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MalHPlHOCTPOI/ITeJ'lebIe TCXHOJIOT'MHU U 060pyz[03alme

Kononka rinaBHoro pepakropa

[IpruBETCTBEHHOE CIIOBO YYaCTHUKAM
XX MexyHapoHOM Hay4YHO-TIPAKTUUECKON KOH(EPEHIH
"O9HEPT'O- U PECYPCOCBEPEXEHHUE - XXI BEK"

®enoToBa AjleKcaHApa AHATOJIbEBHYA,

pexkropa ®I'BOY BO «OI'Y um. U.C. TypreneBay, mo4eTHOro pabOTHHUKA
cdepsl obpazoBanus PD, npencenarenst opraHu3allMOHHOTO KOMUTETA
XX MexayHapoJHOW Hay9HO-TIPAKTHYECKONW KOH(pepeHnn "DHepro- u
pecypcocoepexenue XXI Bek"

VYBaxkaemble JaMbl U rocnona, ydacTHUKM XX MexIyHapoJHOM Hay4HO-IIPAKTHYECKOU
koH(pepenmu "OHEPT'O- U PECYPCOCBEPEXEHUE - XXI BEK"(MHIIK-2022), Beipakato Bam
MCKPEHHIOIO MPHU3HATEIBHOCTh 32 aKTHBHYIO M IUIOJIOTBOPHYIO Pa0OTy, a TakKe HHTEPECHBIE U
cofiepKaresbHble  J0KIaapl. CuuTar0 BaXHbBIM OTMETHTb, UYTO KOH(pepeHuus «DHepro- u
pecypcocoepexenne XXI BEK» Tpaguunonno nmpoBoauTcs Ha 6a3e HHCTUTYTa PHUOOPOCTPOCHHUS,
aBToMatu3anuu U uHpopmamonueix Texnonoruii ®I'bOY BO «OI'Y um. U.C. TypreneBa». Ona
HallpaBJICHa Ha JAJIbHEHIIEE pa3BUTUE U NOMYJISPU3ALNI0 HOBEHIINX JOCTHKEHUM HAyKH, TEXHHUKH,
a TaKXKe Iepel0OBOro OIbITa IO BHEAPEHMIO SHEPro- U pecypcocdeperarouiero o00pyroBaHUs,
(G POBBIX TEXHOJOTHI B 3JICKTPOIHEPTETUKE, IMEKTPOTEXHUKE U APYyrux chepax. Maes nposenenus
KOH(epeHIMH IPUHAUIEKUT Kadeape 3JIeKTpooOopyA0BaHUs U sHeprocoepexkenus, koropas ¢ 2001
roja 4 Mo HAacTosIlee YCIEUIHO OpraHu3yeT paboTy ee MyJbTUIUCIUIUIMHAPHBIX TEMaTHUYECKHUX
CEKIIHi{, TEM caMbIM CIIOCOOCTBYS JTaJIbHEHIIIEMY PACIIUPEHUIO U YKPETICHHIO JI€J0OBbIX KOHTAKTOB
MEX/y OT€UYECTBEHHBIMHM U 3apyOEKHBIMM CHEIHaIMCTaMH, paboTarolMMU B O0JIaCTU IHEPro- U
pecypcocOepexeHusl.

S ¢ ynoBneTBOpeHHEM KOHCTaTHPYIO TOT (akT, 4TO KOH(PEpEeHLHs TUHAMHYHO PAcTeT U
pa3BHUBaeTCsA, HECMOTPsI Ha BCE TPYAHOCTH IocienHux Jyer. Tak, B 2021 rony 4yacte marepuasios
KOH(epeHIny ObljIa TPaAUIIMOHHO ONMyOJMKOBaHAa B HaykoMmerpudeckoi 0aze PUHII, a moxmansr,
NPEJCTABIAIONINE HauOONbIINI HayYHO-NPAKTUUYECKUN HMHTEpec, ObUIM pa3MEIIeHbl B H3/1aHUM,
BXOJIAIIEM B MEKIyHapoIHyI0 0a3y nanHbix Web of Science.

OtnuuurensHO ocobeHHOCThIO KOH(pepeHumun MHIIK-2022 gBnsercsa To, uTO mydIue
JOKJIagpl €€  yYacTHUKOB, IMPOLIEAIINE  MPOLEAYpY JABYXYPOBHEBOIO  HE3aBHCHMOIO
PELIEH3UPOBAHUS, CMOIJIM IONAcCThb HA CTpaHULbI XypHana «DyHIaMeHTalbHbIE M IPUKIIAJHBIC
Mpo0OJIEMbl TEXHUKHU M TEXHOJIOTHHY, BXOAsIIero B nepedeHb BAK, a Takxke unjaekcupyeMoro B 6aze
PUHII u mexxayHapoasbix cucremax urupoBanust Chemical Abstracts u Google Scholar.

OTMmedeHHOe BbIIIE JIEMOHCTPUPYET BCEM YYACTHHUKAM COCTOSIBIICHCS KOH(EpeHLuH, a
TaKkKe €€ MOTCHIHAIbHBIM YYaCTHUKAM, CEPbE3HBIM 3aJel W BBICOKMH YpPOBEHb JIAHHOTO
MEPOIPUITHSI, TO3BOJISIET UM YBEPEHHO 03KHMJIaTh OT OPraHU3aTOPOB KOH(PEPEHIINH, TPEIOCTABICHUS
OYepeHOM BO3MOKHOCTH arpoOHpOBaTh PE3y/bTaThl CBOMX HAy4YHBIX HccliegoBaHuil. VckpeHHe
HaJICI0Ch, YTO KOH(epeHIHs U B AaibHeleM OyieT ciayKuTh 3pPexTuBHOM 11aThopMoii He TOJIBKO
JUIL HAyYHBIX TUCKYCCHI M OOMEHa MPaKTUYECKUM OIBITOM IO aKTyaJIbHBIM MpolieMaM B 06JacTu
JHEPro- M pecypcocOepexeHusi, HO U CHOCOOCTBOBAaTh MHTETpallMd €€ y4aCTHUKOB B MHPOBOE
Hay4YHO-00pa3oBaTeIbHOE MPOCTPAHCTBO

Kenaro BceM ydacTHHKaM JajbHEHIIeld aKTUBHOW U IIOJOTBOPHOWM pabOThI, TBOPUECKOIO
BJIOXHOBEHUSI, KPEIKOTO 3J0POBbS U JINYHOTO O1aronosry4us!
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A.A. COIIHUKOB, E.B. TUTOB

BbIBOP PE3YJbTATUBHBIX PEIIEHUN ITPU 3ALIUTE
OBBEKTOB AIIK ABTOMATHYECKHNUMMU BBIK/IIOYATEJISIMUA

AuHoTamMs. Paccmompensvi npunyunst oyeHku 3@gexmusHocmu 3auumyl HYmMpeHHux cemeil 0ObeKmMos
azponpoMbIULIEHHO20 KOMNIEKCA aémoMamudecKumu @vikaoyamenimu. IIpeonodicensvt KonuuecmeeHnHvie Kpumepuu
OYEeHKU NOJICAPHOU ONACHOCMU KOPOMKUX 3AMBIKAHUL, NO360]AI0WUe OYEeHUMb G03MOJICHOCHb — Nepedico2d
971eKMpPOnpoBOOKU HA KAAHCOOM YUACMKE INEKMPUUECKOU Cemu U YCIO0GHYI0 EPOSIMHOCHb NOJICaApa 6 medeHue 200d Ha
uccneoyemom obvexme. Onucanvl 0coOEHHOCMU NPAKMUYECKO20 UCHONb30GAHUA PA3IUUHbIX Kpumepue. [Ipueedensvi
MAKCUMAIbHble U CpeOHue 3HAYeHUs MOKO8 CPpabamuvleanus INeKMpOMAHUMMHBIX pacyenumenei agmoMamuieckux
sviknoyamenet ceputi AE u BA ¢ xapakmepucmukamu C u B. Bvibop evikitouameneii no yciogusm cpabamvl8aHus
INEKMPOMACHUMHBIX pacyenumeneii peKoMeHO08AHO NPOU3BOOUMb C HOMOWDBIO PA3PAOOMAHHLIX HOMOSPAMM, d 6
cyHasx, Ko20a 3auuma Om dA6APUUHBIX MOKO8 HA KOHMPOAUPYEMBIX YUACMKAX UACMUYHO UAU HOJHOCHbIO
OCYWeCmenaemcs meniosblMu pacyenumenamy — no Kpumepusm NoJCapHoll ONACHOCMU UAU KPAMHOCMU MOKA U
6pemenu cpabamuléanus.

KnrodeBble clI0OBa: asmomamuuecKuii GulKIIOYAMENb, NeKMPOMASHUMHbIL U MEeNnlo6ou pacyenument,
BHYMPEHHASA INEKMPULECKAs CeMb, KOPOMKOE 3AMbIKAHUE.
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A.A. SOSHNIKOV, E.V. TITOV

SELECTION OF EFFECTIVE SOLUTIONS FOR THE PROTECTION
OF AGRICULTURAL FACILITIES USING
AUTOMATIC CIRCUIT BREAKERS

Abstract. The article discusses the principles of evaluating the effectiveness of protection of internal networks
of objects of the agro-industrial complex using automatic circuit breakers. We suggest using quantitative criteria for
assessing the fire hazard of short circuits. With the help of these criteria, it is possible to assess the possibility of burning
out electrical wiring in each section of the electrical network, and it is also possible to determine the conditional
probability of a fire during the year at the object. The article describes the features of the practical use of various criteria.
The article shows the maximum and average values of the electric current of actuation of the electromagnetic
disconnectors of automatic circuit breaker of the AE and VA series with characteristics C and B. We recommend selecting
automatic circuit breakers according to the conditions of operation of electromagnetic disconnectors using the developed
nomograms. In cases where protection against emergency electric current in controlled areas is partially or completely
realized with the help of thermal disconnectors, it is proposed to use the criteria of fire hazard or the multiplicity of
current and actuation time.

Keywords: automatic circuit breaker, electromagnetic and thermal disconnectors, internal electrical network,
short circuit.
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JI.B. KOTSEB, A.C. KOCMOJAMUAHCKUN, A.1. UBAXWUH

INPUMEHEHUE MAKETHOM CUCTEMBI JIUIS1 TPOBEJIEHUSA
HATYPHBIX DKCIIEPUMEHTAJIBHBIX UCCJIEJJOBAHUI BJIUSIHU S
AJIEKTPUYECKOI'O TOKA HA ITOBBIIIEHUE
TATOBbBIX KAYECTB TEIIJIOBO3A

AHHOTAIMS. Obocrosan memoo HAmMYpHbIX IKCnepumenmailbHblxX UCCEO0BAHUTL MA20BbIX KAYECME MENI0603d
C NpUMeHerHuem MAKemHblx Cucniem. PaCCMompeHa Makemuas j1eKmpudeckas cucmema, OCHoO6AHHasA Ha nooaue moka
msico6020 ceHepamopd 6 KOHMAKMbvl KoJec C pelbCadMu U NO360JIAI0WAA noayiams pedlbHble 3HAYEeHUs napamempoe
msi2u menioeo3a 8 OBUNCEHU. HpueedeHbz pe3yibmanisvl npedeapumeﬂbﬂblx UCCe008aHUL ONBIMHOT ceKkyuu menjiososa
6 cocmaee cneyuallbHo2co ucnblmameilbHo20 KOMNJjieKca.

KuarwueBbie ciioBa: HamypHvle IKCnepumeHmalibHhble uccnedoeaﬂuﬂ, menjoeos ¢ aﬂekmponepe()auezl,
noevlierHue cyenjieHus, MaKkemmnas d1eKmpudecKkas cucmema, pe3yiomarnibl UCHBIMAHUIL.
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D.V.KOTYAEV, A.S. KOSMODAMIANSKY, A.Il. IVAKHIN

PROTOTYPING SYSTEM APPLICATION FOR FULL-SCALE
EXPERIMENRAL RESEARCHES OF ELECTRIC CURRENT INFLUENCE
ON INCREASING THE TRACTION PERFORMANCE
OF A DIESEL LOCOMOTIVE

Abstract. The method is justified for full-scale experimental researches of diesel locomotive traction qualities
using prototyping systems. A prototyping electrical system is considered which is based on the supply of the traction
genera-tor current to the wheel/rail contacts and which allows obtaining real values of the traction parameters of a
diesel locomotive in motion. The results are presented for preliminary studies of the experimental unit of the diesel
locomo-tive as part of a special test complex.

Keywords: full-scale experimental researches, diesel-electric locomotive, adhesion enhancement, prototyping
electrical system, test results.
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0. 1. HJIMOHCKAA

PUCK-OPUEHTUPOBAHHBIN AHAJIN3 JEKTPOBE3OIIACHOCTHU
ITPHU DOKCIUVIYATALIUUA SJIEKTPOOBOPY IOBAHUA
B CEJIbCKOM XO3SHCTBE

AuHoTamms. [Ipugedenvt pe3ynbmamvl UCCAEO08AHUA UCHONb30BAHUA PUCK-OPUEHMUPOSAHHO20 N00X00d 8
cucmeme OpeaHu3aAyUU dIEKMPOOE3ONACHOCY NpU  IKCIIYAMAYUU  INEKMPOYCMAHOBOK 6 ASPONPOMBIUTIEHHOM
Komniaexce. Onpedenena yenb aHanu3a u NPOSHO3UPOBAHUsS. PUCKA dAeKmpompasmuposanus. Llenvio pabomul aensemcs
060CHOB8AHUE PUCK-OPUCHMUPOBAHHO20 NOOX00d NPU OP2AHUZAYUU CUCTIEMbI DNEKMPOOE30NACHOCHU HA NPeONPUAMUAX
A2PONPOMBIUAEHHO20 KOMNAEKCA Ol ONMUMUIAYUY 3ampam Ha oxXpany mpyoa. B pesynemame ucciedosanusn 0vino
BbISIGIEHO, YMO NOJYHAeMAs 6ble00d OMm NPUHUMAEMO20 6 CUCmeMe NeKMpobe30NACHOCU peweHus He 6ce20d
cosnadaem ¢ oodcudaemoli, 60ie Mo20, OHA NPAKMUYECKU BCe20da OMAUYAemcss Om Hee, HOIMOMY, Kpome
XApaxmepucmuKyu Mamemamuyecko20 OHCUOAHUS. HEOOXOOUMO OYEeHUBAMb U XAPAKMEPUCTNUKYU PACCeAHU — OUCNEPCUTo
U cpedHee K6adpamuyHoe OMKIOHEHUe, NePBAs U3 KOMOPLIX NPU CMPeMIeHUU Mepbl HeCKIOHHOCTNU pAOOMHUKA K PUCKY
(npu k— 0) cognadaem c oucnepcuei QyHKYUU 8bl200HOCMUL.

KiroueBble ¢l10Ba: puck, cucmema 21eKmpooe30nachocmu, aeponpomMuliuleH bl KOMIAEKC.
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Yu.D. SHLIONSKAYA

RISK-BASED ANALYSIS OF ELECTRICAL SAFETY DURING
OPERATION OF ELECTRICAL EQUIPMENT IN AGRICULTURE

Abstract. The results of a study on the use of a risk-based approach in the system of organizing electrical safety
in the operation of electrical installations in the agro-industrial complex are presented. The purpose of the analysis and
prediction of the risk of electrical injury is determined. The aim of the work is to test the risk-based approach in organizing
the electrical safety system at the enterprises of the agro-industrial complex to optimize the cost of labor protection. As a
result of the study, it was found that the benefit received from the decision made by the electrical safety system does not
always coincide with the expected one and almost always differ from it, therefore, in addition to the mathematical
expectation characteristic, it is necessary to evaluate the scattering characteristics — dispersion and standard deviation,
the first of which, when striving measures of employees aversion to risk (for k — 0) coincides with the variance of the
profitability function.

Keywords: risk, electrical safety system, agro-industrial complex.
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B.A. ®EJAAHUH, C.A. POAT, I.H. KPFOKOB

MOBBIINEHUE YOPPEKTUBHOCTU CUCTEM SHEPT'OCHABKEHUA
CEJbCKHUX ITOTPEBUTEJIEN B AJITAUCKOM KPAE

AHHOTAUMA. B cmamve paccmompena npobdiema dHepeocHabIICeHUusi cenbCKux nompedbumenei Anmaiicko2o
Kpasi, C653aHHbLE UCNOIb30BAHUEM NPUBO3HO20 KamMeHnHo20 yeis. [Ipusedenvl 6apuanmvl nOGbIUEHUSL IHEPEMUUECKOU
appexmusnocmu  cucmemvl  MENIOCHAOGIHCEHUsT  3d  CHEm NPUMEHEHUsi MEeNI08bIX HACOCO8, UCNONbIVIOWUX
HU3KONOMEHYUATbHOE MeN0 NOBEPXHOCIHbBIX C0E6 3eMiu.

KarwueBble clI0Ba: moniugHo-sHepeemuyeckutl 0ananc Ammaiickozo Kpas, nepesoo celbCKux nompebumeneti
€ Y20IbHO20 OMONJIeHUS HA 9IEKMPUYECKOe; UCTIONb308AHIUE 80300HOBIAEMO20 MeNd NOSEPXHOCMHBIX C10€6 3emau OJist
MENLOCHABIICEHUSL CENlbCKUX NOmpedumenell.
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V.Ya. FEDYANIN, S.A. RODT, D.N. KRYUKOV

INCREASING THE EFFICIENCY OF POWER SUPPLY SYSTEMS
FOR RURAL CONSUMERS IN ALTAI KRAI

Abstract. The article deals with the problem of energy supply to rural consumers in the Altai Territory,
associated with the use of imported coal. Options for increasing the energy efficiency of the heat supply system through
the use of heat pumps using low-grade heat from the surface layers of the Earth are given.

Keywords: fitel and energy balance of the Altai Territory; transfer of rural consumers from coal heating to
electric heating; use of renewable heat of the surface layers of the Earth for heat supply to rural consumers.
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JLB. IVBUHMH, I1.]I. KYTEMHUKOB, M.A. PAILIEBCKAS

N3YUEHUE XAPAKTEPUCTHUK DJEKTPUUKECKOM JIYTU
HU3KOI'O HAITPAXKEHU A

AHHOTAUMA. B cmambe u3zyueno seieHue d1eKmpudeckol oy2u Ha HU3KoMm Hanpsaxcenuu. Paccmompeno ee
He2amusHoe GIUsIHUE HA DE30NACHOCMb Yen08eKa U 21eKmpoobopyoosanus, npusedena cmamucmuka. IIpusedenvi
2pynnsl 0y208biX npoboes, ONUCAHbL UX CGOUCMEA U NPUYUHBI BO3HUKHOGeHUs. TaKdice OnucaHnvl cyujecmeayrowue ce2ooHs
Cnocobbl 3aWuUmsl OM A8APUll, CEA3AHHLIX C INEKMPOCHADICEHUEM, U 8ePOSMHOCIb UX CPAOAMBIBAHU NPU OY2080M
npoboe. Bvina maxoice onucana cobpaHnas Hamu 3KCNEPUMEHMANbHAA YCMAHOBKA 04 umumayuu 0y208020 npooos
HU3K020 HANPSJICEHUS, 4 MAKIICe NPUBEOeHbl Pe3yibmanbl NPOBe0eHHbIX IKCHePUMEHMOS.

KawueBble cioBa: snekmpuueckas dyea, Huskoe Hanpsadxcenue, npooou, Y3/II, noxcapnas 6e3onacrocmo,
YCmpoucmea 3auumsl, NApAIebHbll 0y2060U NPodOU, NOCIe008amebHblLL 0Y20801 NPOOOL.
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STUDYING THE LOW VOLTAGE ELECTRIC ARC CHARACTERISTICS

Abstract. The article studied the phenomenon of an electric arc at low voltage. Its negative impact on the safety
of people and electrical equipment is considered, statistics are given. Groups of arc faults are given, their properties and
causes are described. It also describes the current methods of protection against accidents associated with power supply,
and the probability of their operation during an arc fault. We also described the experimental setup we assembled for
simulating low-voltage arcing, and presented the results of the experiments.

Keywords: electric arc, low voltage, breakdown, AFDD, fire safety, protection devices, parallel arc fault,
sequential arc fault.
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C.I0. EPEMOYKHH, A.B. I0OPOXOB

CUCTEMA YIIPABJIEHUA OTHO®A3ZHBIM 9JIEKTPOITPUBOJOM
CEJIbBCKOXO3AUCTBEHHBIX MAIIIMH MAJION MOIITHOCTHU

AHHOTanMsl. B Hacmosiyee 6pemsi OCHOGHLIMU ROMPEOUMENIMU INEKMPUYECKOU IHEPeUU 8 CelbCKOM
xXossicmee SGIAIOMCS PA3IUdHble INEKMpUGuyuposantvie mawiunsl u azpezamvl. Ilpu smom, 6 21eKmponpusooe
OONLUUHCIMBA  CENbCKOXO3AUCMBEHHBIX YCMPOUCE MAIOU MOWHOCMU UCHOIb3YIOMCS 00OHOpA3HbIE ACUHXPOHHbIE
INEKMPOOsU2AmMenU ¢ KOPOMKO3AMKHYmbIM pomopom. Cywecmayiowue cnocodwvl 3anycka 00HopasHo2o osueamers
UMEION MHOJCECMBO HeDOCmMamK08. B cesizu ¢ smum, 6 cmamve npeonoicen npeobpazosamens 4acmomsi OJist 3anycKka u
pabomel  00HOMA3HO2O ACUHXPOHHO2O 3aeKkmpodsueamens om 0O0HOpasHou numarwwei cemu. Ilpusedena
NPUHYURUATLHASL DNEKMPUYECKas cxema U aieopumm pabomwl yempoticmea. Pazpabomana umumayuonnas mooeis
00HOA3HO20  INEKMPONPUBOOA  CENbCKOXOZAUCMBEHHON MAWUHbL €  Npeobpasosamenem Hacmomsl 6 cpeoe
Komnvlomepho2o mooenupoganus SimInTech. [Iposeden cpasHumenvbhvlii AHANU3 NOLYUEHHBIX INEKMPOMEXAHULECKUX
Xapaxmepucmux — pabomvl  INEKMPONPUBOOA €  NPEONONCEHHBIM — YCMPOUCMBOM €  XAPAKMEPUCTUKAMU — Npu
Konoencamopnom nycxe. Coenamvl 6b18600bl 0 YeNeCOOOPASHOCMU NPUMEHEHUs npeodpasoeamesss 4acmoml O
nUMaHust 00HOPA3H020 ACUHXPOHHO20 INLEKMPOOGULAMENSL CENbCKOXO03AUCTBEHHBIX MAULUH.

KaioueBble coBa: 00HOpasHbill ACUHXPOHMBLIL DIeKMPOOGUeamens, npeodpa3oeamens Yacmomuvl, 6eKMOopHO-
aneopummu4ecKoe ynpagieHue, CeibCKOX03AUCMBEHHAS MAWUHA.
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S.YU. EREMOCHKIN, D.V. DOROKHOV

CONTROL SYSTEM FOR A SINGLE-PHASE ELECTRIC DRIVE
FOR LOW-POWER AGRICULTURAL MACHINES

Abstract. Currently, the main consumers of electrical energy in agriculture are various electrified machines
and units. At the same time, in the electric drive of most agricultural devices of low power, single-phase asynchronous
electric motors with a squirrel-cage rotor are used. Existing methods for starting a single-phase motor have many
disadvantages. In this regard, the article proposes a frequency converter for starting and operating a single-phase
asynchronous electric motor from a single-phase supply network. The circuit diagram and algorithm of the device
operation are given. A simulation model of a single-phase electric drive of an agricultural machine with a frequency
converter has been developed in the SimInTech computer simulation environment. A comparative analysis of the obtained
electromechanical characteristics of the operation of the electric drive with the proposed device with characteristics
during capacitor start has been carried out. Conclusions are drawn about the feasibility of using a frequency converter
to power a single-phase asynchronous electric motor of agricultural machines.

Keywords: single-phase asynchronous electric motor, frequency converter, vector-algorithmic control,
agricultural machine.
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C.0. XOMYTOB, U.B. GEJIUILIbIH, N.A. ITABJIMYEHKO

HCCJIEJOBAHUE PEXVMA BO3AYIIHOM JINHUU
C UCITIOJIb3OBAHUEM KOMITAKTUPOBAHHBIX
N BBICOKOTEMIIEPATYPHBIX ITPOBO/J1OB

AHHOTAIUSA. B crnambe paccmompenst pesicumbvl 8030YUHOU TUHUL dnekmponepedanu nanpsacenuem 110 kB ¢
UCNONb308AHIUE NPOBOO0E HOBO20 NOKOAEHUSL: KOMUAKMUPOBAHHBIX U Gblcokomemnepamyphulx. [locmpoensl epaghuxu
3A6UCUMOCIIU TMOKA 6 JUHUU OM MOWHOCMU HAZPY3KU O/ PA3IUYHbIX MAPOK Npo60008. OnpedeneHo 3HaueHue
HANPSIdICEHUs. 8 KOHYe JUHUL 6 3Q8UCUMOCIU om MowHocmu nazepysku. Tlonyuena ynkyuonanohas 3a6ucumocme
3ampam Ha COOPYHCeHUe 8030VULHOU TUHUU C YHEMOM 0COOEHHOCHE 8bLCOKOMEMNEPAMYPHBIX NPOBOJOE.

KiroueBble c1oBa: pesicum nuHUU, NPOBOOA HOB020 NOKOLEHUS, MAKCUMAILHO OONYCMUMbL MOK, HANPSIJICEHUe,
3ampamol, 6030YUiHbIE TUHULL.
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S.0. KHOMUTOV, 1.V. BELITSYN, [LA. PAVLICHENKO

RESEARCH OF THE OVERHEAD LINE MODE
WITH THE USE OF COMPACT AND HIGH-TEMPERATURE WIRES

Abstract. The paper considers the modes of an overhead power transmission line with a voltage of 110 kV using
new generation wires. compact and high-temperature. Graphs of the dependence of the current in the line on the load
power for various brands of wires are plotted. The voltage value at the end of the line is determined depending on the
load power. A functional dependence of the costs for the construction of an overhead line is obtained, taking into account
the characteristics of high-temperature wires.

Keywords: line mode, new generation wires, maximum allowable current, voltage, costs, overhead lines.
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MOBBIIIEHUE DPPEKTUBHOCTHU UCITOJIB30BAHUA AI'Y
ITPHU JIEKTPOCHABXEHUU OTAAJIEHHBIX OB BEKTOB AIIK

AHHOTaIUs. B cmamve npeonacaemcs cnocob u ycmpoucmsao nosviuiaroujee 3¢hekmusHocms UCNonb308aHUS
ou3zeb-eeHepamopHbIx YCMAaH0B0K, 0COOEHHO 8 YCI08UAX HUSKUX MeMNnepamyp oKpyicaroujeli cpeobl.
KiroueBble cinoBa: /Jusenv-ceHepamopHas yCmanosKka, npeonyckogoli nooozpes, menioeol akKymyasamop.
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M.A. ABRAROV, LA. ABRAROV

IMPROVING THE EFFICIENCY OF THE USE OF DGS IN THE POWER
SUPPLY OF REMOTE OBJECTS OF THE AGRO-INDUSTRIAL COMPLEX

Abstract. The article proposes a method and device that increases the efficiency of using diesel generator sets,
especially in conditions of low ambient temperatures.
Keywords: Diesel generator set, preheating, heat accumulator.
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N.B. KOJIYBAHOB, B.A. YHEPHBIIIIOB, A.A. TPEBEHHIMKOB

UCIOJIb30BAHUE MATHUTHOI'O NOJISI BO3JAYILIHOM JIMHUU
SJEKTPONEPEJAYU HANIPSIDKEHUEM 10 kB JJ151 ABAPUMHOTI'O
YIIPABJIEHUA BECIIMJIOTHBIM JIETATEJIBHBIM AIIITAPATOM

AnHoraunusi. O0O0CHOGAHA YenecoOOPA3HOCMb UCHONIL308AHUS  MASHUMHO20 N0 B030VWMHOU  JIUHUU
anekmponepedauu nanpsixcenuem 10 kB ¢ uzoauposannoii Heumpanvio 6 Kauecmaee OpUeHMUPa npu YynpaeieHul noaiemom
OecnuIomHo20 J1emamenbHo20 annapama, NOmMepssulec0 C683b C HA3CMHLIM HYHKMOM Ynpaeéienus. Aemopamu
npeonazaemcsi CXeMOmMexHu4ecKoe peueHue U ONUCbL8aemcsi CReyupuKka e2o QYHKYUOHUPOBAHUSL.

KarwueBble c10Ba: MoHumopuneo30ywiHou auHuu daekmponepedayu 10 kB ¢ uzonuposanuoli Helumpanvio;
becnunommublil 1emamesnbHbll ANNapam, MAazHUmMHoe nojie; agapuliHoe NUIOMUPOBaHuUe.
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[.LV. KOLUBANOV, V.A. CHERNYSHOV, A.A. GREBENNIKOV

USE OF THE MAGNETIC FIELD OF 10 kV OVERHEAD POWER LINE
FOR EMERGENCY CONTROL OF UNMANNED AIRCRAFT

Abstract. The expediency of using the magnetic field of an overhead power line with a voltage of 10 kV with an
isolated neutral as a reference point in the flight control of an unmanned aerial vehicle that has lost contact with the
ground control point is substantiated. The authors propose a circuit solution and describe the specifics of its operation.

Keywords: monitoring of overhead transmission line 10 kV with isolated neutral; unmanned aerial vehicle; a
magnetic field; emergency piloting.
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A.H. KAYAHOB, B.A. 'PUIINH

NCCIIEJOBAHHUE SJIEKTPUYECKOI'O U TEIIVIOBOI'O HOU.JIEI71 P
CYHIKE APEBECHUHbBI B BAKYYMHO-IU2JIEKTPUYECKOU KAMEPE

AHHOTanusl. B cmamve npusedenvt pesynvmamsl UCCIe008aHUN PACHPEOeNeHUsl OCHOBHBIX NAPAMEMPO8
9IEeKMPOMASHUMHO20 U MENI06020 Nojell 6 cucmeme «BakyymHo-ousiekmpuyeckas Kkamepa - pabouue 31eKmpoobl -
wmabenb OpeBecuHbvly, NOAYYeHHblEe C UCHOAb308aHuem npocpammuol cpeovt ELCUT. Ilpoepamma noszeonuna
NPOAHANUZUPOEAMbIAKOHOMEPHOCU PACHPEOeNeHUs. OCHOGHbIX NAPAMEMPOE INEKMPOMASHUMHOZ0 U MENI06020 NOolell
6 wmabene Hazpesaemoll OpesecUnbl ¢ YUemomeédNeKmpoPUIULECKUX CBOUICME, NOPOObL U 2eOMEMPUUECKUX PASMEPOS
wmabens. Buiagnenvl 30Hbl 6 pabouem npOCMpancmee UCCIe0YeMOl CUcmemsl, 20e HAOI00aOMca MAKCUMATbHOE
npossienue Kpaeeozo dpdexma, a npednodisceHo mexHuueckoe peuleHue, HanpasileHHoe HA MUHUMUIAYUIO OAHHO20
agppexma.

KnloueBble caoBa:  nanpsadceHHOCMb — 2NEKMPUYECKO20  NOJs,  mMeMnepamypHoe noie,  6aKyYMHO-
oudnekmpuyeckas —Kamepa, pabouue IneKmpoowvl, wmaberb  Opesecunvl, npoepammuas cpeda ELCUT,
nekmpogusuyecKkue ceolicmea Opesecutvl, Kpaegou 3ggexm.
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AN. KACHANOV, V.A. GRISHIN

INVESTIGATION OF THE ELECTRIC AND THERMAL FIELDS DURING
DRYING WOOD IN A VACUUM-DIELECTRIC CHAMBER

Abstract. The article presents the results of studies of the distribution of the main parameters of electromagnetic
and thermal fields in the system "Vacuum-dielectric chamber - working electrodes - wood stack”, obtained using the
ELCUT software environment. The program made it possible to analyze the patterns of distribution of the main
parameters of electromagnetic and thermal fields in a stack of heated wood, taking into account its electrical properties,
species and geometric dimensions of the stack. The zones in the working space of the system under study, where the
maximum manifestation of the edge effect is observed, are identified, and a technical solution is proposed aimed at
minimizing this effect.

Keywords: electric field strength, temperature field, vacuum-dielectric chamber, working electrodes, wood
stack, ELCUT software environment, electrical properties of wood, edge effect.
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A.A. XAJIZIBKHH, B.A. I'OP/IOH, M.B. CTAPKOBA, B.B. BOHJJIAPEHKO

ONEHKA BJIMAHUSA YIIPYT'UX CBONCTB
KAITPOJIOHOBBIX JEU/IBY /JIHbIX ITIOJAINUITHUKOB
HA YI'OJI KOHTAKTA C I'PEBHBIM BAJIOM

AHHOTAUMA. B dannoil pabome paccmampugaemcs 6aionpogoo, KOMOpblil 6IAEMCsl YACMbio 08USAMENbHO-
osudICUMENbHOIU cucmembl CyoHa. Ommeuaemcsi, Ymo ycio8uem Ha0eHCHOCMU CYO08020 8ALONPOBOOA ABIAEMCs paboyee
cocmostue e2o 0etlogyOHbIX NOOWUNHuKo8. Ommeyaemcs, ymo 0OHUMU U3 PACIPOCMPAHENHBIX MAMEPUATO8, KOMOPblEe
UCROMBL3VIOMCSL 0TIl U320MOGILEHUST 0etlO8YOHBIX NOOUUNHUKOS, AGNSIOMCS PE3UHA U KANPOIOH. YKa3bleaemcs, 4umo cam
Kanponow npedcmagisient coOo0l  BblICOKOMOAEKVISAPHLIL  NOAUKANPOAMUO,  NONYYAEMbIL MemOoOOU  WeNOUHOU
noauMepu3ayuu — Kanpoiakmama HenocpeoCmeeHHo 6 ¢hopme O 3aeomoeku uzoeaus. B pabome uccredyemc
sonpedenieHue KOIQD@uyuenma xHcecmrkocmu 0etiogyOH020 NOOUUNHUKA C Y4emoM USHOCA U YAPY2UX CB0UCE CAMUX
8MYNOK  O0el08yOHbIX noowunuuxkos. Ilonyuennoe @vipadicenue onpeodeneHusi Kodpguyuenma  Hcecmrkocmu
Xapaxmepuszyem makyice Gopmy KOHMAKmMa 8aionpogood ¢ emyakol nodwunuuka. IIpogeden cpasHumenbHulll AHAIU3
GIUSIHUSL  PACCMAMPUBAEMBIX NAPAMEMPO8  O0elO8YOHbIX NOOWUNHUKOS HA YUCTIEHHOEe 3HaAyYeHue Kodpouyuenma
JHrcecmKocmu.

KiawueBble clI0Ba: cy0oeoll 8aionpo6oo, pe3uHd, KanpojioH, Oeu08YOHbill NOOWUNHUK, KOdpuyuenm
JHCECMKOCTNUL, 3430, HAOEICHOCTb, PECYPC.
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A.A. KHALYAVKIN, V.A. GORDON, M.V. STARKOVA, V.V. BONDARENKO

EVALUATION OF THE INFLUENCE OF THE ELASTIC PROPERTIES
OF CAPROLONE STUDE BEARINGS ON THE ANGLE OF CONTACT
WITH THE PROPELLER SHAFT

Abstract. In this paper, the shafting is considered, which is part of the propulsion system of the vessel It is noted
that the condition for the reliability of a ships shafting is the working condition of its stern tube bearings.1t is noted that
one of the common materials used for the manufacture of stern tube bearings is rubber and caprolon.lt is indicated that
caprolon itself'is a high molecular weight polycaproamide obtained by alkaline polymerization - caprolactam directly in
the mold for the product blank.The paper investigates the determination of the coefficient of rigidity of the stern tube
bearing, taking into account the wear and elastic properties of the bushings of the stern tube bearings themselves.The
obtained expression for determining the stiffness coefficient also characterizes the form of contact between the shafting
and the bearing sleeve.A comparative analysis of the influence of the considered parameters of stern tube bearings on
the numerical value of the stiffness coefficient is carried out.

Keywords: ship shafting, rubber, caprolon, stern tube bearing, stiffness coefficient, clearance, reliability,
service life.
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VJIK 621.7.01

C.M. BPATAH, A.O. XAPYEHKO, J.A. JILICEHKO

OBECHEYEHUE CTABMJIBHOCTHU OBPABOTKHM INIOBEPXHOCTEN
HA OIIEPAIUAX KPYIJIOT'O HAPY?KHOI'O IIVIM®OBAHUA
C HO3ULIU CUCTEMHOI'O AHAJIU3A

AHHOTanMsl. B cmamve ¢ nO3uyull CUCMEMHO20 AHANU3A ONEPAYUsl WIUDOBAHUS DACCMOMPEHA KAK
OUHAMUYECKAsL CUCMEMA, BbISIGIEHbl  NPUYUHbL  HECMAOULLHO20 (DYHKYUOHUPOBAHUSL MEXHOLO2UYECKUX CUCTEM
abpasusHoli 06PaAbOMKU HA NPUMepe ONEPAyUL KPY2lio20 HAPYICHO20 wiiugosanus. Bvldenenvt u paccmompenul 21agHble
noocucmemvl: «llpoyecc pezanusy, « Texnonoeuueckasn cucmemar u « Buewnsisi cpeda». B cmamve npusedeno onucanue
Habopog 6x0008 U B6bIX0008 ONsl 6cex noocucmem. Jlano opmarusosannoe npeocmasienue noeoeHuUs.
MEXHON02UHECKO20 NPOYecca Kpyano2o HaApysICHo2o waugosanus. B xode anaiuza ycmanosneno, 4mo cmabuibHoChb
napamempos Kauecmed no8epXHOCMel npu YUCmoOBOM U MOHKOM WAUDOSAHUU 3A8UCUN OM USMEHEHUs (aKmMmu4ecKkoll
2NYOUHBL MUKPOPE3aHUsl, KOMOPAs SGIAEMCs OUHAMUYECKUM 36EHOM MENCOY DEeNCUMAMU De3aHusi U Kaiecmeom
obpabomannou nosepxnocmu. Ilpuseden ananumuyeckuil 661600 YPAGHEHUsL, XAPAKMEPUIVIOWe20 OANAHC NepemeueHul
6 MEXHONL02UHECKOU CUCIeMe ONepayuil Kpy2io2o Hapyicho2o unugosanus. Iokazano, wmo npu wnugosanuu seiuiuna
NONePeyHoll nooauu pacxooyemcss HA CYMMY HPUPQUEHUIl YNpyeux u meMnepamypuvix 3¢pgexmos, mexyuuil
PAOUATLHBLL USHOC UHCIPYMEHMA, NPeouecmeyIiomull paoudibHblll CbeM MAmepuana u npupaujenue Gakxmuyeckou
enyounvl pesanus. s pewenus ypasHenus 0Oaniauca nepemewjeHull HeoOXo0O0uMbl KOHKPEemHbvle MOOelU 6cex
napamempos, 6xo0suyux 6 eco cocmas. Ilonyuennvie Mooenu no360asmM NOCMPOUMb MEMOOUKY PACHema epAHUYHbIX
yuxnos. Jns pewienus smotl 3a0a4u maxice HeoOXo0umMo CHOPMUposams mexHuvecKue O0ZpanuyeHus u 6vlopamo
Kpumepuil onmumuzayuy. /s Oanvheliuezo co8epueHcmeosans aiopummos YnpasieHuss npoyeccom Heobxo0uMo
nPpUMEHEHUe CUCTEM C 0OPAMHOUL C8513bI0, NO3BOISIOUUX OCYUWECMEISMb HENPEPLLEHYIO OYEHKY NAPAMEmpPO8 COCMOSHUSL
MEXHON02UHECKOU CUCMEMbL 68 PedlbHOM Macumabe 8peMeHu ONMUMAIbHLIM 00pPA30M, d HA OCHO8E IMOU OYEHKU
Gopmuposams ynpasnsiowue 6030elUcmeust, CmabuIu3upyiowue ompabomky paHULHbIX MPAeKmMOoPUiL.

KawueBble coBa: cmabunvnocms, napamempsl Kauecmed, wiaug)o8anue, CUCeMHbIL AHATU3, 8O3MYUWEHUs,
cucmembvi ¢ 0OPAMHOU C8A3b10, 2PAHUYHBLE YUKIBI, OANAHC nepemeuyenuil.
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S.M. BRATAN, A.O. KHARCHENKO, D.A. LYSENKO

ENSURING THE STABILITY OF SURFACE TREATMENT IN ROUND
EXTERNAL GRINDING OPERATIONS FROM THE STANDPOINT
OF SYSTEM ANALYSIS

Abstract. In the article, from the standpoint of system analysis, the grinding operation is considered as a
dynamic system, the reasons for the unstable functioning of technological systems of abrasive processing are identified
using the example of an external circular grinding operation. The main subsystems are singled out and considered:
"Cutting process", "Technological system" and "Environment". The article describes the sets of inputs and outputs for all
subsystems A formalized representation of the behavior of the technological process of circular external grinding is given.
In the course of the analysis, it was found that the stability of surface quality parameters during fine and fine grinding
depends on changes in the actual depth of microcutting, which is a dynamic link between cutting conditions and the
quality of the machined surface. An analytical derivation of the equation characterizing the balance of displacements in
the technological system of the operation of circular external grinding is given. It is shown that during grinding, the value
of the transverse feed is spent on the sum of the increments of elastic and thermal effects, the current radial wear of the
tool, the previous radial material removal and the increment of the actual depth of cut. To solve the displacement balance
equation, specific models of all the parameters included in it are needed. The resulting models will make it possible to
construct a method for calculating boundary cycles. To solve this problem, it is also necessary to form technical
constraints and select an optimization criterion. For further improvement of process control algorithms, it is necessary
to use feedback systems, that allow continuous assessment of the parameters of the state of the technological system in
real time in an optimal way, and on the basis of this assessment, form control actions that stabilize the development of
boundary trajectories.

Keywords: stability, quality parameters, grinding, system analysis, disturbances, feedback systems, boundary
cycles, displacement balance.
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A.IT. BACIOTEHKO, H.A. BAJTAKUHA

NCCIEAOBAHUE TEIIVIOBOI'O PEXKUMA PABOTHBI
TEXHOJIOI'MYECKOI'O MOAYJISA IVIM®OBAHUA

AHHOTaNMsl. B cmamoee paccmampusaemesi mexHoi02U4ecKuil pooomusupo8antvill MoOyb, GKIIOUAIOWUL 6
cebsl wWaUPOoBANLHBIL CMAHOK, USMEPUMETbHOE YCMPOUCMBO, 3A2PY30UHbIU, NPUEMHBII JOMKU U MAHURYIAMOP,
OCYUeCMBIAIOWULL MPAHCTIOPMUPOBAHUE Oemaieli 6HYmpUu MeXHOI0ZUYecko2o0 Mooyis. Ilpusedenvl meopemuueckoe
onucanue npoyecca nazpesa o6pabamvleaemMvix 0emaiell 8 3a8UCUMOCIU OM GPeMeHU 00paboOmKYU U memMnepamypbl
oxnaxcoaiowell HCUOKOCU, Pe3yibmamvl MOOeIUPOBAHUe mMemMnepamypsvl Oemanell Npu pa3iuyHbX COYemaHusix
ucxoouwix Oannvix. Ilonyuennvie 3a8UCUMOCTU UCNOAL3YIOMCS Ol paAcHema U 86e0eHUss NONPAGKU 6 pe3ylibmam
usmMepenus pazmepa 06pabamvléaeMoli NOGEPXHOCIMU OEMAiU C Yeablo KOMREHCAYUU MeMNepamypHoil CoOCmasisoujel
NO2PEULHOCTIU UBMEPEHUSL.

KawueBble ciaoBa: wiugosanivHblii CMAHOK, NpudOp, OXAAANCOAOWAS  IHCUOKOCMb, MEMNEPAMYPHAL
depopmayus, nacpes demanu, NOOHANAOKA, UMepenue.

CIIUCOK JIMTEPATYPbI

1. Ilenp E.M. AKTHBHBII KOHTpOJIb B MariHocTpoeHny: CripaBounuk / Mocksa, MatrHocTpoenue, 1978/ — 352 c.

2. TIpubopsl aBTOMaTHYECKOTO KOHTPOJISI M YNpaBJIeHUs B MalIMHOCTpoeHUH: yued. mocobue /B.I1. Jleraes;
Bnanum. roc. yH-T. — Bragumup: M3n-so Bnaguwm. roc. yn-ta, 2009. — 123 c.

3. ABTOMaTHYECKHI pa3MepHBIA KOHTPOJIb Ha METAJUIOPEKYMUX ctankax: M.M. Otunrop — M.: AIIP, 2016. —
336 c.

4. PesnukoB A.H. Temmodusnka mporieccoB MexaHmdeckoi oOpabotku matepuanos/ A.H. Pesnukon. — M.:
MammunocTpoenue, 1981. — 279 c.

Ne 1 (357) 2023 27




MalHPlHOCTPOI/ITeJ'IbHLIe TCXHOJIOT'MHU U 060pyz[03alme

5.Bacun C.A. Pe3anue matepuanos. TepMoMexaHMYECKHH MOAXOJ K CUCTEME B3aUMOCBS3EN NPU PE3aHUU:
yueOnuk 11 By3oB/ C.A. Bacun, A.C. Bepemaka, B.C. Kymaup. — M.: MI'TY um. H.D. Baymana, 2001. — 448 c.

6. Cumma C.C. Bamanc MexaHWYeCKOH M TEIUIOBOW SHEPTH M KPUTSPUH TOAOOHS MPH IDIOCKOM IUTH(OBaHUHN/
C.C. Cunun, U.H. Prixynos// HoBsle MeToBI OTIpenenieHns 00padaTbIBaeMOCTH MaTepraa pe3aHueM U IUIH(OBAHUEM:
¢6. tpynos AIMNMuPATU. Spocnasns, 19758. Bem. 3. C.122-133.

7.Cunssun ['"M. TermmooOMeH mnpu BHYTpeHHEM HIIM(OBAHUM M3JETMH K3 BBICOKOIPOYHOM cramu/
I''M. CunsiBun, lO.U. BanoB wu 1p./ Amnvotamus noknanoB IV BcecorosHoit konpepenimu «Termiodpusuka
TEXHOJIOTHUECKUX MporieccoB». TompaTTH, 1976. C. 88.

8. CumnaiinoB B.A. TemnoBble mnporeccsl NpH HUIM(POBAHMM M YIPaBICHHWE KauyeCTBOM IOBEPXHOCTH/
B.A. Cumaiinos. — M.: MammHocTpoenue, 1978. — 167 c.

Bacwrenko Asexcanap IlaBioBuyu Bbanakuna Haranbsa AHaTosibeBHA

OI'AOY BO CeBacTonoibckuii TOCYIapCTBEHHBIN OI'AOY BO CeBacTonoiabcKuii TOCYIapCTBEHHBIN
yHHBepcureT, T. CeBacTomnons yHHBepcuTeT, T. CeBacTonons

KargunaTt TeXHUYeCKHUX HayK, JOIEHT, HOUeHT Kadenpsl  Crapmmii npenonasartens kadenpsr [IpubopHbie
[IpubopHbIe cCTEMBI U aBTOMATH3ALHS CHCTEMBI U aBTOMATU3aIHsI TEXHOJIOTHYECKUX
TEXHOJIOTHYECKHX MPOLIECCOB MPOLIECCOB

299053, r. CeBacTormnouib, ya. YHUBEpCUTEeTCKas, 33 299053, r. CeBacTomnodb, yi1. YHUBepcuTeTcKas, 33
Ten. (8692) 55-00-77 Ten. (8692) 55-00-77

E—mail: NABalakina@sevsu.ru

A.P. VASYUTENKO, N.A. BALAKINA

INVESTIGATION OF THE THERMAL MODE OF OPERATION
TECHNOLOGICAL MODULE OF INTERNAL GRINDING

Abstract. The article discusses the technological robotic module, which includes an internal grinding machine
of the measuring device, loading and receiving trays and a manipulator that transports parts inside the technological
module. A theoretical description of the heating process of the processed parts from the processing time and the
temperature of the coolant is given, the results of modeling the temperature of the parts with different combinations of
initial data. The obtained dependences are used to calculate and correct the result of measuring the size of the workpiece
surface to compensate for the temperature component of the measurement error.

Keywords: Internal grinding machine, device, coolant, temperature deformation, heating of the part,
adjustment, measurement.
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A.O. XAPYEHKO, E.A. BJJAIELIKAZ, B.O. JIA3YTK1H

IMPOT'PECCUBHBIE CIIOCOBbI M3IOTOBJIEHUSI PABOUYEN YACTH
INIACTUYECKHA JEQ@OPMUPYIOIIUX METYUUKOB

AHHOTanMsl. B cmamve npedcmasnenvl pe3yIbmMamvl UCCICO06AHUL 6 HANPABIEHUU NOBbIUCHUSA
aghpexmusnocmu npoyecca u3eomogieHus paboyeli Yacmu MeIKOPaMepHbIX NIACTUYECKU 0ehOPMUPYIOUUX MEMYUKOS
(I1IM). OcrosHotl npuyuHoll, cOepiacUsalouiels WUPoOKoe GHeOPeHUe Memood NiIACMuiecko 0eropmayui Oist NOTYYEHUs.
GHYMPEHHUX Pe3bh MAAbIX OUAMEMPO8s, S6ISLeMcst OelcmBYIowas MeXHOI02Usl U320MOGIeHUsl pe3bh08020 NPopus Ha
Memuuxax, Komopas e ece20a oOecneyusaem HOPMAMUEHYI0 CMOUKOCHb UHCMPYMEHMA U KAYyecmeo NOAyYAeMblX
sHympenHux pesvo. Llenvio pabombi signsiemcs 060CHOGAHUE U pA3GUMUE NePCREKMUBHBIX NPOYECCO8 U320MOBNIEeHUs.
MEMYUKO8 HA OCHOBE NPOSPECCUBHBIX CNOC0008 Gopmuposanus ux paboyei yacmu. B amoil ces3u yenecooopasHo
paccmompenue HO8bIX NPOYECCO8 POPMOOOPAZ0BAHUSL U 3AMbLIOGAHUS. Pe3b0bl HA PAbOYell NOBEPXHOCIMU MEMYUKOE,
8bIPAOOMKA PEKOMEHOAYUIl NO NPUMEHEHUIO NPOSPECCUBHbIX CHOCOO08 ONsi UX Peamu3ayuu ¢ YYyemom Onvimd,
HAKONIEHHO20 UCCe008AMENIMU U pA3pabomyuKamu 6 smoi oonacmu. B cmamve paccmompenut u npoananuzuposamsi
cnocobwl hopmuposanus pabouei yacmu II/[M nymem npedsapumenvho2o npouiauposanus 3a20moseKu ¢ NoIyyenuem
Ha eé 00oKo60l noGepXHOCMU pelveda U NOCAeOYIue20 NPOPUIUPOBAHUS PAOUATLHBIM O00ICUMOM NOLYYEHHOU
3a20MOGKU NO JOKATbHBIM yuacmKam. Taxoice npedycmampueaemcs 6apuanm npu npeosapumenbHom npopuiuposanuu
ocywecmeneHust (PopmMuposanust pe3vbvl no 6celi NoGepxHocmu pabouell 4acmu 3a20MmOGKU U NOCAEOYIOue2o
npogunuposanus ¢ obicamuem no Yu4acmram, COOMEEMCMEYIOUWUM 8 20MOBOM COCMOHUU 0e3Pe3bO06bIM 30HAM.
Ananuz u paspabomka npocpeccusHvix Cnocobo8 uzeomosieHuss pabodell yacmu NIACMUYECKU OepopMUpyIOuuUx
MEMUUKO8 NO36OISIOM NOBICUMb IDPPeKmUsHOCmb 00pAbOMKYU GHYMPEHHEN MEeIKOPAIMEPHOL pe3b0bl 8 0emasx U3
ANIOMUHUEBBIX, YUHKOBLIX, MEOHbIX CHIAA608, KOHCMPYKYUOHHLIX CMALel U MUmanosvlx cniagos. Ilpu smom
MPYOOEMKOCHIb U320MOGIEHUSL CYWECTNBEHHO HUDJICe, YeM N0 MPAOUYUOHHOU MEXHOL02UlU, CHOUMOCHbL NPUMEPHO HA
NOPSIOOK MEeHble CIOUMOCHU MEMYUKO8 CO WIUDOBAHHBIM pe3b008bIM npopuiem, a cmotikocms — boee, yem 6 2 pasa
sbluLe.

KiroueBble caoBa: menxopasmephas pe3vboodpabomka, HApysCHAs pe3vda, pabouas 4acmv NAACTIUYECKU
dehopmupyowux MemuuKo8, HAKaAMvleaHUe HAPYIHCHBIX Pe3bh, cnocob Gopmuposanus paboyeti yacmu, 3amuliyoujee
deghopmuposanue mampuyeil u nyaHCOHOM.
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A.O. KHARCHENKO, E.A. VLADETSKAYA, V.O. LAZUTKIN

PROGRESSIVE METHODS FOR MANUFACTURING THE WORKING
PART OF PLASTICALLY DEFORMING TAPS

Abstract. The article presents the results of research in the direction of increasing the efficiency of the process
of manufacturing the working part of small-sized plastically deforming taps (PDT). The main reason hindering the
widespread introduction of the plastic deformation method for obtaining internal threads of small diameters is the current
technology for manufacturing a threaded profile on taps, which does not always provide standard tool life and the quality
of the resulting internal threads. The purpose of the work is to substantiate and develop promising processes for the
manufacture of taps based on progressive methods for forming their working part. In this regard, it is advisable to
consider new processes of shaping and backing threads on the working surface of taps, developing recommendations for
the use of progressive methods for their implementation, taking into account the experience gained by researchers and
developers in this field. The article considers and analyzes the ways of forming the working part of the LDM by
preliminary profiling the workpiece with obtaining a relief on its side surface and subsequent profiling the resulting
workpiece by radial crimping in local areas. An option is also provided for the preliminary profiling of the implementation
of the formation of threads over the entire surface of the working part of the workpiece and subsequent profiling with
compression in areas corresponding to the finished state of the threadless zones. Analysis and development of advanced
methods for manufacturing the working part of plastically deforming taps can improve the efficiency of processing small-
sized internal threads in parts made of aluminum, zinc, copper alloys, structural steels and titanium alloys. At the same
time, the labor intensity of manufacturing is significantly lower than by traditional technology, the cost is approximately
an order of magnitude less than the cost of taps with a ground threaded profile, and durability is more than 2 times
higher.

Keywords: small-size threading, external thread, working part of plastically deforming taps, rolling of external
threads, method of forming the working part, backing deformation by a matrix and a punch.
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E.B. TJIVIIIKOBA

IMPOIHO3UPOBAHUE PABOTOCIIOCOBHOCTHU OBBLEKTOB
MAHIINHOCTPOEHUSA U TEXHOJIOI'MM EE TIOBBIINEHUA

AnHOTauusa. Omcymcmeue npoooabHOU 2ePMEeMUYHOCIU KADEIbHbIX U30eAUl, UCHOIb3YeMbIX HA 00bEeKMax u
COOPYIHCEHUAX MAUWUHOCTNPOEHUSI RPUBOOUNL K PACHPOCIPAHEHUIO NO KADENSAM 800bl, 2A308030VUIHOU CMECU NPU HATUYUU
oasxce camoco He3HAYUMeNbHO20 Nnepenaca OdleHUul MedxHcoy OKOHYEeBAHUAMU KaOenbHO20 U30enus, 6bi36AHHO20
pabomou cucmemvl GEHMUIAYUU UIU CHEYUDUKOU NOMewjeHUs, 8 KOMOPOM NOOOEPICUBACMCI PA3PSIICEHUEe UNU
U3OBIMOUHOE OAGIEHUL, 4 MAKICE U3 AGAPULIHBIX NOMEUJCHUTI 8 CMEMNCHBLE. DMO NPUBOOUN K CHUINICEHUIO CONPOMUBILEHUS.
usonAyuu Kabeneil, 603HUKHOBEHUID MpeK-3(hekmos u, KaK ciedcmeue, K COKPAUWEHUr0 CPOKos CrydicoOwl Kabenell, a
mMakdice K KOPOMKUM 3aMbIKAHUsAM U noodicapam. IlIpednazaemvie cnocobbi 4acmuyHOl U NOAHOU 2epMemu3ayuu
(cepmemu3zayuu OKOHYeB8aHUll) KabeabHblx uz0enuil, He 001a0arwux NPOOOIbHOU 2EPMEMUUHOCIbIO, 3AKIIYAIOMCS 6
3ANOIHEHUU MENCNPOBOTOUHO20 NPOCPAHCIMEA BEUeCMEAMU, NPENIMCMEYIOUWUMU PACIPOCMPAHEHUI0 8 NPOOOIbHOM
Hanpagnenuu 2az08030ywHol cpedvl. Cnocobbl KOHCMPYKMUBHO RPOCHIbL, HAOENHCHbI U NO360SAI0M 3HAYUMENbHO
VEeIUUUMb CPOK CYAHCOb KADETbHBIX U30eNUll, CHUZUMb ABAPUIHOCMb DEKMPOIHEPEMULECKUX CUCTIEM, cemell C6s3U
U Ynpaenenust, NOGbICUMb HAOENCHOCMb 2ePMeMU3AYUU oMU eHUL.

KawueBble cioBa: 06vekmvl MAWUHOCMPOCHUS, NPOSHOZUPOBAHUE PAOOMOCNOCOOHOCMY, U30enus U
COOPYIHCEHUS, MEXHOLO2UU.
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E.V. GLUSHKOVA

FORECASTING THE OPERABILITY OF MECHANICAL ENGINEERING
FACILITIES AND TECHNOLOGY FOR ITS IMPROVEMENT

Abstract. The lack of longitudinal tightness of cable products used at engineering facilities and structures leads
to the spread of water, gas-air mixture through cables in the presence of even the smallest pressure drop between the
ends of the cable product caused by the operation of the ventilation system or the specifics of the room in which the
discharge or overpressure is maintained, as well as from emergency rooms to adjacent ones. This leads to a decrease in
the insulation resistance of cables, the occurrence of track effects and, as a result, to a reduction in the service life of
cables, as well as to short circuits and fires. The proposed methods of partial and complete sealing (sealing of the ends)
of cable products that do not have longitudinal tightness consist in filling the inter-wire space with substances that prevent
the propagation of the gas-air medium in the longitudinal direction. The methods are structurally simple, reliable and
can significantly increase the service life of cable products, reduce the accident rate of electric power systems,
communication and control networks, and increase the reliability of room sealing.

Keywords: mechanical engineering objects, performance forecasting, products and structures, technologies.
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JA.B. IIIYTHUH, A.B. CbITUH, N.H. CTEBAKOB, M.I'. IUTOBYEHKO

PACIIO3HABAHUE KJIACCOB TPAEKTOPUI JIBUKEHHUSI POTOPA
HA OIIOPAX )KUJAKOCTHOI'O TPEHUS
HA OCHOBE UCKYCCTBEHHOM HEMPOHHOM CETH

AnHotanust. Cmamusa noceéawena peuwleHuio 3a0avu Kiaccugurayuu mpaekmopuil 08udiceHus pomopa 8
PAOUATILHBIX ONOPAX HCUOKOCHIHO20 MPEHUS € UCNONb30BAHUEM MAWUHHO20 00YYeHUs. DKCREPUMEHMANbHO NOTYYEeHHbLe
Mpaexmopuu pomopa npeosapumenvHo Ovliu paz0eieHbl HA Mmpu KIACca: 2apMOHUYecKue, NOAUSAPMOHUYECKUe U
xaomuueckue. Bolopannvle Knaccbl ompasxcaiom 8bipaxceHHOCMb HeIUHEHbIX C8OUCE CMA30YHO20 COS NOOUUNHUKO
CKOMbICEHUS U YCMOUYUBOCTIL OBUNCEHUSL pOmopa 8 Hux. Pasmeuennvie dannvie 6blnu pazoenenvl Ha NOOMHONCECMEA
01 00yUeHUs U Mmecmupo8aHuUsi MOOeU HA OCHO8e NOIHOCEBA3HOU ucKyccmeenHol netiponnou cemu (MHC). Iloo6bop
2UNEPRapamempos Memood NO360aUIL NOIYYUNMb MOYHOCMb pacno3Hasanus 98 npoyenmos. Paspabomannas memoouxa
nos3gonsem  €o30a6amsb  MOOYIU — PACNO3ZHABAHUA — KIACCO8 MPAeKMOopuil Onad NpuMeHeHus 8 npoyeoypax
nApamempuiecko20 CUHmMe3a Onop HCUOKOCMHO20 MPEHUS.

KiloueBble cj10Ba: uckyccmeennvie HeUpouHvle cemu, KiacCuukayus, Memoobl UCKYCCTNBEHHO20
UHmMeneKma, onopbl HUOKOCMHO20 MPeHUsl, pPOMOPHA OUHAMUKA, HeuHeliHble KONeOaHUs.
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D.V. SHUTIN, A.V. SYTIN, ILN. STEBAKOV, M.G. LITOVCHENKO

RECOGNITION OF CLASSES OF ROTOR MOTION TRAJECTORIES
ON FLUID FILM BEARINGS USING ARTIFICIAL NEURAL NETWORKS

Abstract. The article is devoted to solving the problem of classifying the trajectories of the rotor in radial fluid
film bearings using machine learning techniques. The experimentally obtained rotor trajectories were divided into three
classes: harmonic, polyharmonic, and chaotic. The selected classes reflect the severity of the nonlinear properties of the
lubricating layer of fluid film bearings and the stability of the rotor motion in them. The marked-up data were divided
into subsets for training and testing a model based on a fully connected artificial neural network (ANN). The selection of
hyperparameters of the method allowed to obtain recognition accuracy of 98 percent. The developed technique makes it
possible to create modules for recognizing classes of trajectories for use in parametric synthesis procedures of fluid film
bearings.

Keywords: artificial neural networks, classification, artificial intelligence methods, fluid film bearings, rotor
dynamics, nonlinear oscillations.
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AHHOTanMsl. B cmamve npeocmagieHo OnUcanue G03MONCHOCMU OYEHKU MEXHUYEeCKO20 COCMOAHUSA
NOOWUNHUKOB CKONbIICEHUS HCUOKOCIMHO20 MPEHUs @ pedcume peanvrozo epemenu. Ilpuseden psao KOHCMPYKMOPCKUX U
MEXHON02UHeCKUX peuleHull 0N GONJOWeHUs CNocobd OYeHKU MeXHUYecKo20 COCMOAHUA pabouell NO8epXHOCMU
NOOWUNHUKOG CKObIICeHUs. [N nposepKku OamuHblX MeXHUYeCKux peuleHuti Ovil paspadomarn 3CKU3HGIL NPOEKM,
nposedenbl pacuemyl, 8bINOJIHEHA KOMNOHOBKA U pa3pabomana KOHCMpPpYKmMopcKas 00KYMeHmayus, Ha 0CHO8e KOMOpoll
ObLIa  CNpOEKMUposana  IKCHepUMeHmanvHas — ycmauoska. Ilpedcmagnenvr  pe3ynbmamel  9KCHEPUMEHMOS,
nOOMEEPAHCOAOUUX NPASUTLHOCHb NPUHAMBIX peutenull. [anbl pexomenoayuu no OdanvHeuuiemy passumuio OYeHKu
MEeXHUYECKO20 COCMOAHUA NOOUUNHUKOB CKOJIbIHCEHUS HCUOKOCTNHOZ0 TMPEHUS.

KitoueBble ¢10Ba: nOOWUNHUK CKOTbICEHUSA, KOHMPOIb, MeXHUYecKoe COCMOosAHUe, mpeHue, UsMepumensHas
cucmema.
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AY.RODICHEV, D.V. SHUTIN, L.A. SAVIN, A.V. GORIN, L.V. RODICHEVA, K.V. VASILIEV

EVALUATION OF THE TECHNICAL CONDITION OF SLIDING
BEARINGS FOR PREDICTIVE ANALYTICS SYSTEMS

Abstract. The article describes the possibility of assessing the technical condition of liquid friction sliding
bearings in real time. A number of design and technological solutions for the implementation of a method for assessing
the technical condition of the working surface of sliding bearings are given. To verify these technical solutions, a
preliminary design was developed, calculations were carried out, the layout was completed and design documentation
was developed, on the basis of which the experimental installation was designed. The results of experiments confirming
the correctness of the decisions made are presented. Recommendations are given for the further development of the
assessment of the technical condition of liquid friction sliding bearings.

Keywords: sliding bearing, control, technical condition, friction, measuring system.
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AHAJIN3 SKCIIEPUMEHTAJIBHBIX UCCJIEJOBAHUN
AKTUBHOM KOMBUHUPOBAHHOM ONOPLI POTOPA

AHHOTAUMA. B cmamve npedcmagnien  anHamu3  IKCHEPUMEHMATbHBIX — UCCIe008AHULl  aAKMUBHOU
KOMOUHUPOBAHHOU onopvl pomopa. Ilokaszana memoouxa nposedenus IKCHepUMEeHmMAanIbHblX UCCIe008aHUL AKIMUBHOU
KOMOUHUpoBanHol onopevl pomopa. Ilpednodicena mamemamuueckas MOOenb GbINOIAHEHHO20 MHO20PAKMOPHO2O
akcnepumenma. Ilonyuenvl pazeepmiu KONeOAHUN POMOPA C HANONCEHUEM NO BPEMEHU CUSHAala ¢ YOapHo2o
6030eticmesusi. [Ipedcmasnenvt cucmozpammuvl U NOAUSOHA PACHPEOENeHUs. 3HAYEHUL IKCNEPUMEHMATbHBIX OAHHBIX.
THonyuenvr 3a8ucumocmu  U3MEHEHUs. HCECMKOCU U O0eMAPUPOBAHUST AKMUBHOU KOMOUHUPOBAHHOU ONOPbl 6
3A6UCUMOCU OM HOOABAEMO20 HANPSIJICEHUS. HA DNEeKMpoMacHUmHble Kamywku. [Ipusedensl mpaexmopuu O8UdlCeHUs
pomopa 6 aKmueHOU KOMOUHUPOBAHHOU onope. [lanbl peKxoMenoayuu no OalbHeuueMy U3VYeHUI0 U NPUMEHEHUIO
AKMUBHBIX KOMOUHUPOBAHHBIX ONOP POMOPOS.

KaroueBble clIOBa: ananus, IKCHEPUMEHM, NOOWUNHUK — CKOAbIICEHUS, — PONOPHO-ONOPHBIUL  V3ell;
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M.E. BONDARENKO, R.N. POLYAKOV, M.A. TOKMAKOVA, A.D. SEREBRENNIKOV

ANALYSIS OF EXPERIMENTAL STUDIES
ACTIVE COMBINED ROTOR SUPPORT

Abstract. The article presents an analysis of experimental studies of an active combined rotor support. The
method of conducting experimental studies of an active combined rotor support is shown. A mathematical model of the
performed multifactorial experiment is proposed. The scans of the rotor oscillations with the time overlap of the signal
from the impact are obtained. Histograms and polygons of the distribution of experimental data values are presented.
Dependences of changes in stiffness and damping of the active combined support depending on the applied voltage to the
electromagnetic coil are obtained. The trajectories of the rotor movement in the active combined support are given.
Recommendations for further study and application of active combined rotor supports are given.

Keywords: analysis, experiment, sliding bearing, rotary support unit; combined support, active control, damping.
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[IPUBOPbLI, BUOTEXHUYECKUE CUCTEMbI
N TEXHOJIO nH

YK 535.361+004.94 DOI: 10.33979/2073-7408-2023-357-1-140-147

E.B. XAPKUX

MOJEJIHUPOBAHUE TUATHOCTHYECKOI'O OBBbEMA
JJIA HOPTATUBHOI'O YCTPOUCTBA
JIABEPHOMU JOINIIVIEPOBCKOU ®JIOYMETPUU

AHHOTAUHMsA. B pabome onucvieaemces npoyecc u pe3yibmamsl YUCIEHHO20 MOOeIUPO8anus memooom Moume-
Kapno pacnpocmpanenuss onmuuecko2o uziyyenus 6 Kawaie 1a3eprol 0ONnieposckoll (hroymempuu nopmamueHo2o
Juaznocmuyecko2o ycmpoucmeda. Pacnpocmpanenie onmuuecko20 usiyueHust MOOeIUpo8aioCh 8 MHO20CIOUHOU MOOeNU
KOJICU O8YX MUNOS, OMAUHAIOUUXCS CIIPYKIMYPHLIMU U DYHKYUOHATLHBIMU OCOOEHHOCMAMU (21A0KAsL U He2Na0KAs.
Kodica). M3yuena 2nyOuna npoHUKHOBEHUs 30HOUPYIOUe20 ULyYeHUs: 05t AHATUZUPYEeMOT KOHpU2Ypayuu nOpmamueHo20
YCmpoUucmea 1a3epHoll OONNAEePOSCKOU (DIOyMempuy ¢ Y4emom pasiudarouuxcs aHamoMui4eckux o0cobeHnocmell
uccnedyemvlx buonocuveckux mxauei. Ilonyuennvie pesynvmamvl HO3601510M 0OOCHOBAMb CHEYUATUSUPOBAHHBIE
MeOuKo-mexHuyeckue mpebosanus K NOPMAmMuSHbIM YCMPOUCMEam, pearusyromum mMemoo i1a3epHoli OONnIeposCKol
@roymempuu 6e3 npumenenuss ONMUYECKUX GOJIOKOH.

KarwueBble c10Ba: iazepHas 00nnieposckas (roymempus, onmuieckue ceoticmea, moodenupoganue Moume-
Kapno, nopmamusnule ycmpoiicmea, MeOuxo-mexnHuyeckue mpedosanusl.

Paboma evinonnena npu punancosoit noodepicke Poccuiickozo nayunozo gponoa (npoexm Ne 23-25-00522).

CIIMCOK JIMTEPATYPBbI

1. Kpynatkun, A.M. ®yHKIuoHalbHAs AUArHOCTUKA COCTOSIHHUSI MUKPOLUPKYJISATOPHO-TKAHEBBIX CHUCTEM:
Konebanust, nadopManus, HeMMHEHHOCTh. PykoBocTBO 1t Bpauei. U3n. 2-e. [Texer]/ A.W. Kpynatkus, B.B. Cugopos
—M.: JJEHAH/, 2016. — 496 c.



2. lynaeB, A.B. MynsTuMonaibHas ONTHYECKas JHArHOCTUKA MHKPOLMPKYJISATOPHO-TKAaHEBBIX CHCTEM
opranuzma uenoseka: MoHorpadus [Texct] / A.B. lynaes. — Crapsiit Ockon: THT, 2022. — 440 c.: u.

3. Dremin, V. Multimodal optical measurement for study of lower limb tissue viability in patients with
diabetesmellitus [Text] / V. Dremin, E. Zherebtsov, V. Sidorov, A. Krupatkin, I. Makovik, A. Zherebtsova, E. Zharkikh,
E. Potapova, A. Dunaev, A. Doronin, A. Bykov, 1. Rafailov, K. Litvinova, S. Sokolovski, E. Rafailov // Journal of
Biomedical Optics, 2017. Vol. 22(8). P. 085003.

4. Zherebtsova, A.I. Multimodal Optical Diagnostics of the Microhaemodynamics in Upper and Lower Limbs
[Text] / A.L. Zherebtsova, V.V. Dremin, I.N. Makovik, E.A. Zherebtsov, A.V. Dunaev, A. Goltsov, S.G. Sokolovski, E.U.
Rafailov // Frontiers in Physiology, 2019. Vol. 10. P. 416.

5. Cupnopos, B.B. Cucrema NOKaJdbHBIX aHAJIM3aTOPOB IUII HEWHBA3WBHOW IHArHOCTHUKH OOIETO COCTOSHHS
KOMIIapTMEHTOB MHKPOLHPKYJLITOPHO-TKAaHEBOW cHCTeMBbI Koxku denoseka [Tekct] / B.B. Cumopos, 0.JI. Prr6axos,
B.M. I'ykacos, I'.C. EBrymenko // MeauunHckas Texauka, 2022. T. 55, Ne 6. C. 4-6.

6. lynaes, A.B. MeTozp! OnoMeIUIIMHCKOW ()OTOHUKH B PEIICHNH 3a1a4 quarHocTuky [Tekcr] / A.B. [lynaes,
E.B. Iloramnoga, }0.1. JloktroHoBa, E.O. bpsuckas, K.}O. Kanayposa, 1.H. HoBukosa // MenunuHckas Texauka, 2022.
T. 5(335). C. 27-31.

7. Jloktnonosa, IO.M. UccnenoBaHue BO3pacTHBIX M MAaTOJOTMYECKMX OCOOCHHOCTEH IapamMeTpoB
MHUKpPOTEMOJIMHAMUKH B HOPME M IpH CaxapHOM Juabere 2 THIa C MOMOILIbI0 HOCHMBIX JIa3€PHBIX JOMIUIEPOBCKHUX
¢dnoymerpor [Tekcr] / FO.U. Jloktronosa, E.B. Xapkux, A.M. XKepebrosa, N.0. Koznos, E.A. Xepeouos, I'.11.
Macansiruna, A.B. Jlynaes // @yHnamMeHTa bHBIE U NPUKIAAHBIC POOIEMbl TEXHUKH U TexHonoruu, 2019. Ne 6(338).
C. 131-137.

8. l'opmxos, A.IO. ITapamerpsl kKoXHOU Teppy3UH MO AAHHBIM JUCTAHIIMOHHOHN Ja3epHOW JOMILICPOBCKON
(IIoyMeTpuu y MY>KYHH C BIICpBBIC BBIIBICHHOW apTepuansHoi runeptensueit [Texct] / A.FO. T'opmkos, A.W. Kopornes,
A.A. ®enopory, K.B. Omenbsnenko, B.A. Jlagaesa, O.M. [Ipankuna // Ilpodunaktimaeckas meautnaa, 2022. T. 25, No
5-2. C. 19-20.

9. ®enoposuy, A.A. HapymieHus MUKpOIMPKYJISATOPHOTO KPOBOTOKA B KOXKE MpEAIUICYbS B OCTPYIO (azy
COVID-19 no nmannbiM J1a3epHOi gommuiepoBckoit ¢uioymerpun [Teker] / A.A. Demoposuy, J[.C. Mapkos, M.B.
Mamumesckuii, O.0. FOnaxos, A.}O. I'opmikos, A.B. banaun, .M. XKyk, A.IO. Cnacenos, A.M. Kopones, A.B.
Konrenos, O.M. [Ipankuna // Pernonapaoe kpoBooOpaiienne u MUKpoImpKy s, 2022, T. 21. Ne 3(83). C. 56-63.

10. Saha, M. Wearable Laser Doppler Flowmetry Sensor: A Feasibility Study with Smoker and Non-Smoker
Volunteers [Text] / M. Saha, V.V. Dremin, L.E. Rafailov, A.V. Dunaev, S.V. Sokolovski, E.U. Rafailov // Biosensors,
2020. Vol. 10(12). P. 201.

11. XKapxux, E.B. KoHTpoIs TapaMeTpoB MUKPOIMPKYIISIIHA KPOBH IPH TEPAIHH adb(a-ITAIOEBOH KUCIOTOM
y manueHToB ¢ caxapHeiM nquadetom [Teker] / E.B. XKapkux, FO.U. Jloktnonosa, B.B. Cunopos, A.W. Kpymatkus, I'.1.
Macansirusa, A.B. Jynaes // @usnonorus genoBeka, 2022. T. 48, Ne 4. C. 120-130.

12. ®ponos, A.B. HccnenoBanue HU3MEHEHUH KOXKHOW MHUKPOLUMPKYJSLUUKM KPOBU TMpPHU BBIIOJHEHUU
IBIXaTeIbHOM TexHHUKH xaTxa-ioru [Tekct] / A.B. @ponos, FO.U. Jloktnonosa, E.B. XKapkux, B.B. Cugopos, A.1.
Kpymatkun, A.B. [lynaes // Pernonaproe kpoBooOpamienrne 1 Mukporupkysiaus, 2022. T. 20, Ne 4. C. 33-44.

13. ynaes, A.B. MeTtop! 1 npuOOpbl HEMHBa3WBHON MEIMIIMHCKON CIIEKTPO(OTOMETPHHU: TIyTH OOOCHO BAaHHMS
CHeLUaIM3uPOBaHHBIX MeINKO-TeXHn4Yeckux Tpedosanuii [Tekct] / A.B. lynaes, E.A. XKepeOuos, /I.A. Porartkun //
ITpubopsr, 2011. Ne. 1. C. 40-48.

14. Dunaev, A.V. Substantiation of medical and technical requirements for noninvasive spectrophotometric
diagnostic devices [Text] / A.V. Dunaev, E.A. Zherebtsov, D.A. Rogatkin, N.A. Stewart, S.G. Sokolovski, E.U. Rafailov
// Journal of Biomedical Optics, 2013. Vol 18(10). P. 107009.

15. Vestita, M. Anatomy and Physiology of the Skin [Text] / M. Vestita, P. Tedeschi, D. Bonamonte // Textbook
of Plastic and Reconstructive Surgery, 2022. — Springer, Cham. P. 3-13.

16. Poratkun, [I.A. Mertponorudeckoe oOecliedeHHEe METONOB W MPHOOPOB HEHMHBA3MBHON MEIHUIIMHCKOMN
criekrpotoromerpun [Teker] / JI.A. Poratkun, A.B. lynaes, JL.I'. Jlanaesa // Meanuunnckas texnuka, 2010. T. 2. C. 30-7.

17. Apémun, B.B. AHamutrdyeckuii 0630p MOIXOOB K MAaTEMAaTHYECCKOMY MOJICIIMPOBAHHIO (IyOpECUCHIINN
6nonornueckux tkanei [Texct] / B.B. [Ipémun // @yHnamMeHTanbHbIE U TPUKIIAJHbIE TPOOIEMbI TEXHUKH 1 TEXHOJIOTHH,
2016. Ne 6(320). C. 92-102.

18. ITymkapeBa, A.E. MeToasl MaTeMaTHYECKOTO MOJISIIMPOBAHHS B ONTHKE OMOTKaHU. YdeOHOe mocodue. —
CII6: CIIeI'Y UTMO, 2008. — 103 c.

19. Cloud based Monte Carlo tool for photon transport, www.biophotonics.fi. Accessed: 2022-11-14.

20. Dremin, V. Influence of blood pulsation on diagnostic volume in pulse oximetry and photoplethysmography
measurements [Text] / V. Dremin, E. Zherebtsov, A. Bykov, A. Popov, A. Doronin, I. Meglinski // Applied Optics, 2019.
Vol. 58(34). P. 9398-9405.

21. Doronin, A.V. Online Object Oriented Monte Carlo computational tool for the needs of biomedical optics
[Text] / A.V. Doronin, I.V. Meglinski // Biomedical Optics Express, 2011. Vol. 2(9). P. 2461-2469.

22. Jacques, S.L. Optical properties of biological tissues: a review [Text] / S.L. Jacques // Physics in Medicine
& Biology, 2013. Vol. 58, Ne 11. P. R37.

23. Vo-Dinh, Tuan, ed. Biomedical photonics handbook: biomedical diagnostics. CRC press, 2014.

Kapkux Enena BanepseBna

OpitoBckuii TocynapcTBeHHbIH yHUBepcuTeT nMeHu U.C. Typrenea, r. Opén, Poccust

actmpanT kKadenps! «[IpubopocTpoeHne, METPOIIOTHS B CePTUPHUKAIN», CTAKEP—HCCIIeT0BaTEeIh HAyIHO—
TEXHOJIOTUIECKOTO IEHTPA OMOMETUITTHCKOW (DOTOHUKH

Poccus, r. Opén, yn. Komcomounbckas, 95

Ne 1 (357) 2023 43




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

E-mail: ev.zharkikh@gmail.com

E.V. ZHARKIKH

SAMPLING VOLUME SIMULATION FOR A WEARABLE LASER
DOPPLER FLOWMETRY DEVICE

Abstract. This paper describes the process and results of numerical Monte Carlo simulation of optical radiation
propagation in laser Doppler flowmetry and fluorescence spectroscopy channels of a portable diagnostic device. Optical
radiation propagation was simulated in a multilayer skin model of two types differing in structural and functional
features. The penetration depth of probing radiation for the analyzed configuration of the portable laser Doppler
flowmetry device was studied taking into account the different anatomical features of the biological tissues. The results
obtained allow the formation of specialized medical and technical requirements for portable devices implementing laser
Doppler flowmetry and fluorescence spectroscopy channels.

Keywords: laser Doppler flowmetry, fluorescence spectroscopy, optical non-invasive diagnostics, optical
properties, Monte Carlo simulations, portable devices.
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PA3PABOTKA Y M3TOTOBJEHUE SKCIIEPUMEHTAJIBHOTO CTEHJIA
JUISI TECATYPALIMU JIBIXATEJBLHBIX )KUJIKOCTEM

AHHOTAamMs. B pabome paccmampusaromcs o0cobOeHHOCMU KOHCMPYKYUU U MEXHONO2UU U32OMOGIEeHU
CneyuanbHo2o 1abopamopHoco cmeHoa 07 YOAieHUsi PACMBOPEHHbIX 2A308 U3 ObIXAMEIbHbIX JHCUOKOCmeEl U cmecell
ONUCAHBL YIbMPA3BYKOBO, BAKYYMHbIU U MEMOPAHHBIL MemoObl Oecamypayuu (0e2azayui) ObIXameabHbIX HCUOKOCHEl.

KuroueBble clioBa: scudkocmuoe oOvixanue, 0e2azayusi, Yibmpassyk, 6aKyym, 6uooOwveKkmol, aspamop.
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YA.N. GAINULLINA, M.I. KALININ, P.K. SOPIN, V.A. TITKOV

DEVELOPMENT AND MANUFACTURE OF AN EXPERIMENTAL STAND
FOR DESATURATION OF RESPIRATORY FLUIDS

Abstract. The paper discusses the design features and manufacturing technology of a special laboratory stand
for the removal of dissolved gases from respiratory fluids and mixtures, describes ultrasonic, vacuum and membrane
methods of desaturation (degassing) of respiratory fluids.

Keywords: liquid respiration, degassing, ultrasound, vacuum, bio-objects, aerator.
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A.H. BAKJTAHOB

METO/ TOCJEJOBATEJBbHO-MAPAJLJIEJBHOM
PE3OHAHCHOM UJIEHTU®UKAILIUU RC IAPAMETPOB
TPAHC®OPMATOPHOI'O MACJIA

AnHoranusi. Cmamws noceésuwjena  paspabomke HOB020 Memodd NOCAe008AMENbHO-NAPALIENbHOU
PE30HAHCHOU UOeHMUpUKayul, nO3GOIOWUL ONpedeisims napamempsbl AKMUGHbIX U PEeaKmMUBHbIX 1eMEeHMO8,
8X005WUX 8 cocmag ucciedyemvix o0bvekmos. B kauecmee ucciedyemozo o0bvekma, agmopom cmamvl,
paccmampusaemcs mpaHc@opmamopHoe Macio, KOmopoe WUpoKo UCNOAb3YeNICs 8 MACIAHbIX mpancgopmamopax. J{ns
noomeepaicoeHus: pabomocnocoOHOCMU Memooa NPOBeOeH BbIYUCIUMENbHbII IKCNEPUMEHM N0 ONPeOeeHU0 eMKOCHU
U aKMUBHO20 CONPOMuUBLEeHUs NPoObL MPAHCHOPMAMOPHO20 MAcad 8 npoepammuom nakeme Micro-Cap. Ilpoeedennbiti
BLIYUCTIUMENIbHBIU IKCHEPUMEHM NOKA3AJ, YMO MemoOUdecKds NoSpeuHoCmy 3dsA681eHH020 N00Xo0d He npesviuidem
0,02%. [na peanusayuu uH@GOPMAYUOHHO-USMEPUMENbHOU CUCTEMbl, peanusyrouel Memoo Nocied08amenbHo-
NapanienbHol pe3oHAHCHOU UOSHMUPUKAYUY, NPEOSIONCEHO UCNOIb3068AMb KOMNIEKC cOopa u 00pabomxu OaHHbIX
National Instruments PXI ¢ ycmanognennvim npocpammuuim obecneyenuem National Instruments Labview u National
Instruments Multisim.

KoaioueBble cioBa: mpancgopmamop, mpancgopmamopnoe macio, uoenmugpuxayus, skcnepumenm, labview,
national instruments, microcap.

CIIMCOK JIMTEPATYPBI

1. Jlummmretin P.A., Hlaxaosra M.U. Tpanchopmaroproe macio. M.: DHeproaromusaar, 1983, 296 c.

2. Baimynnuaa JI.M., UnescoBa FO.K., Kosmor B.K. KadecTBeHHBIE METOIBI CHEKTPAIBLHOTO aHAIH3a B
JIMAarHOCTHKE TpaHchopMaTopHbIX Macen // M3Bectus Bbicmmx y4eOHbIX 3aBeneHuit. [IPOBJIEMbI OHEPI'ETHUKU.
2019.T.21. Ne 1-2. C. 87-92.

3. J. Wada, G. Ueta, S. Okabe and T. Amimoto, "Method to evaluate the degradation condition of transformer
insulating oil - establishment of the evaluation method and application to field transformer oil," in IEEE Transactions on

Ne 1 (357) 2023 47




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

Dielectrics and Electrical Insulation, vol. 22, no. 2, pp. 1266-1274, April 2015, doi: 10.1109/TDEIL.2015.7076830.

4. Amemnaa M. A., Amemma C.A. [Iporpamma cxeMoTexHnIeckoro MoaenupoBanus Micro-Cap. Bepcun 9, 10.
— Cmonenck, Cmonenckuit ¢pmmman HUUY MOU, 2013. - 618 c.

5. EsmoxmmoB 1O. K., Jluagsane B. P., lep6akos I'. . LabVIEW mis pagmommxenepa: 0T BUPTYaIbHOU
Mozenu 1o peansHoro npudopa. — M.: IMK Ilpecc, 2007. - 400 c.

6. Tpasuc Jx., Kpurar k. LabVIEW mis Bcex. 4-e m3manue, nepepaboranHoe u nomoimHerHoe M.: IM K
IIpecc, 2015. - 904 c.

7. Q. Zhang, M. Li and G. Cai, "Research on the Oil Supply System of a Vehicle Integrated Transmission Based
on LabVIEW," 2019 IEEE 3rd Information Technology, Networking, Electronic and Automation Control Conference
(ITNEC), 2019, pp. 448-451

8. H. Qin, R. Dang and B. Dang, "Design of upper computer for wellhead multi-parameter detection based on
LabVIEW," 2022 7th International Conference on Intelligent Computing and Signal Processing (ICSP), 2022, pp. 1240-
1244

9. A. 4. G. C. Abad, L. M. Faeda G. Guerrero, J. K. M. Ignacio, D. C. Magtibay, M. A. C. Purio and E. Q.
Raguindin, "A simulation of a power surge monitoring and suppression system using LabVIEW and multisim co-
simulation tool," 2015 International Conference on Humanoid, Nanotechnology, Information Technology,
Communication and Control, Environment and Management (HNICEM), 2015, pp. 1-3

10. M. Y. L. Zia and M. Rashid, "A Novel Laboratory Experimental Platform Using LabVIEW and Multisim
Environments," 2021 National Computing Colleges Conference (NCCC), 2021, pp. 1-6

Bakiaanos Anexceit Hukosaesuu

OI'bOY BIIO «tOxHO-Poccuiickuii rocyaapcTBeHHbIN nonurexuudeckuit yausepcuret (HITH) nmenn M.U.
[InaroBa», r. HoBouepkacck

Accucrent kapenpst UMUCT

«MH}popMannoHHbIE U U3MEPUTEIIBHBIE CUCTEMBbI H TEXHOJIOTHI)

346428, PocroBckas 06:1., . HoBouepkacck, yi. IIpocsemenus, 132

Ten. 8(951) 527-91-46

E—mail: baklanov-88@mail.ru

AN. BAKLANOV

METHOD OF SERIES-PARALLEL RESONANT IDENTIFICATION
OF RC PARAMETERS OF TRANSFORMER OIL

Abstract. The article is devoted to the development of a new method of series-parallel resonant identification,
which makes it possible to determine the parameters of active and reactive elements that make up the objects under
study. As an object under study, the author of the article considers transformer oil, which is widely used in oil
transformers. To confirm the efficiency of the method, a computational experiment was carried out to determine the
capacitance and active resistance of a transformer oil sample in the Micro-Cap software package. The conducted
computational experiment showed that the methodological error of the proposed approach does not exceed 0.02%. To
implement an information-measuring system that implements the method of serial-parallel resonant identification, it is
proposed to use the National Instruments PXI data acquisition and processing complex with the installed software
National Instruments Labview and National Instruments Multisim.

Keywords: transformer, transformer oil, identification, experiment, labview, national instruments, microcap.
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K.H. OCHUIIOB, A.I'. BAPAHOB, C.A. MABPHH

NOBBIINEHUE YOPP®EKTUBHOCTHU ITPOU3BOACTBEHHBIX
UCIHBITAHUU NIOPHIHEBBIX IBUT'ATEJIEU
BHYTPEHHEI'O CT'OPAHUA

AuHOTAUMA. [Ipusooumcsi 060cHOBaHUE KOHYUENnyuu noevliienus 3ppexmusnocmu (mounocmu u
00CMOBEPHOCMU  Pe3YIbmamos) NpPouU3600CMEEHHbIX (NPUEMOCOAMOYHbIX, KOHMPOAbHbIX U Op.) UCHbIMAHUL
KOHCIMPYKMUBHO CAONCHBIX NOPUIHESbIX O8Ucamenell 6HYMPeHHe20 CCOPAHUSL HA OCHO8e AHANU3A CReyupuKy npoyeoyp
OP2anU3AYUY MEXHOTIOUYECKUX NPOYECCO8 OYEHUBAHUS MEXHUYECKUX COCMOAHUN U30eNUll N0 Pe3yIbmamam usmepeHuill
ungopmamuenvix napamempos. Ilokasanvl HeOOCMAMKU CYWECmEYIOuUx Memooos (HopMuposanus peweHull o
Npu20OHOCMU  U30eNUll K YCIousM Oyoyulel SKCHAyaAmayuu 6 X00e NPUEMOCOAMOYHbIX UCHbIMAHUL, 66E0eHd
Kaaccugpukayus memooos oyenusanus mexuuyeckux cocmosnuil. Chopmynuposano anarumuyeckoe npeocmasienue
3a0a4u Noevlenus 3(hpekmusnocmu NPUEMOCOAMOYHbIX UCHLIMAHULL O8UcAmenell 6HYMPEeHHe20 C2OpaHus 6 6uoe
pewenust 3a0a4u ONMUMU3AYUL PYHKYUOHALA, XAPAKMEPUIVIOULE20 CPEOHIOI0 GelUdUNy NOmepu O0O0CMOSEPHOCHU U
MOYHOCU NPOYEOYD NPUHAMUSL PeULeHUL.

KuroueBble clioBa: moodenuposaniue, Ha0eHCHOCHb, UCHLIMAHUSA, OUASHOCTUKA.
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K.N. OSIPOV, A.G. BARANOV, S.A. MAVRIN

QUESTION OF IMPROVING EFFICIENCY PRODUCTION TESTING
OF RECIPROCATING INTERNAL COMBUSTION ENGINES

Abstract. A method is substantiated for estimating the moments of the origin of defects (malfunctions) caused
by fatigue failures of mechanical elements, as well as parts of machines and mechanisms of general engineering products.
As an illustrative example, the process of recognition of the moments of initiation and development of fatigue failures in
bearing assemblies based on the results of measuring vibration characteristics in real time operation is considered.

Keywords: modeling, diagnostics, reliability, production testing.
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A.B. ABPAMOB, JILM. 15151, M.B. POJIMYEBA

PA3BBUTHUE METO/0OB I/ICHI)ITAHI/IIZI MOKA3ATEJIEH KAUECTBA
CPEACTB UHANBUAYAJIBHOU 3AIIUTHI YEJIOBEKA
OT NIOHU’KEHHBIX TEMIIEPATYP

AuHotanusi: [Ipedcmaenena ycmanogka 0isi uzmeperusi Kodgh@uyuenma menionpogooHoCmu 6010KHUCTBIX
mamepuanos, npeodHasnauennvlx O0ns npousgoocmeéa CH3 om  nouudcennvix memnepamyp. Paccmompenvt ee
KOHCMPYKMUGHbIE 0COOEHHOCTNIL, KOMOPble NO360ISIOM HE3A8UCUMO Pe2yIUpO8ans NApaMempbl HAZPEBd U OXAANCOCHUs
nogepxnocmel obpazya Kax 8 Cyxom, maxK u 60 GIANCHOM cocmosiHusx. IIpueedenvl pe3yibmamvl YUCIEHHO20
MOOEIUPOBAHUSL PENHCUMOB IKCNEPUMEHMA, KOMOPble NO380JAI0M MOYHee NOHSIMb NPUHYUNLL RPOEe0eHUs: UCHbIMAHUL,
peanuzosannvle 8 KOHCmpyKyuu ycmanosku. [lpedcmasnensvt pesyiomamyl ee 8epu@urayuu ¢ SMAIOHHLIM CPEOCMEOM
usMepeHusl.

B cosoxynnocmu koncmpykmuenvle uzmenenus —obecneuusaiom 0Oojiee NOIHOE COOMEEMCHIGUE DENCUMOS
nposedenus sKcnepumenma ocobennocmam sxcnayamayuu CH3 6 ycnogusx yMEpeHHO20 U CUIbHO20 X0100d.
Hcnonvzosanue ycmanoeku npu npoeeoeHuy UCHLIMAHUL BOJOKHUCMBIX MAMEPUANo8 NO360Jsem NOIyuYams 06oiee
mouHble pe3yibmamvl uzMeperusi Kodgguyuenma menionpogooOHOCMU GOJIOKHUCIbIX MAMepuailos. Imo, 6 c60i0
ouepeds, no3gonsem nogvicums kavecmeo CHU3 om nonudicennvix memnepamyp.

KuaroueBbie cioBa: CH3 om noHudcenHvix memnepamyp, YMepeHHbulll X0A00, GOJOKHUCTbIE MAmepuais,
YucIenHoe MoOenuposanue, KOIhouyuenm menionposoOHOCH.
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A.V. ABRAMOV, D.M. DADA, M.V. RODICHEVA

DEVELOPMENT OF TESTING METHODS FOR QUALITY INDICATORS
OF MEANS OF PERSONAL PROTECTION AGAINST LOW
TEMPERATURES

Abstract: An apparatus for measuring the thermal conductivity of fibrous materials intended for the production
of PPE from low temperatures is presented. Its design features are considered, which allow one to independently control
the parameters of heating and cooling of the sample surfaces both in dry and wet states. The results of numerical
simulation of the experimental modes are presented, which make it possible to more accurately understand the principles
of testing implemented in the installation design. The results of its verification with a reference measuring instrument are
presented.

Taken together, the design changes provide a more complete correspondence between the experimental modes
and the features of PPE operation in conditions of moderate and severe cold. The use of the setup when testing fibrous
materials makes it possible to obtain more accurate results of measuring the thermal conductivity of fibrous materials.
This, in turn, improves the quality of PPE from low temperatures.

Keywords: PPE against low temperatures, moderate cold, fibrous materials, numerical simulation, thermal
conductivity coefficient
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A.B. HEMEHKO, M.M. HUKUTUH

ITPOI'HO3 PABOTOCITIOCOBHOI'O COCTOsHUA
TEXHUYECKOI'O OFBEKTA

AuHoTamMs. [Ipednoscena Mmemoouxa oOyeHKU BepoOsMHOCU HAXOHCOEHUsl MeXHUUecKo20 00veKkma 8
PpabomocnocoOHOM COCMOAHUU C NOMOUWBIO OATbHE20 NPOSHO3A DEMEHHBIX PAOOE KOHMPOIbHLIX hapamempos. Obvexm
paccmampugaemcs Kak cucmema u3 91eMeHmos, COCOUHEHHbIX 6 00weM cayuae no NOTHOMY 2pady, nepexoo K
Gaxmuneckum CceA3AM ocywjecmeniemcs 000asieHuem YCI08HbIX 6ce20d GKIOYEHHbIX WU 6ce20d OMKIIOUEHHbIX
aleMenmos. B Kkauecmee KOHMPONLHLIX NAPAMEmMpo8 UCHOb3VIOMCA 6euuunyl, obnadaowue Cce0UCMeamu
8EPOSIMHOCIHOU MepPbl, 8 YACMHOCIU, KO @uyuenm 2omosHocmu uau Kosgguyuenm dezomrazuot pabomul. Kaswcowiii
9eMeH NPOBePAeMCs Ha OMKA3 pabomocnocoOHOCIU U OMKA3 YHKYUOHUPOBAHUS, KOHMPOIbHbIU NAPAMEMp NO HeMy
paccmampugeaemcs Kak npoussedeHue GepOosmHOCMHbIX Mep, ONUchleaowux obpamuvle cobvimus. B kauecmee
UMo206020 NPOSHO3A O BCEll CUCIEMbL PACCMAMPUBAECS ACUMNIMOMUKA BLINUCTIEHHO20 NAPAMEMPA 6 OKPEeCHHOCMU
beckoneunocmu. /s e€ nocmpoenus ucnoab3yemes QyHKyus, npoxoosauas uepes u3gecmuvle 3HaveHus u 001adaruas
PAOOM 02paHuyeHuUll, No KOMOPbIM HAX00smcsi Ko3gguyuenmul eé paznodcenus 8 pao Ilyaukape. /s HUX Mbl RPUSOOUM
svIpadcenus 8 OuppepenyuaibHoM U UHMeZPAIbHOM 8ude, A Maxice QOpMyIbl HENOCPEOCMBEHHO20 CYMMUPOBAHUS,
npumeHuMbie 08 WUPOKO20 KIACCA MEXHUYECKUX 00beKmos.

KioueBble cjoBa:  OanvHuil  NPOZHO3,  ACUMNMOMUKA,  OMKA3  pabomocnocobHOCmU,  OMKA3
DYHKYUOHUPOBANUA, HECMAYUOHAPHBIL NPOYECC.
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FORECAST OF TECHNICAL OBJECT OPERATION STATE

Abstract. A technique is proposed for estimating the probability of finding a technical object in a working state
using a long-range forecast of time series of control parameters. The object is considered as a system of elements
connected in the general case according to a complete graph, the transition to actual connections is carried out by adding
conditional always on or always off elements. As control parameters, quantities are used that have the properties of a
probabilistic measure, in particular, the availability factor or the failure-free operation factor. Each element is checked
for operability failure and operation failure, the control parameter for it is considered as a product of probability
measures describing reverse events. As a final prediction for the entire system, the asymptotics of the calculated
parameter in the neighborhood of infinity is considered. To construct it, a function is used that passes through known
values and has a number of restrictions, according to which the coefficients of its expansion in the Poincaré series are
found. For them, we present expressions in differential and integral form, as well as direct summation formulas applicable
to a wide class of technical objects.

Keywords: long-range forecast, asymptotics, operability failure, functioning failure, non-stationary process
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