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Annomayus.

Axmyanvnocmey padomwl. B oannoii cmamve npusedenvl HeKOMopbvie pe3yib-
mamul OUAZHOCIMUKU NO NAPAMEMPAM UOPAYUYU NOOWUNHUKOS, YCTNAHOBNEHHbIX
HA 2eHepamOPHbIX 2PYNNAX INeKMPUUecKUx KapbepHulX IKcKasamopos. H3zyue-
HUe 80Npoco8 KOMNIEKCHO20 AHANU3A MEXAHUYECKUX KOoneOanuil noowunHuKos
NO360UN0 OCYWECHEUMb NPOSHOZUPOBAHUE NPOYECCO8 PA3sUumus ux 0egexmos
C UCNONL308AHUEM HOBBIX EOUHBIX OUASHOCTNUYECKUX KpUmepues.

Ilenv pabomwi: ucnonvzosams pe3yibmamvl OUAHOCMUKYU NO NAPAMEMPam
subpayuu 015l NOAYYEHUss NPOSHO3d MEXHUYECKO20 COCMOSHUA NOOUUNHUKOS
2eHepamopHuIx epynn. [oxkasamos yenecoobpasHocmes peamusayuu eouno2o oud-
2HOCMUYECKO20 KpUmepus OYeHKU NOOWUNHUKOE NPU MOOeIUPOSaHUU npoyec-
€08 Ux oezpadayuul u paspyuieHusl.

Memoowt uccnedoganun: 6 pamkax HACMOAWE20 UCCIEO08AHUS GbINONHAICA
KOMNAEKCHbI aHanu3 napamempos Mexanudeckux KoneOauuu, G03HUKAIOUJUX
npu pabome OUHAMUHECKO20 0O0PYOOSAHUS KAPbEPHBIX IKCKABAMOPo8. s pe-
wienusi 9Moul 3a0ayu NPUMEHANUCL PA3uyHble Memoobl GUOPOOUASHOCTNUKU,
cpeou KOmopwix YeHmpaibHoe MeCmo 3aHAIU pe3yabmamsl CHeKMpaIbHo20 aHa-
Ju3a, OanHble IKcyecca U ananusa o2ubaouetl.

Pesynomamur: Pesynvmamol oyenku u npocHO3UPOSAHUS OUHAMUKYU NPOYECCO8
pazsumus Oeeknmos NOOWUNHUKO8 KaueHUs cauoemenbcmsyom ob g gdexmus-
HOCMU paspabomaHHoOu MemoOon02Uul CO30anUus eOUHbIX Kpumepues OYeHKU
subpayuu. Pesyremamol pabomul mocym 6vbims npumerenvl 0isk COBEPULEHCTNBO-
8aHUsL OCUCMBYIOUUX CXEM MEXHUUECKO20 0OCIYICUBAHUSA 2OPHBIX MAUMUH, YMO 8
nepcnexkmuge npedoCmasum 603MOICHOCMb CHUUMb YPOBEHb ABAPUIIHOCU NPU
npo6edeHUlU 2OPHBIX PAbOM 6 Y20NbHOU OMPACIU 3d CYem NPOSHO3UPOSAHUS BO3-
HUKHOBEHUS AGAPULIHBIX CUMYAYUL U MUHUMUZAYUY HENPOU3E0OUMENbHBIX NPO-
CMoes IKCNIYAMUpyemol 20pHOU MexHUKU.

Mna yumupoeanusa: I'epuke I1. b., T'epuke b. JI. [IpumeHenne equHbIX KPUTEPUEB I JUATHOCTHUKU U IPOTHOZUPO-
BaHUS TEXHUYECKOTO COCTOSHUS NOAIUIHUKOB // ['opHOE 000pyAoBaHue u 3nekTpomexannka. 2025. Ne 4 (180). C.
76-82. DOI: 10.26730/1816-4528-2025-4-76-82, EDN: UGTLBI

BBenenue.

Tpa}II/IHHOHHO 3HAaYUTECIIbHAsA 4YaCTb TOPHBIX Ma-
IIMH, SKCIUTyaTHPYEMbIX Ha pa3pesax u Kapbepax Kys-
6acca, IOJUICKUT 00S3aTEITFHON SKCIEPTU3E MPOMBIIII-
JICHHOM 0e30MacHOCTH M, KaK CJIeJICTBHE, 00S3aTellb-
HOMY TIPOBEJIEHUIO BHUOPOKOHTPOJII BCEX OCHOBHBIX
9JIEMEHTOB HX JHEPrOMEXaHWYECKOro 000pYIOBaHUSI.
Pe3ynbTaThl JIHATHOCTHKH 3a4acTyH) PETHCTPUPYIOT
MPEBEIIICHIE MapaMETPOB BHOPAIUH TOPHOTO 000py-
JIOBAaHWS, HAXOISIIETOCS B MPEIEIBEHO JOITyCTUMOM
WIH HEJOIMyCTUMOM TEXHHYECKOM cocTosHuu. [lof-

[IWITHAKA KaueHWs], TOJYYHBIINE IIMPOKOE pPacIpo-
CTpaHEeHHE B KOHCTPYKIIMW TOPHBIX MAIIWH, SBISIFOTCS
OJIHUM M3 CaMbIX HATPYXEHHBIX Y3JIOB, BOCIIPHHHUMA-
OIUX JWHAMUYECKHUE HArpy3kd OT paboTaromero
JHEproMexaHuveckoro obopyaoBanus. Jlns ux gua-
THOCTUKH pa3paboTaHO W MPHUMEHsIETCS OO0JIBIIOE KO-
JINYECTBO CIENUATM3UPOBAHHBIX METOJ0B KOHTPOJIS
BHOpAIy, cpeiy KOTOPBIX NHK-(PaKTOp, METO yaap-
HBIX IMIYJIBCOB, IKCIECC, METOJ] aHAIIN3a OTHOArOIIei
[1]. Bce onn obnamaror psaoM Kak JOCTOHMHCTB, TaK U
HEJIOCTAaTKOB, BKJIIOYasi, HalpUMep, HEBO3MOXKHOCTb
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OIpeJieTIeHUs] KOHKPETHOTO THIIa J1e()eKTa, CI0KHOCTD
IIPOBOIMMOTI'0 aHaNIN3a U NMOTPEOHOCTH B BBICOKOI cTe-
NeHN KBaIN(HUKALUK CIICIHAIIMCTOB HEPa3pyIIAIOero
KOHTpPOJISL.

HoBble enuHbBle  IMAarHOCTHYECKHE  KPHUTEPUH
(EAK), co3mannble coBmecTHO yueHbIMH OUI] YVX
CO PAH u Ky3['TV, npemocTaBisioT DONOIHHUTENb-
HBIE BO3MOXKHOCTH JJIs aHAJIN3a [TapaMeTPOB BUOPALUH
OCHOBHOT'O 3HEPTOMEXaHHYECKOTO 000PyIOBaHHS TOp-
HBIX MAaIlIMH, BKJIIOYasi S9KCKaBaTOPbI, OypOBBIE CTAHKH,
IPOOWIHHO-COPTUPOBOYHOE ¥ YIIICOOOTaTUTENFHOE
obopynoBanue. [IpuHIMT MX CO3JaHUS 3aKIIOYAICS B
UCIIONIb30BaHUH HAOOPOB JHArHOCTHYECKUX JIAHHBIX,
CTPOTO ONpENEeNeHHbIX A KaKIOH OTAENbHOM rpym-
bl 1eEeKTOB, BKIIIOYAIOIINX PE3yJIbTaThl KOMILIEKC-
HOTO aHaju3a napaMmeTpoB BuOparmu. Ha ocHoBe crie-
LMaJbHBIM 00pa3oM OTOOpaHHBIX WM MPOQUIETPOBaH-
HBIX JAHHBIX C HCIIOJb30BAaHHEM MPUHIUIOB OITH-
MaJbHOW CKaJIsIpHU3allii, HeOOXOAMMOH Iyt o0oOie-
HUSL Pa3HOPOAHOW JIHMAarHOCTHYECKON WH(OpMAaIny,
npousBogmica pacuer EJIK mist kaxaod u3MepuTenb-
HON TOYKH JUarHOCTHpyeMoro arperara. Mcmonp3oBa-
HHE HOBBIX KPUTEPHUEB BMECTO TPAIULMOHHBIX IHa-
THOCTMYECKHX MPU3HAKOB, ITOJTBEPHKAAONINX HAJTMUUE
Je(eKTOB TOPHOTO 00OPYIOBAHUS, CIIOCOOHO CHU3UTH
BpeMsl, 3aTpaylBaeMoe Ha aHAJIN3 JAHHBIX, U TIOBBICUTh
3¢ (GEKTHBHOCTh POTHO3MPOBAHUS IPOIECCOB H3Me-
HeHUs (PaKTHIECKOr0 TEXHUUECKOTO COCTOSIHUS 00BEK-
TOB BHOpanmmoHHOro KoHTpoist. Kpome Toro, mpum
YCIIOBUHM COBEpIICHCTBOBAHHUSI HOBBIX KPHTEPHEB U
Pa3BUTHS COOTBETCTBYIOIIErO NMPOTPaMMHOTO obecre-
YEeHUs U1 aBTOMATH3MPOBAHHOTO aHalW3a JIUarHo-
CTHYECKUX JIAHHBIX B MIEPCIIEKTUBE CTAHET BO3MOKHBIM
YMEHBILICHNE POJIM YEIOBEYECKOro (hakTopa Mmp Ipo-
BEJICHUN IUAarHOCTUKH M IOBBIIIEHHE TOYHOCTH pe-
3yJIbTaTOB aHAJIN3a BUOPAIHK.

Anroputm co3ganus EJIK Bkmrouan B cebst naBe
IpoIeypsl GHIBTPAIIH CUTHAJIOB BUOpAIIMK — TIOMCK
rpyOBIX morpemHocTeil (OmMMOKM B 3allUCH, 3allyM-
JICHHOCTb M MCKaXXCHHS) W KIHUMIIUpOBaHKE (yAaJICHUE
YaCTH TaPMOHUK CIIEKTPa, HE CBA3AHHBIX HATPSIMYIO C
HCCIIEAYEMBIM JIe(heKTOM) TaHHBIX [2].

Hwxe npencTaBieHs! pe3yibTaThl aHANIN3a U IIPO-
THO3MPOBAHMS AErpaslaliii TEXHUUECKOTO COCTOSIHUS C
ucnone3oBanuem EJIK, momydeHHbIE Ha BHIOOpKE W3
TPUALATH JBYX MOJIIMITHUKOB KayeHHUs, YCTaHOBJICH-
HBIX Ha TEHEPAaTOPHBIX TPYMIAax 3JIEKTPUYECKUX Kaph-
epHbIX 3KckaBaTopoB Tumna DKI. HabmoneHnue 3a BbI-
OOpKOH KOHTPOJHPYEMBIX TOANIMITHUKOB OCYIIECTB-
JIAIOCh Ha TPOTSHKCHUHU MOJYrojia, pe3yIbTaThl KOM-
IUIEKCHOTO aHaju3a BHOpanuu A00aBJICHBI B CO3/aH-
Hyro 6a3y maHHbBIX Qopmara SQLite ¢ pukcupoBaHHOM
CTPYKTYPOH, colepiKalllylo JaHHbIE 10 Oojiee 4eM co-
pOKa ThICSYaM 3alKceil pe3yJibTaToB JMarHOCTUKH
000pysOBaHUsSI KaphepHBIX 3KCKaBATOpOB. OCHOBHOM
0COOCHHOCTBIO, KOTOpas OTJIMYaeT pa3padOoTaHHBIA
EJIK oT Apyrux THIIOB €MHBIX THArHOCTHYECKHX KpPH-
TEpHEB OIIEHKH BHOpAINH MMOAMIUITHUKOB [3], ABIsgeTCS
pacmupeHHbIii Habop AMAarHOCTHYECKHUX IHapaMeTpoB,
HCTIONB3YEMBIX JUII OLEHKH (PaKTHYECKOTO TeXHHYe-
CKOTO COCTOSIHHS TOANIUITHUKOBBIX y3JI0B, B OCHOBE
KOTOPOTo crenu(rka KOHCTPYKIMH, PEKUMOB M yCIIO-
BUI1 SKCIITyaTauy KaprepHoil TexHuku B Kysbacce.

PesynbTaThl 1 X IPUMEHEHHE.

[Tpu pa3paboTke HOBOrO KpUTEpPUs I TUarHOCTH-
KM TOALIMITHUKOB ObLIa IpOBEIEHa OlIEHKa BCEX JI0-
CTYIHBIX Ha JaHHBIH MOMEHT JUarHOCTHYECKHUX HpH-
3HAKOB, NMPABWJI U METOJOJIOTHH Moucka AeeKTOB Ha
OCHOBE aHaNIM3a NapaMeTPOB MEXAHWYECKHX KoJeOa-
Hull. C yueToM Crenu(uKH MPOBEIACHNS U3MEPESHUA U
0COOCHHOCTEH KOHCTPYKIMH 3JEKTPUIECKUX Kapbep-
HBIX HKCKAaBaTOPOB (OrpaHUYEHHOE BPEMsI IIPOBEACHUS
3aMepoB, 3aNbUICHHOCTb, 3aTPYAHCHHBIN JOCTYH K He-
KOTOPBIM M3MEPHUTEIBHBIM ToUKaM) U1 co3manus EJIK
OBUIO NMPUHSATO PEIICHUE HCIOJIb30BaTh JAaHHbBIE CIIEK-
TPaJbHOTO aHaJIN3a, a TAKXKE PEe3yJIbTAaThl OLEHKU OTU-
Oarorieil criekTpa B 00JaCTH IOJIINITHUKOBBIX 4acTOT
U JJaHHbIE BBICOKOYACTOTHOTO 7Kciecca. Mcmonb3oBa-
HHE KOMOMHAIIMY BBIOPAaHHBIX METOAOJIOTHH U TUarHo-
CTUYECKHUX MPHU3HAKOB B 00JACTH aHAJIM3a U KOHTPOJIS
BHOpaIii TMO3BOJISET OIICGHHUTh COCTOSHHE O0O0CIeno-
BaHHBIX IOANIMITHUKOB ¥ TOJYYHTh AUATHOCTHYECKHUC
JaHHBIE JUIS pacdeTa eANHBIX KPUTECPHEB.

Peanuszanus anroputma pacdera eJMHOTO KPUTEPHS
JUIL TIOJIIMITHUKOB OCHOBAaHAa Ha PEIICHWU 3aJadd
OLICHKU Pa3sHOPOAHBIX JUATHOCTHYECKUX MPHU3HAKOB C
MIOMOINBI0 IIPUMEHEHHUS aITrOPUTMOB ONTHUMAJIBHOM
CKaJIpU3alluM U pacIlpeneseHs MOIyIaeMbIX pe3yiib-
TaTOB B 3aBUCHUMOCTHU OT CTENEHM Pa3BUTHS MPUCYIIIUX
MTOIUIUITHUKAM JIE(PEKTOB.

Hcnonb30BaHHbIH aNrOpUTM BKJIOYAN B ce0st MMOJ-
IIPOTrpaMMbl YTOYHEHHs OOOpPOTHOM, BBISBICHHUS 3Ha-
YUMBIX TAPMOHHUK CIICKTpa W NPOBEICHUS MX HOPMH-
POBaHMs, YAAICHHUS W3 CIEKTPa BCEX JIMIIHUX COCTAB-
JSIFOINX «HE TOALIMITHUKOBOW» IIPUPOJBI, yIalCHUS
IIYMOBBIX COCTaBIIIOIINX C MPUMEHCHHEM METOIUKH
MIONCKa TPYOBIX MOTPENIHOCTEH W TOJyYSHUS PE3yiib-
TUPYIOIIET0 KINIITHPOBAHOTO CHEKTpa.

PaccunTaHHble BEJMYMHBI E€AMHBIX KPHUTEPHUEB
MO’KHO HCIIOJB30BaTh B Kau€CTBE MOIEIHPYEMBIX Ia-
paMeTpoB IPH OCYIIECTBICHUH MAaTEMaTHYECKOr0 MO-
JIETUPOBAHUSA TPOLIECCOB Pa3BUTHA MOBPEXKACHUH aHa-
THOCTUPYEMBIX TOJIIMIIHUKOB. [l JeicTByromen
CHCTEMBI IUIAHOBBIX PEMOHTOB MPAKTHYECKYIO ILIEH-
HOCTbh UMEIOT Pe3YNbTaThl KPATKOCPOUHOTO MPOTHO3H-
pOBaHMs H3MEHEHHS TEXHHYECKOTO COCTOSHUS, II0-
CKONIBKY JTFO00W JHAaTHOCTUPYEMBIH y3enm Oymer o0-
CITy’KMBaThCS PaHbIIIE, YeM HACTYITUT CPOK pean3aliin
JIOJITOCPOYHOTO MporHo3a [4, 5].

CymiecTByiomme NpOrpaMMHBIE KOMIUIEKCHI, B
(YHKIMOHAI KOTOPBIX BXOJHMT BO3MOXXHOCTH HPOTHO-
3MPOBaHUS MPOIECCOB PA3BUTHA 1€(EKTOB dHEProMe-
XaHWYECKOTO 000pY/IOBaHUS, UMEIOT P 3HAUYUTEINb-
HBIX OTpaHMYEHHH Ha 00JacTh CBOETO NMPHMEHEHUS, B
YaCTHOCTH, TaKHE KOMIIIEKCHl OUY€Hb YyBCTBHUTEIBHBI K
Ka4ecTBY M 00bEMYy IMarHOCTHYECKONH MHGpOPMaIUU U
TpeOyIoT JIeTalbHOW HAaCTPOMKHM CBOMX MapaMeTpoB M
pa3paboTKN JUAarHOCTHUECKUX MPABHJI, YIUTHIBAOIINX
BCIO CIENHU(PUKY AHArHOCTHPYEMOTO 00O0pYHOBaHUS
(KOHCTPYKTHBHBIE M KHHEMaTHYEeCKHE OCOOEHHOCTH,
TpaHUIBI TPEAETHHOTO COCTOSHUS U T. I1.) C TIPHBIICYE-
HHEM OKCIEPTOB CO CTOPOHBI (UPM-pa3pabOTINKOB
[6, 71.

Bce 310 3HAYNTETBHO YCIOKHSIET MPOIECC HCIIOTb-
30BaHMS TAKUX CHCTEM, M B HEKOTOPBIX CIIydasx Jeia-
€T MX IpPUMEHEHHE Helenecoo0pa3HbIM W HepeHTa-
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OenbHBIM. J[pyrasi 4acTh MPOrpaMMHOTO 0OECICUCHHUS,
[pe1yCcMaTpUBaIOIasi BO3MOXHOCTh MPOTHO3UPOBAHUS
TEXHMYECKOTO COCTOSIHUS HMPOMBILIICHHOTO 000py10-
BaHUs, «3aTOYEHa» IIOJ peEIleHHe KOHKPETHBIX 3a7ay
[0 TOMCKY, BBIABJICHUIO M NPOTHO3UPOBAHUIO pa3py-
LIUTEJIBHBIX IPOLECCOB JErpajaliid TEXHUYECKOIO
COCTOSIHUS JUIs Y3KOU IpyNIbl ONHOTUIIHBIX 3JIEMEHTOB
TEXHUYIECKHUX YCTPOUCTB [8§].

IIpu 3TOM 10 cuX NOp HE co3[aHa YHUBEpCaJlbHas
[IPOTHOCTUYECKAsT MOJENb OLIEHKH TEXHHYECKOI'O CO-
CTOSIHMSI CJIOXKHBIX MEXaHMYECKUX CHUCTEM IO mapa-
METpaM MEXaHUYCCKUX KOJeOaHHid, KOTOpas Moria Obl
C OJMHAKOBBIM YCIEXOM OCYLIECTBISTH MPOTHO3UPO-
BaHUE Ha OCHOBE pE3yNbTaTOB KOHTPOJIS BHOpaLuu
CaMoTr0 Pa3HOTO TEXHOJIIOTHYECKOTO 000PY/IOBaHHS, OT
€IMHUYHBIX MOJIIUIIHUKOB 10 KapbepHBIX YKCKaBaTO-
pOB, camocBaioB U OypoBbix craHkoB [9, 10]. I'mas-
HBIMM IIPUYMHAMU OTCYTCTBUSI TAKOW MOJEIH SBISIOT-
cs 3aTpyIHEHUs, BO3HUKAIOLIUE IIPU aHAJIU3E U3MEHS-
IOLLErocsl CHEKTPAJBHOTO COCTaBa PETUCTPUPYEMBIX
JIMarHOCTUYECKUX XapaKTEPUCTUK Pa3jIM4HOrO0 TOPHO-
ro o0opymoBaHUsA, M HEJOCTATOYHAS W3yUYEHHOCTH BO-
MIPOCOB JUHAMHKHU TPEIETbHO H3HOIICHHBIX TOPHBIX
MamuH [11, 12].

VimMeHHO moO3TOMY OOJBLIOE KOJIMYECTBO CyIIe-
CTBYIOIINX MaTeMaTHYECKHX MOJieNIei orpaHnINBaeTCs
MOJIEIMPOBAaHHEM BEIMUYUH 0a30BBIX AUATHOCTUYECKHUX
apaMeTpoB, HANpUMep, MUKAa BHOPOYCKOPEHMS WIIH
OTAEIbHBIX 3HAYAIIMX FAPMOHUYECKHX COCTABIISIOIINX
CIIEKTpa, YTO 3HAYUTENIbHO CHMYKAET MOTEHIMAN IpHU-
MeHeHus: 3tux mojaenei [13, 14]. MoapenupoBanue c
rcnosb3oBanueM HOBbIX EJIK mpu yciioBum ucmosns3o-
BaHHUA HECKOJBKHUX IOCJIEI0BATENbHBIX HW3MEPEHUN
BHOpAaInii TO3BOJUT MOJNYYUTH BCE IPEHUMYIIECTBA
KOMIUICKCHOTO aHajiu3a BUOpalMM M 3HAYUTEIHHO
pacuMpuTh 00JacTh NPUMEHEHHS MOIyYaeMBIX pe-
3yJIbTaTOB.

Taxk, B xauecTBe nmpumepa Ha Puc. 1 mpencrasnen
rpaduK, WLTIOCTPUPYIOUIMNA 3aBUCHMOCTD BEJIHMYHHBI

enunoro kpurepust EJIKnomm oT HapaGOTKH KOHKpET-
HOro noamwuiHuka. [Ipu npoBeneHNH cpeHEeCpPOYHOTO
IIPOTHO3UPOBAHMS C HMCIOJIb30BaHUEM Pa3pabOTaHHBIX
anropurmoB pacuera EJIK mpu nporaosupoBaHuu Ha
NIepUo/ B JIBAa KaJCHIAPHBIX MECsIa pacueTHasi Belu-
gpHa cocTaBUT EJlKnommn=99,1 en., 9ro mpeBbImaeT
MIPEENFHO JOIYCTHMOE 3HAUCHHE C IEPEKPBITHEM €T0
ONITUMHUCTHYECKON TpaHUIBl. [y MHarHOCTHPYEeMOTo
TeHepaTopa JaHbl PEKOMEHAANH 10 TMPOBEICHUIO pe-
BH3WHU Ae(PEKTHOTO MOMIIMITHUKA C €TO IOCIeIyIomeit
3aMEHOW W TIPOBEICHHEM IEHTPOBKH BaJIONIPOBOJA
arperara.

Hcnons3oBaHHash METOJOJIOTHS OMpENENICHUsT TPY-
OBIX HOTPELIHOCTEH B JMAarHOCTHYECKHMX JIaHHBIX OC-
HOBBIBaJaCh Ha NPUMEHEHUM CTaHIAPTHBIX MPOBEPOK
CTaTHUCTHYECKUX THIIOTE3, NPU3BAHHBIX IOJTBEPIUTH
WJIN ONPOBEPTHYTH MPEAINOJIOKEHHE O HAINYNHU B BbI-
00pKe HEKOPPEKTHBIX 3aMEpOB, PE3KO OTIMYAIOIIAXCS
0T 00BIYHO U3MepsieMbIX BennuuH [15, 16]. Ho BmecTe
C TEM OTKa3 OT YaCTH AWArHOCTHYECKOH MH(OpMAIUH,
3aMeTHO BBIOMBAIOIIECHCS U3 psia APYTHX Pe3yIIbTaToB,
MOJKET TPUBECTH K TOMY, YTO IPOOJIEMHBIC TOYKH Ha
arperate He OyAyT JOJDKHBIM 00pa3oM MpPOJHArHOCTH-
poBaHBl, U OyZeT yImylleHa BO3MOXHOCTb BOBpEMs
BBISIBUTH TOT WJIM WHOW pa3BuBaromuics aedexr [17,
18]. C pocTom 00beMa MOCTYIAIOIIEH B aITOPUTM pac-
yera EJIK muarHoctuueckoit uH(pOpMAaIue, ocoOCHHO
IIPU YBEIMYCHHUU KOJIHYECTBA 00CIETyEeMBIX TeXHHUe-
CKUX YCTpPOICTB, METOIOJOTHIO (PUIBTPAIHX BXOIHBIX
JAHHBIX HEoOXoamMo OyoeT M3MEHHTh. 3Aech Hanbo-
Jiee TEPCHEKTHBHBIM MOXKET OKa3aThCS pPean3alis
MIPUHITUIIOB MAIIMHHOTO OOYyYeHHs, HAIpUMEp alro-
PpUTMa H30JIIUOHHOTO Jieca WM aJrOPUTMa KIIaCTepH-
3amuu [19, 20], HO KOHKpeTHOe 0OOCHOBaHHE TIPHIMeE-
HEHHs TOTO WJIM MHOTO METOJA SIBJISETCS NPeIMEeTOM
JIBHEHIINX MCCIEN0BAaHUM, B PaMKax KOTOPBIX IIpU
KOMIUIEKCHOM aHaJIN3e apaMeTpOB BUOpAIMU TOPHBIX
MaIliH JOJDKHO TIPOBOJIUTBECS COBEPIICHCTBOBAHHUE
pa3paboTaHHBIX €AMHBIX AUArHOCTHYECKUX KPUTEPHEB.

— —
40
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Puc. 1. I[Ipoenos mexuuuecko2o coOCmosiHust ROOWUNHUKA 2eHepamopHoll epynnul skckasamopa IKI-54
Fig. 1. Forecast of the technical condition of the generator group bearing on the EKG-5A4 type mining shovel
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BuiBoabl. Pe3ynbraThl BBHINOJIHEHHBIX HCCIEA0BaA-
HUIl TO3BONMIM NPOAHAIU3UPOBATh JAHHBIE KOM-
IUIEKCHOT'O aHaJlu3a IapaMeTpoB BHOpALUH, MOJTy4eH-
HBbI€ Ha T€HEPaTOPHBIX I'PYMINax IEKTPUYECKUX Kapb-
epHBIX dKCKaBaTOpoB. Ha ocHOBE pe3ynbTaToOB BBINOI-
HEHHOTO aHAJIN3a W NPEIOKEHHOW METO0IOTHH ObI-
nu ompeaeneHsl BenuuuHbl EJIK 118 noAmmunHukoB
Ka4yeHHs Ha TeHEPAaTOPHBIX TPYyMIax 3KCKaBaTOPOB M3
o0cieoBaHHON BBHIOOPKH. Pe3ympTaTel pacdeTroB wuc-
MOJTb30BAINCE U TIPOTHO3MPOBAHMS IIPOIIECCOB pas-
BUTHS Ae(EKTOB MOMIIUITHUKOB KadeHHs. OcymecTs-
JICHHBIE pacyeThl MOKa3alu BBICOKMH YPOBEHb JOCTO-
BEPHOCTH MOJIYYECHHBIX PE3yJIbTaTOB MPOTHO3UPOBAHUS
npolrecca U3MEHEHHsI TEXHUYECKOT0 COCTOSIHUS 00cie-
JIOBAaHHBIX MOJIIMITHIKOB, YTO TOATBEpXKIaeTcs 0e3-
aBapuiiHON paboTON YeThIpex 00CIHeIOBaHHBIX JKCKa-
BaTOPOB B T€YEHHUE BCET0 CPOKA CPEIHECPOUHOTO MPOo-
THO3MPOBAHHS.

B pesynpraTe BBITIOJTHEHHBIX HCCIICAOBAaHHNA ObLia
JIOKa3aHa HE TOJBKO BO3MOKHOCTH HCIOJIBb30BaHUS
EJIK 11 oueHKU COCTOSHUS MOAIIMITHUKOBBIX Y3JIOB,
HO ¥ 3QPEKTUBHOCTh WX NMPUMEHEHHS UI MPOTHO3H-
poBaHusi Oe3aBapHiHON pPabOTbl M OLEHKH CTEIEHH
Pa3BHUTHS OCHOBHBIX JI€(DEKTOB IOAIINITHUKOB.

3akurouenue. Peanuzanus OpUHIUIIOB MOJIEIUPO-
BaHUS HOBBIX KPUTEPUEB TO3BOJIMIA CIIPOrHO3UPOBATh
N3MEHEHHE TEXHHYECKOTO COCTOSIHUS 00CIEIOBaHHBIX
MOJIIIMITHIKOB, YCTaHOBJICHHBIX Ha 00O0pYAOBaHUH
NIEKTPUUECKUX KAPhEPHBIX SKcKaBatopoB Tuma OKI.
Pe3ynbTaThl BEIMOJHEHHOTO MTPOTHO3a YAOBICTBOPSIOT
TpeOOBaHMAM CHCTEMBI IUIAHOBBIX PEMOHTOB, ITO3BO-
JSIsL TIOTYYNTh WH(POPMAIMIO O BEPOSTHOCTH BO3HUK-
HOBEHMSI aBapHil Ha MPOTSHKECHUHM OMDKaWIINX IBYX
KaJICHIapPHBIX MECSIEB, IIEPEKPHIBast TEM CAMBIM BEJIH-
4YuHY ONMKalIero MeXpeMOHTHOro WHTepBana. Ha
MIPAaKTHKE 3TO O3HAauyaeT MOTCHIMANIbHOE yMEHBIICHHUE
4yClla aBapUIHBIX CUTyaluil U MUHUMM3ALUIO HEIpPO-
H3BOAUTENIBHBIX MPOCTOEB TOPHOIOOBIBAIOIIETO 000-
pyJIOBaHUS, TOBBIMICHHE O€30IaCHOCTH IPOBEACHUS
OTKPBITBIX TOPHBIX pabOT M BO3MOXKHOCTB Ooiiee -
(heKTHBHO TUIAHUPOBATh BO3HHUKAIOIINE NOTPEOHOCTH B
3aMacHBIX YacTsSX, HEOOXOANMBIX ISl TPOBEICHHUS pe-
MOHTOB. KpoMe TOro, KOHEYHO, TJIaBHBIM ITPEUMYIIe-
CTBOM HCIIOJIb30BAHUSI PE3YJIHTATOB MPOTHO3UPOBAHUS
JIOJDKHA CTaTh MUHMMH3aNIUS KOJINYECTBA HECHACTHBIX
ClIy4aeB Ha TPOU3BOJACTBE, M3-32 YMEHBIICHHUS KOJH-
YecTBa €AWHHUI] TOPHOM TEXHMKH, HAXOASAIIUXCS B He-
JIOITyCTUMOM COCTOSIHUH. Pa3paboTtanHas meTomonorus
CO3/1aHUSI HOBBIX KPUTEPUEB M UX HUCIOJIH30BAHUE U
MIPOTHO3UPOBAHNS TEXHHYECKOTO COCTOSHHMSA TOPHBIX
MAaIllMH UMEIOT MEePCHEeKTHBBI AT MPaKTU4ecKoil pea-
JM3alUK B KayeCcTBE 3JIEMEHTOB CHCTEMBI aKTHBHOTO
00CIyMBaHUs KapbepHBIX IKCKaBaTOPOB M APYIroro
TOPHOTO 000pY/IOBaHUSI.

Baaronapuocrn. Pabora BbIOIHEHa B paMKax
rocyaapctBeHHoro 3ananus OI'BHY «®DenepanbHblit
HCCIe0BATEIbCKUI HEHTp yIist ¥ yriexumun Cudup-
ckoro otaeneHus Poccuiickoi akajgeMuu Hayk» Ipo-
ekt FWEZ-2024-0024 «Pa3zpaborka 3¢ddeKkTuBHBIX
TEXHOJIOTHI OOBIYM YT POOOTH3HPOBAHHBIMU TOp-
HOJOOBIBAIONIMMH KOMIUIEKCAMH 0€3 IIOCTOSHHOTO
MIPUCYTCTBUS JIOJCH B 30HAX BEACHUS TOPHBIX PadoT,
CUCTEM YIIPABIECHUS U METOJOB OLEHKU TEXHUYECKOTO

COCTOSIHUSI M IMArHOCTHKH UX pecypca 1 000CHOBaHHE
obecreueHus BOCIIPOM3BO/ICTBA MHUHEPaIbHO-
CBIPbEBOIL 0a3bl. 2024-2025 IT.» (per.
Ne 1022041500010-0-1.5.1;2.7.5).
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APPLICATION OF UNIFORM CRITERIA FOR DIAGNOSTICS AND FORECASTING
OF TECHNICAL CONDITION OF BEARINGS
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Relevance of the work. This article contains the results of vibration pa-
rameter monitoring and technical condition assessment of bearings in-
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stalled on generator groups of electric mining shovels. Analysis of data
from complex diagnostics of mechanical vibrations of bearings allowed
forecasting the processes of their defect development using new unified

80 Mining Equipment and Electromechanics. No. 4, 2025. PP. 76-82



http://creativecommons.org/licenses/by/4.0/

10 February 2025

Accepted for publication:
30 June 2025

Accepted:
01 August 2025

Published:
28 August 2025

Keywords: vibration analysis,

rolling bearings, mining equip-
ment, forecasting, mechanical

defects.

diagnostic criteria.

The main objective of the work is to use the results of diagnostics by vibra-
tion parameters to obtain a forecast of the technical condition of bearings
installed in generator groups. It is necessary to prove the feasibility of im-
plementing a single diagnostic criterion for assessing bearings when mod-
eling the processes of their degradation and destruction.

Within the framework of this work, a comprehensive analysis of the pa-
rameters of mechanical vibrations arising during the operation of dynamic
equipment of mining shovels was carried out. To solve this problem, vari-
ous methods of vibration diagnostics were used, among which the central
place was occupied by the results of spectral analysis, excess data and en-
velope analysis.

The results of the assessment and forecasting of the dynamics of the pro-
cesses of development of rolling bearing defects indicate the effectiveness
of the developed methodology for creating unified diagnostic criteria. The
results obtained may be useful in implementing the concept of servicing
mining machines according to their actual condition, which allows reduc-
ing the accident rate in the coal industry by forecasting the occurrence of
accidents and minimizing unproductive downtime of the mining equipment
in operation.

For citation: Gericke P.B., Gericke B.L. Application of uniform criteria for diagnostics and forecasting of
technical condition of bearings. Mining Equipment and Electromechanics, 2025; 4(180):76-82 (In Russ., ab-

stract in Eng.). DOI: 10.26730/1816-4528-2025-4-76-82, EDN: UGTLBI

REFERENCES

1.  Nerazrushayushchiy kontrol": spravochnik. V
7-kh tomakh [Non-destructive testing: Handbook. In 7
Vol. Vol.7] / Pod. red. V.V. Klyueva. Moscow: Mashi-
nostroenie Publishers; 2005. 828 p. (rus)

2. Gerike P.B., Gerike B.L. Modeling the degra-
dation of the actual condition of bearings based on the
use of a single diagnostic criterion. Mining Industry=
Gornaja promyshlennost'. 2023; S2:32-36. (rus)

3. Sushko A.E. Razrabotka spetsial'nogo ma-
tematicheskogo 1 programmnogo obespecheniya dlya
avtomatizirovannoy diagnostiki slozhnykh system
[Development special mathematical and software for
automated diagnosis of complex systems]: PhD thesis
excerpt. Moscow. 2007. (rus)

4. Puchalski A., Komorska I. Stable distributions
and fractal diagnostic models of vibration signals of
rotating systems. Applied Condition Monitoring. 2018;
9:91-101. DOI: 10.1007/978-3-319-61927-9 9. (eng)

5. Gerike P.B. Gerike B.L. Prospects for using
unified diagnostic criteria for predicting the actual state
of mining equipment. Mining equipment and electro-
mechanics = Gornoe oborudovanie i jelektromehanika.
2024; 3:33-41. (rus)

6. Balducchi F., Arghir M., Gaudillere S. Exper-
imental analysis of the unbalance response of rigid
rotors supported on aerodynamic foil bearings. Pro-
ceedings of ASME Turbo Expo 2014: Turbine Tech-
nical Conference and Exposition GT2014. 2014. Diis-

seldorf, Germany. URL:
http://proceedings.asmedigitalcollection.asme.org/.
(eng)

7.  Sundukov A.E., Shahmatov E.V. Subharmon-
ics of tooth frequency in vibration diagnostics of wear
of gearbox teeth of gas turbine engine. Dinamika i vi-
broakustika= Dynamics and vibroacoustics. 2022;
8(2):6-11. (rus)

8. Trebuna F., Simcak F., Bocko J., Hunady R.,
Pastor M. «Complex approach to the vibrodiagnostic
analysis of excessive vibration of the exhaust fany,
Engineering Failure Analysis 37 (2014). Pp. 86-95.
(eng)

9.  Gertsbakh I. Teorija nadezhnosti s prilozheni-
jami k profilakticheskomu obsluzhivaniju [Reliability
theory with applications for preventive maintenance].
Publishing house "Oil and Gas" Russian State Univer-
sity of Oil and Gas named after .M Gubkin, 2003.
263 p. (rus)

10. Shardakov 1., Shestakov A., Tsvetkov R.,
Yepin V. Crack diagnostics in a large-scale reinforced
concrete structure based on the analysis of vibration
processes. AIP Conference Proceedings. 2018;
2053:040090. DOI: 10.1063/1.5084528. (eng)

11. Shirman A.R., Solov'ev A.B. Prakticheskaya
vibrodiagnostika i monitoring sostoyaniya mekhanich-
eskogo oborudovaniya [The practical vibration analysis
and monitoring of mechanical equipment] Moscow,
1996. 276 p. (rus)

12. Barkov A.V., Barkova N.A. Vibratsionnaya
diagnostika mashin i oborudovaniya. Analiz vibratsii
[Vibration diagnostics of machines and equipment.
Vibration analysis: Handbook]. St. Petersburg, 2004.
156 p. (rus)

13. Wang T., Han Q., Chu F., Feng Z. Vibration
based condition monitoring and fault diagnosis of wind
turbine planetary gearbox : A review. Mechanical Sys-
tems and Signal Processing. 2019; 126:662—685.
DOI: 10.1016/j.ymssp.2019.02.051. (eng)

14. Ghasemloonia A., Rideout D.G., Butt S.D.
Vibration Analysis of a Drillstring in Vibration-
Assisted Rotary Drilling: Finite Element Modeling
With Analytical Validation. Journal of Energy Re-
sources Technology. 2013; 135:032902-1. (eng)

«I'opHoe o0opynoBaHue U 3jeKTpoMexaHuka» Ne 4, 2025, c. 76-82

81




15. Desjatnikov V.E., Pichkov S.N. Features of
diagnostics of rolling bearings using the envelope
method. Kontrol'. Diagnostika = Control. Diagnostics.
2023; 26(9(303)):58—64. (rus)

16. Nasonov D.A., Puzakina A K. The influence
of the choice of control points in vibration diagnostics
of bearing units of electric motors. Mashinostroenie i
inzhenernoe obrazovanie = Mechanical engineering
and engineering education. 2023; 4(73):26-30. (rus)

17. Wrzochal M. New method of metrological
evaluation of industrial rolling bearing vibration meas-
urement systems. The International Journal of Ad-
vanced Manufacturing Technology. 2023; 124:587—
600. DOI: 10.1007/s00170-022-10359-0. (eng)

© 2025 The Author. This is an open

(http.//creativecommons.org/licenses/by/4.0/).

The authors declare no conflict of interest.

About the author:

18. Hemati Ali, Shooshtari Alireza Bearing failure
analysis using vibration analysis and natural frequency
excitation. Journal of failure analysis and prevention.
2023; 4:1431-1437. DOI: 10.1007/s11668-023-01700-
0. (eng)

19. Kumar R., Anand R.S. Statistical Analysis of
Vibration Signal Frequency During Inner Race Fault of
Rolling Ball Bearings. Journal of Failure Analysis and
Prevention. 2023; 5:2260-2274. DOI: 10.1007/s11668-
023-01760-2. (eng)

20. Xu Hong-yang, Zhao Xiang, Ma Hui, Luo
Zhong, Han Qing-kai, Wen Bang-chun. Vibration
analysis of a gear-rotor-bearing system with outer-ring
spalling and misalignment. J. Cent. South Univ. 2024;
31:511-525. DOI: 10.1007/s11771-024-5576-9. (eng)

access article under the CC BY license

Pavel B. Gericke, C.Sc. in Engineering, Associate Professor, Institute of Coal of the Federal Research Center of Coal
and Coal Chemistry of SB RAS, 10 Leningradsky Prospect, Kemerovo, 650065, Russian Federation. e-
mail: am_besten@mail.ru

Boris L. Gericke, Dr.Sc. in Engineering, Professor, Institute of Coal of the Federal Research Center of Coal and Coal
Chemistry of SB RAS, 10 Leningradsky Prospect, Kemerovo, 650065, Russian Federation, T.F. Gorbachev Kuzbass
State Technical University, Vesennyaya street 28, Kemerovo, 650026, Russian Federation e-mail: gbl 42@mail.ru

Contribution of the authors:

Pavel B. Gericke — formulation of the research task; review of relevant literature; formation of the structure of the main
tasks; collection of factual and statistical information at the enterprise; analytical calculations; formulation of the con-
clusion.

Boris L. Gericke — formulation of the research task; review of relevant literature; formation of the structure of the main
tasks; collection of factual and statistical information at the enterprise; analytical calculations; formulation of the con-

clusion.

Authors have read and approved the final manuscript.

Chyal
=]

82

Mining Equipment and Electromechanics. No. 4, 2025. PP. 76-82



FOPHOE OBOPYI0BAHIE
I ANEKTPOMEXAHMKA

rANs
bnr5. AN

4 (180)°2025



HAYYHO-MPAKTUYECKUI XKYPHAN

[OPHOE OBOPYLIOBARUE
A INEKTPOMEXAHVIKA

OcHosaH B 2000 rogy

nasHbIii peakTop:
Xopelwok A.A., f,T.H., npod.

3am.rn. peakTopa:
NaryHosa FO.A., A.T.H., npod.
Kantosny J1.W., A.T.H., npod.

Pe/jakLMOHHbI COBET:

Tpy6eukoii K., akag. PAH, A.T.H.

FankvH B.A, A.T.H.
Mep3nskos B.I"., 4.T.H., npod.

BrtomeHLLTelH B.1HO., A.T.H., npod.

AxceHos B.B.,, akag, ArH., 4.T.H.

PefjakUMoHHas konnerns:
Anppeesa /U, A.T.H.
AnHakynos T.K., K.T.H., ol
Bopo+osa 3.0, A.T.H., npod.
Fankuu B.W., A.T.H., npod.
[ne6os AB., KT.H.

XabuH A.B., 4.T.H., Npo.
3blpsHoB W.B., A,T.H.
Jlsixomckuii AB., A.T.H.. npog.
Mes3Hep /1.4.. A.T.H., npod.
Metpos B.J1., A.T.H., npod.
CeMblkuHa WO, A.T.H., npod.
Townpos 0.3, A.T.H., npod.
Tpuaos ™[, A.T.H., npodh.
XazaHosuy I".LLI., A4.T.H., npod.
FOHrmelicTep JA., A.T.H., Npog.

Yupepautenb 1 n3garenb:
®re0Y BO «Kysbacckuii
TroCy/apCTBEHHbIIA TEXHUHECKIIA

YHUBEpPCUTET MMeHn T.®. MopbaveBa»

AZpeC  yupepuTens, usgatens

pejakuum:

650000, Poccus. Kemeposckas 06nacTb,

r. Kemeposo, y/. BeceHHss 28

TexHUueckunii pefakTop:
OcTtarud O.A

[ln3aiiH 0610XKM, KOMMbIOTEPHAS

BepcTKa: bopognH [.A.

TenedhoH pefakumn:
+7(384-2)39-63-14

Email: gormash@kuzstu.ru
CaiiT: http://gormash.kuzstu.ru

BbixoanT 6 pa3 B rog ISSN 1816-4528

COLEP>XAHUNE

3NEKTPOTEXHUYECKWE KOMIMIEKCbHI 1 CUCTEMBbI
BuHorpagos A.b., Cwu6upueB A.H, UYHcTocepgos B.J1., THesgos H.E.,
KopoTtkos A.A., EpmakoB K.K. PacluvpeHHble (hyHKLMOHabHbIe BO3MOXHOCTN

1 MIMNOPTO3aMeLLieHI e B TAFOBOM 3/71EKTPOOGOPYA0BaHUN KapbepHbIX CAMOCBAIOB........ 3
PactBopoBa W.W., TpydaHos C.A. MogenmpoBaHne CUCTEMbI KOHTPONA U
ANarHoCTUKWN 3NEKTPOTEXHNYECKOTO KOMMeKca ﬁypOBOI7I YCTAHOBKMN......oeevieiiiiiiiinn 12

FOPHbIE MALUVHbI
Kocapes W.B., MesHnkos A.B., Kocapes B.B., AHgpees I.B., YaiikoB E.M.
MpyHyauTeNbHas  LMPKYJSLUMOHHAA — cuCTeMa  CMa3KM  BbICOKOHArpyXeHHbIX
TpaHCMKCCUIA OuMCTHOrO KomGaiiHa KAK 1000 22
AHgpeesa J1./1., HeBonnHa E.M. KOHTpO/b onacHbIX Npou3BOACTBEHHbIX CUTYaLWiA
KaKk Crnoco6 MOBbILLIEHNS KBAIM(UKALWMM PEMOHTHOTO MepcoHana B 06nacTu

obecrieveHunst Ge30MacHOCTU NPOU3BOACTBA 37
Axppeea J1./. TnaHupoBaHWe (WMHAHCOBbIX PECYPCOB B PEMOHTHOW CnyxGe
ropHO/A06bIBaIOLLEr0 NpeAnpuaATUA 49
Monos W.M., bokapes A.W., [ly6uHkuH [.M. AHanua MeTOAVK NPOEKTMPOBaHWA
HECYLLMX CUCTEM KapbepHbIX CaMOCBasoB 60
AkceHos B.B., Mametbes J1.E., Mawkos [.A. Cunosble napameTpbl reoxoga npu
LLIArOBOM PEXVMe iBUXEHUS 69
lepuke TN.B., Mepuke B.J1. MpuMeHeHne efuHbIX KPUTEPUEB ANA AWNAarHOCTUKW U
NPOrHO3VPOBaHMS TEXHUYECKOTO COCTOSIHMS MOALIMIHNKOB 76

3aiiueB J1.A., Bokapes A.W., OwavoB B.A., HeckuH W.B., Caposey B.IO,,
3akpacosckuii [./. C60p aKcrnepuMeHTabHbIX aHHbIX 06 9KCMTyaTaLun KapbepHbIX
aBTocamocBanoB BE/TIA3-7530 (yacTb 1) 83
3aiiues J1.A., Bokapes A.W., AuanoB B.A., Heckun W.B., Capgosey B.lO.,
TypreneB W.A. C60p 3KCrepUMEHTabHbIX AaHHbIX 06 3KCr/lyaTauuy KapbepHbIX
aBTocamocsanoB BE/TA3 7530 (4acTb 2) 91

I'Ioamwm pepakuun He Bcerfa cosnajaete TOuKON 3peHus aBTopoB I'IyGI'IVIKyEMbIX
matepuanos.

MoNHOTEKCTOBbIN AOCTYN K 3N1eKTPOHHOI BEpCUM XypHana Ha caiite www.elibraiy.ru
Hanorosas nbrota - O6LLepoccUiickuiA KnaccutukaTop NpoayKLumm
W3panve cooTseTcTByeT Kogy 58.14.1 OKM/A2 OK 034-2014 (KIEC 2008)

XypHan 3apeructpupoBaH ®efepanbHoii  cnyxGoii Mo Hagsopy B cdepe  CBA3W,
MH(OPMaLIMOHHBIX TEXHO/IOTUA 1 MaCcCoBbIX KOMMYHUKALWIA - PernucTpaLyMoHHbI Homep M
Xy ®PC77-76284 o1 19 mionsa 2019 r.

XypHan BkntodeH B MepedeHb BAK P® - Bedylwyx peLieH3VpyembiX HayuHbIX XYpHanoB u

M3[aHNA, B KOTOPbIX [OMKHbI GbiTb OMYGIMKOBaHbI OCHOBHbIE Hayu4Hble pe3yNbTaTbl

[iccepTauyii Ha CoMCKaHMe Y4eHbIX CTeneHel [OKTOpa W KaHAuAaTa HayK Mo Hanpas/ieHusm

(TeXHWYECKVe HayKu):

- 2.5.5. TexHonorvs 1 06opyoBaH1e MexaHN4YecKoi H (hr3NKO-TeXHUYECKOI 06paboTkn
(TeXHW4eckune Hayku)

- 2.4.2. JneKTPOTEXHNYECKME KOMMNEKChI U CUCTEMbI (TEXHUYECKUE HayKW)

- 2.8.8. [e0TEXHONOTUS, TOPHbIE MALLUHbI (TEXHUYECKWE HayKM)

[Marta Bbixoga B cseT: 28.08.2025. dopmat 60x84/8. bymara oceTHas. OTneyataHo Ha M®Y.

Yu.-u3g. n. 12,5. Tupax 70 ak3. 3aka3 70. LieHa ceoboaHas

Agpec Tvnorpaduu: M3gatensckuii ueHTp Kyl TY

650000, Poccus, Kemeposckas 06nacTb, r. Kemeposo, yn. [l.beaHoro. 4a

© Ky36acckuii rocyjapcTBeHHbI TEXHUYECKUI YHUBEpCUTET uMeHn T.®. Mop6ayesa. 2025


mailto:gormash@kuzstu.ru
http://gormash.kuzstu.ru
http://www.elibraiy.ru

SCIENTIFIC AND PRACTICAL JOURNAL

MINING EQUIPMENT
AND ELECTROMECHANICS

GORNOE OBORUDOVANIE | ELEKTROMEKHANIKA

Founded in 2000

Editor-in-chief:

Khoreshok A. A.. Dr. Sc., prof.
Deputy editor-in-chief:
Lagunova, Yu. a., prof.
Kantowicz L. I., Dr. Sc., prof

Editorial board:

Trubetskoy K. N., Acad. RAS, Dr. Sc.

Galkin V. A., Dr. Sc.

Merzlyakov V. G, Dr. Sc., prof.
Blumenstein V.Yu., Dr. Sc., prof
Aksenov V. V., Akad. AMS., Dr. Sc.

Editorial Team:

Andreeva L. |, Dr Sc
Annakulov T.J., PhD, assoc, prof
Voronova E.Yu., Dr. Sc., prof
Galkin V 1, Dr Sc., prof.
Glebov A.V., Ph. D.

Zhabin A B, Dr. Sc., prof
Zyryanov |. V., Dr. Sc.
Lakomski A V., Dr. Sc., Prof
Pevzner L D, Dr Sc., prof
Petrov V. L, Dr Sc., prof
Semykina 1. Yu., Dr. Sc., prof.
Toirov O.Z., Dr. Sc., prof
Trifanov G. D., Dr Sc., prof
Khazanovich G. Dr. Sc., prof.
Jungmeister D. A., Dr. Sc., prof.

Founder and publisher:

Issued 6 times a year ISSN 1816-4528

CONTENTS

ELECTROTECHNICAL COMPLEXES AND SYSTEMS
Vinogradov A.B., Sibirtsev A.N., Chistoscrdov V.L., Gnczdov N.E., Korotkov A.A.,
Ermakov K.K. Enhanced functionality and import substitution in traction electrical

equipment for Mining dUmMP trUCKS.......vcciiice s 3
Rastvorova LlI., Trufanov S.A. Modeling of the control and diagnostics system of the
electrical complex 0f the drilliNg Fig ..o 12

MINING MACHINES
Kosarev L.V., Meznikov A.V., Kosarev V.V., Andreev G.V., Chaikov E.M. Forced
circulation lubrication system for highly loaded transmissions of the KDK 1000

CleaNiNG COMBINE ..ot 22
Andreeva L.I., Nevolina E.M. Control of hazardous production situations as a way to
improve the skills of repair personnel in the field of industrial safety.........ccccccoeoverrinnen. 37
Andreeva L.l. Financial resource planning in the repair service of a mining enterprise .. 49
Popov I.P., Bokarev A.l., Dubinkin D.M. Analysis of methods of designing load-
bearing systems of mining dump truCKS........ccccviiiiii s 60
Aksenov V.V., Mametycv L.E., Pashkov D.A. Geokhod power parameters in step
IMVOTE .ottt bbb 69
Gericke P.B., Gericke B.L. Application of uniform criteria for diagnostics and
forecasting of technical condition 0f BEAringS.......ccocovvieiviiiiic e 76

Zaitsev L.A., Bokarev A.l, Dianov V.A., Neskin LV. Sadovets V.Yu.,
Zakrasovsky D.l. Experimental data collection about dump truck BELAZ-7530
operation in an open Pit MINE (PArt 1) ...oooovvieirieeee s 83
Zaitsev L. A., Bokarev A. L, Dianov V. A., Neskin I. V., Sadovets V. Yu.,
Turgenev 1. A. Experimental data collection about dump truck BELAZ 7530 operation

T F. Gorbachev Kuzbass state technical
university iN an open Pit MINE (DA 2) ..c.ceiererreeeiecee bbbt 91

Address of the founder, the publisher
and the Editorial office:

Russia, 650000, Kemerovo region,
Kemerovo, 28 Vesennyaya str.

The editorial position docs not always coincide with the point of view of the authors of the
published materials.

Full-text access to the electronic version of the journal is on website www.elibrary.ru
Tax relief - All-Russian product classifier

Technical editor: o
The publication corresponds to 58.14.1 OKPD 2 OK 034-2014 (KPEC 2008)

Ostanin O A

The journal is registered by the Federal Service for Supervision in the Sphere of
Communication, Information Technologies and Mass Communications - media registration
number No. FS77-76284 of July 19, 2079,

Cover design,
computer layout: Borodin D A

Tel.: +7(384-2) 39-63-14

The journal is included in the Russia List of the Higher Attestation Commission being the list

of the leading peer-reviewed scientificjournals and publications in which the main scientific

results of theses for the academic degrees of a doctor and candidate of sciences should be

published in the following areas (engineering):

- 2.5.5. Technology and equipment for mechanical and physical-technical processing
(engineering)

- 2.4.2. Electrotechnical complexes and systems (engineering)

- 2.8.8. Geotechnology, Mining machines (engineering)

Email: gormash@kuzstu ru
Website: http://gormash.kuzstu.ru

Date of publication: 28 August 2025. Format 60x84 /8. Offset paper. Imprinted on MFPs.
Published sheets 12,5. Edition 70 copies. Order 70. Free price

Address of the printing house:

Publishing center KuzSTU

Russia, 650000, Kemerovo region, Kemerovo, 4a, D. Bednogo str

O T. F. Gorbachev Kuzbass State Technical University, 2025


http://www.elibrary.ru
http://gormash.kuzstu.ru

