8 IAMUHAPHOM, YCMAHOBUSUEMC, USOMEPMULECKOM DENCUME.

KuroueBble ¢j10Ba: mpyo6onpoeoo, peoiocuieckoe ypasgHenue, CmeneHuas icuokocmo, ypasuenue Ocmeanvoa-
He Buas, anomanus 6a3koCcmu, MexHUKO-IKOHOMUYECKAs ONMuMU3ayus, Kpumepuil ONmMuMu3ayuy, 2uopasiuieckull
pacuem.
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A.A. KHVOSTOV, A.A. ZHURAVLEV, E.A. TATARENKOV, O.A. TKACHEV

ALGORITHM FOR OPTIMIZING THE PARAMETERS OF OIL PIPELINES
WHEN DESIGNING PETROCHEMICAL INDUSTRY EQUIPMENT

Abstract. The problem of technical and economic optimization of pipeline parameters for transportation of
petroleum products exhibiting a viscosity anomaly is considered. The relations for determination of optimal pipeline
diameter and pressure, providing pumping of the medium in the laminar, steady, isothermal regime on the pipeline from
the condition of minimizing the total annual cost of its development and operation based on current prices and tariffs for
the pipeline and energy topology of the pipeline, its working conditions, as well as anomalies of the viscosity of the
transported medium.

Keywords: pipeline, rheological equation, power fluid, Ostwald-De Ville equation, viscosity anomaly, technical
and economic optimization, optimization criterion, hydraulic calculation.
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A.B. KOPHAEB, E.Il. KOPHAEBA, 10.H. KA3AKOB, A.}O. bBAGH

YIIPABJIEHUE TEMIIEPATYPHO-BA3KOCTHbBIM KJIIMHOM



KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

B NOAIHUITHUKE )KNJIKOCTHOI'O TPEHUA HA OCHOBE
AJITOPUTMA I IYBOKOI'O OBYYEHMHSA C IOAKPEIIVIEHUEM

AHHOTANMS. B 0anHOU pabome paccMOmMpeHa 803MONCHOCHb NPUMEHEHUST UHMELIeKMYAIbHbIX CUCeM HA
0CHOGe 00YUeHUs ¢ NOOKPeNIeHUeM U 2IYOOKUX HEUPOHHBIX cemell sl YAPAGLeHUs. CUCIEMOU CMA3KU MEXAMPOHHO20
ROOWUNHUKA dHcudKocmno2o mpenust. Obyuenue azenma cucmemvl YNpAagaeHus NPou3go0UloC HA UMUMAYUOHHOU
MOOeNU POMOPHOU MAWUHbBL, Yeabio 00yuenuss GblI0 CHUJCEHUe NOMEPb SHepeul HA MPEHUe U CHUNCCHUE YPOBHS.
suUOpayuli 6 YCIOBUAX CAYHAUHO2O GHEUHE20 CUN0B020 B030CliCMEUs NEPUOOUHECKO20 XAPAKMepd CO CAYHAUHOU
yacmomotui. BozmoscHocms nepexniouenust pexcumamis No380UAA CHUZUMb He2AMUBHOe OelCMaue A8ACHUS PE3OHAHCA.
Pesynomamol 06yuenus npodemoHcmpuposanu d(hHexmusnocms npumeHenust NOOOOHbIX UHMEIEKMYAIbHbIX CUCTEM
0151 paspabomanHol MexampoHHOU NOOWURHUKOBOT ONOPbL.

KioueBble c10Ba: MHO2030HHAS NOOAYA, UHMETIEKMYATIbHOE YAPAGIIeHIe, MeMNepamypa, 83a3K0CMb, HeCyuds
CcnocobHoCmb, 0byUeHue ¢ NOOKpenieHuem

Paboma noozomosenena 6 pamkax evinonnenusa zpanma Ilpezudenma P® NeMK-3394.2019.8. Aemopul
svipadicarom 6nazo0apuocms ondy 3a okazannyio noooepicky. Taxoce aemoput eviparcarom oaazooapnuocmsy A.C.
Demucogy u A.JO. Poouuegy 3a nomoup 6 pazpadomke IKCnEPUMEHMATbHOU YCIAHOEKU.
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A.V. KORNAEV, E.P. KORNAEVA, Yu. N. KAZAKQOV, A.Yu. BABIN

TEMPERATURE-VISCOSITY WEDGE CONTROL
IN AFLUID FRICTION BEARING BASED
ON A DEEP REINFORCEMENT LEARNING ALGORITHM

Abstract. This paper discusses the possibility of using intelligent systems based on reinforcement learning and
deep neural networks to control the lubrication system of a mechatronic fluid friction bearing. The training of the agent
of the control system was carried out on a simulation model of a rotary machine, the purpose of training was to reduce
energy losses for friction and reduce the level of vibrations under conditions of a random external force action of a
periodic nature with a random frequency. The ability to switch modes has reduced the negative effect of the resonance
phenomenon. The results of the training demonstrated the effectiveness of using such intelligent systems for the developed
mechatronic bearing arrangement.

Keywords: mixed lubricant supply, intelligent control, temperature, viscosity, load-bearing capacity,
reinforcement learning.
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A.B. APE®LEB, P.5. TYJIMEB, A.B. JIATAEB, E.E. MAMIOPOB,
E.A. TIMCAPEBA, M.B. XOXJIOBA

IKCHEPUMEHTAJIBHOE NCCJIEAOBAHHUE
PABPABOTAHHOI'O KOJIOMETPUYECKOI'O JATYUKA
JJIA UBSMEPEHUSA IBETHOCTHU CTEKJIA

AHHoTauus. Hacmoawasa cmamoes nocéaujena uccie008aHuio KOJo0pUMempuieckoeo 0amyuuxa o usmepeHusl
napamempog yeema npospPayHuIX U Oup@ysno ompadcarowux o0bvekmos. B Odannou pabome npueeden
KOJLOpUMEMPUHeCKUll 0amuyuK, 8 KOmopom ucnoavsyemcst mpexaiemenmusiti RGB-gpomoouoo. Iloxkaszana cmpykmypnas
cxema u 6Hewinull 810 paspabomannoz2o oamuuxa. Onucana paboma Koiopumempad, d Maxxice nNoayyeHa CneKmpanibHas
yyecmeumenvrocms RGB-gpomoouooa. Ilpeocmasneno cneyuanvho paspabomannoe npocpammuoe obecnevenue Ojisi
noAyYeHuss umepeHuti 6 yu@pogom u epaguueckom eude. Hccredosanuco MmemponocuvecKue B03MONCHOCTIU
KOJLOpUMEMPUHECKO20 OAMYUKA CONOCMAGIEHUEM NOYYEHHbIX Pe3Vibmamos UsMepeHull ¢ He3a8UCUMbIMU OAHHbIMU.
s kanubpoexu dvLau ucnonb3068anbl cmekia onmuyeckue ygemuwle mapok: KC-11; JK3C-17; CC-2; 3C-4; JKC-12; IIC-
7, OC-13 koopounamvl y8emHOCMU KOMOPHIX PACNONA2ATUCH, BHYMPU YEEM08020 mpey20ivHuKd. Pezynbmamol
KAnubpoeKu KOJIOpUMempa u meCcmossblX UsMepeHutl KOOPOUHAM YBEeMHOCMU UCCIeOyeMblX 00pa3yo8 npusedeHvl Ha
yeemosom mpeyzonvHuke. B ucciedosanuax pazpabomanHulii KOI0pUMemMpuyeckul 0amuux obecneyusan usmepeHue
napamempos YeemHOCMU NPO3PAUHBIX O00BLEKMO8 C pPA3ZMAXoM NOKA3AHUL, XaApaKmepusylowui Ccayu4auHyio
nocpewnocmn, e 6onee 0,3 %.

KaroueBble ciioBa: ¢omoouod, onmuueckuil Kauau, CREKMPAnbHAs YYECMBUMENbHOCHb, KOLOPUMEMD,
ygemHule cmexia.
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AV.AREFYEV, R.B. GULIYEV, AV. DAGAEV, E.E. MAIOROQOV,
E.A. PISAREVA, M.V. KHOKHLOVA

EXPERIMENTAL STUDY OF THE DEVELOPED COLOMETRIC SENSOR
FOR MEASURING THE COLOR OF GLASS

Abstract. This article to the study of a colorimetric sensor for measuring the color parameters of transparent
and diffusely reflecting objects is devoted. This paper a colorimetric sensor that uses a three-element RGB photodiode is
presented. The block diagram and appearance of the developed sensor are shown. The operation of the colorimeter is
described, and the spectral sensitivity of the RGB photodiode is obtained. Specially developed software for obtaining
measurements in digital and graphical form is presented. The metrological capabilities of the colorimetric sensor by
comparing the obtained measurement results with independent data were investigated. Optical color glasses of the
following brands were used for calibration: KS-11; ZHZS-17; SS-2; ZS-4; ZHS-12; PS-7; OS-13, the color coordinates



of which were located inside the color triangle. The results of calibration of the colorimeter and test measurements of the
chromaticity coordinates of the samples on the color triangle were shown. In research, the developed colorimetric sensor
measurement of the color parameters of transparent objects with a range of readings that characterizes a random error
of no more than 0,3 % was provided.

Keywords: photodiode, optical channel, spectral sensitivity, colorimeter, colored glasses
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K.H. OCHUIIOB

IMOCTPOEHME W AHAJIN3 ITPOTHO3UPYIOIINX MOJEJIEN
OITACHBIX TEXHUYECKHUX COCTOSIHUI
MAIIMHOCTPOUTEJBHBIX U3JIEJIUN

AnHorauusi. [lpednacaemcsi nooxo0 K NOCMPOEHUN)  AOANMUBHBIX — IMIUPUHECKUX  MHO20MEPHBIX
NpOcHO3UPYIOWUX Modenell no pe3yibmamam Usmeperull, UCHONb3YeMblX Ol OYeHKU PUCKA Nepexood MeXHUYecKu
CHOJNCHBIX U30eNUll 00ueco MAuUHOCIPOUMENbHO20 NPEOHA3HAYEHUsI 8 ONACHOe MeXHUYecKoe COCMOAHUEe 8 X00e
NPOU3BOOCMEEHHBIX (RPUEMOCOANOYHBIX U KOHMPOLbHBIX) ucnvimanuil. Paccmampusaiomes 6onpocwyl eepugpuxayuu u
OYeHKU CKOpOCmu adanmayuu npeonazaemvlx mMooenel K U3MeHAeMblM YCIo8UAM U yeram ucneimanui. B kauecmee
npumepa paccmampueaemcs Npoyecc MOOEIUPOBAHUA U NPOSHOZUPOBAHUS USMEHEHUS MEeXHUYEeCKUX COCMOAHU
b6b1cmMpOX00HBIX O8Uamenell 6HYMpPenHe20 C2OPAHUsL C NPUHYOUMENbHBIM UCKPOBLIM 80CHIAMEHEHUEM.

KiaoueBble c10Ba: ouacrocmuka, ucnvlmauus, Mooeauposanue.
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DESIGN AND ANALYSIS OF PREDICTIVE MODELS OF DANGEROUS
TECHNICAL STATE OF MACHINE-BUILDING PRODUCTS

Abstract. An approach to the design of adaptive empirical multidimensional mathematical predictive models
based on the results of measurements used to assess the risk of transition of technically complex products to a dangerous
technical condition during production (acceptance and control) tests is proposed. The issues of verification and
evaluation of the speed of adaptation of the proposed models to changing conditions and test goals are considered. As an
example, we consider the process of modeling and forecasting changes in the technical conditions of high-speed internal
combustion engines with forced spark ignition.

Keywords: diagnostics, testing, modeling.
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TEINJIOBBIM U 'NAPABJIMYECKHUM PEXKUMAMMU HA
IODPEKTUBHOCTh KOMBUHUPOBAHHOMN CUCTEMBbI
HEHTPAJIN30BAHHOI'O TEIIVNIOCHABXEHUA

AHHOTaLMS. Pacczwampuea}omc;z 60NPOCHbL OYEHKU BIUAHUS NOBbIULEHUSL Kadecmea ynpaesienusl menioevim u
eudpamuqecxu/w peastrcumamu Ha 3d)¢€KmM6HOCmb KOM6uHup06aHHOﬁ cucmembvpl yeHmpaiu306aHHO20 MmeniocHabICeHUs.
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ASSESSMENT OF THE IMPACT OF IMPROVING THE QUALITY
OF MANAGEMENTTHERMAL AND HYDRAULIC MODES
ON THE EFFICIENCY OF COMBINED SYSTEM
DISTRICT HEATING SYSTEM

Abstract. The issues of assessing the impact of improving the quality of thermal and hydraulic control on the
efficiency of a combined district heating system are considered.
Keywords: quality, management, efficiency, heat supply.
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IL.H. IIKATOB, U.I'. KY3Vb, A.A. EPMOJIAEB

OCOBEHHOCTH DJIEKTPOIIOTEHIIMAJIbHBIX U3MEPEHUI
I''TYBUHbBI IOBEPXHOCTHbBIX TPEIIIUH HA IEPEMEHHOM TOKE
B HEMAI'HUTHbBIX OBBEKTAX

AHHOTaUMsl. B pabome npusedeHvl pe3yrbmamvl UCCAEO08AHUSL INEKMPONOMEHYUATbHbIX CUSHAN08 NpPU
UBMEPEHUSX 21yOUHbL NOBEPXHOCHBIX MPEWUH HA NEePEMEHHOM MOKe 6 MACHUMMBIX U HEeMASHUMHBIX 0ObEeKmax.
DnexmponomenyuanbHbie CUSHALI 8 OUANA30HE YACMOM NpUBedeHvl 8 8ude 20002paghos HAYANLHO20 U 8HOCUMOZ0
MpeWUnol KOMNIEKCO8 HANPSNCEHUl, d makKce 6 sude 2padyuposounvix xapakmepucmux. Iloxazansl ocobennocmu
usmepeHuii 8 HegheppomacHumueix obvexmax. Ilposeden ananus eiuAHUA YOEIbHOU INEKMPUUECKOU NPOBOOUMOCIIU U
yacmomsl MOKA NPU UsMepPeHUuU 21yOUHbL Mpewun 6 HegheppoMazHUMHBIX 0ObEKMAX.

KiaoueBble cj10Ba: 51eKmponomeHyuaibhbil Memoo, nepemMeHHblil MoK, UsmepeHue 2iyounbl NOGePXHOCHHbIX
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P.N. SHKATOV, I.G. KUZUB, A.A. ERMOLAEV

FEATURES OF MEASURING THE DEPTH OF SURFACE CRACKS
BY THE ELECTROPOTENTIAL METHOD ON AN ALTERNATING
CURRENT IN NON-MAGNETIC OBJECTS

Abstract. The paper presents the results of the study of electropotential signals when measuring surface cracks
on alternating current in magnetic and non-magnetic objects. Electropotential signals in the frequency range in the form
of hodographs of the initial and fractured stress complexes, as well as in the form of calibration characteristics. Problems
of measurement features in non-ferromagnetic objects. The analysis of the influence of specific electrical conductivity
and current frequency when measuring the depth of cracks in non-ferromagnetic objects

Keywords: electropotential method, alternating current, measurement of the depth of surface cracks,
ferromagnetic and non-magnetic objects of control.
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E.H. PEIKKOBA, E.II. MJIAJI3BUEBCKHUIA

OILEHKA YHIEPBA OT TEIUVIOBOI'O CTAPEHUA U30JIALIUN
ITPU OJHODPA3HBIX 3AMBIKAHUAX HA 3EMJIIO

AnHOTaUMsA. [Ipednosicena memoouxa paciema COCMAGISIIOWeEN CYMMAPHO20 yuepba om O0OHONOIIOCHLIX
3AMBIKAHULL, CBA3AHHO20 C UHMEHCUBHLIM MENI08bIM CMApeHuem U30Nayuu cemel om npomeKaHusi MoKo8 GblCUIUX
2apMOHuK. YovlmKu, 6vi36anHble COKPAWEHUEM CPOKA CAYHCObL U30JAYUU 000PYO06AHUs, 3AGUCIIM OM MEXHUYECKO20
cocmosnus Heumpanu cemu. Ha ocnogee meopuu HadexCHOCmU NOKA3AHO, YO ONMUMATbHbIM PelleHUeM C MOYKU 3PeHUs.
nooasnenus GuICUUX 2APMOHUK U VIYYUWIEHUS VCI08Ull pabomvl U30JIAYUU ABAAEMCA  PeNCUM BbICOKOOMHO20
pe3ucmueno2o 3azemieHus. Paspabomannas memoouxa modicem Oblmb UCNOIb308AHA KAK HA CMAOUU NPOEKMUPOSAHUs
npu peweHuU 80NPoOca O pedxcume Helimpanu, maxk u npu amanuze noxasamenel 3¢pekmusHocmu SKCnryamupyemuix
cemell.

KiaueBble clioBa: capmonuueckue cocmagnawuue moka 0OHOMA3HO20 3AMbIKAHUS, Menjiosoe CmapeHue
UBOTAYUU, PEAHCUM HEUMPATU.
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Ye.N. RYZHKOVA, E.P. MLADZIEVSKIY

ESTIMATION OF DAMAGE FROM THERMAL AGING OF INSULATION
IN SINGLE-PHASE EARTH FAULTS

Abstract. A method is proposed for calculating the component of the total damage from single-pole short-
circuits associated with intense thermal aging of the network insulation from the flow of higher harmonic currents. Losses
caused by reduced service life of equipment insulation are directly related to the neutral condition of the network. Based
on the theory of reliability, it is shown that the optimal solution from the point of view of suppressing higher harmonics
and improving the operating conditions of insulation is the high-resistance resistive grounding mode. The developed
methodology can be used both at the design stage when deciding on the neutral mode, and when analyzing the efficiency
indicators of operating networks.

Keywords: harmonic components of a single-phase fault current, thermal aging of insulation, neutral mode.
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