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BBIBOP OIITUMAJIBHOI'O METOJIA BOCCTAHOBJIEHUSA JETAJEN
3KCKABATOPOB HA OCHOBE DKOHOMHYECKOM IIEJTECOOBPA3HOCTH
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Ooobpena nocne
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Kniouegvie cnoga:

MemoO 80CCMAHOBNEHUSA, USHOC

NOBEPXHOCMU, OMKA3, NPOCHOU,
aghgpexmusHocms, omuocumens-
Has cebecmoumocme.

Annomayus.

Ilpeocmaenen 0630p naubonee dhPHeKmMuUBHbIX U NPUMEHAEMBIX MEMOI08 0C-
CMaHoGLeHUsl U YNPOUHeHUs: Oemaell IKCKA8amopo8 YUKIUYHO20 O0elticmeus Ha
20pHO00bbIBaOWUX npednpusmusx Poccuu ¢ yuemom xapaxmepa Hazpysicenus,
YCA08ULL IKCHLYamayuy, 8U0d UsHAWUBAHUs demainel, ux 2abapumos u Maccoi.
Hewmanosagicnyio poav npu evl00pe memooa 60CCmMaHo61eHus: uspaem npuHamas
Ha 20pHOO00bBIBAIOWEM NPEONPUAIMUU CINPAMESUS PEMOHMHO20 OOCTYHCUBAHUS
eopHoti mexuuku. Ha ocnoge ucciedoanuii KOHCMPYKMUBHbIX U (QYHKYUOHATb-
HbIX 0cobeHHOCmell YKCKABAMOPO8, AHAAU3A NPOCHOe8 U OMKA308 Oemaell U
V3108 OaHbl peKoMeHOayul, No360JA0uUe NOBLICUMb O0J208€YHOCHb 2OPHBIX
MAWUH Npu ux 3KCRIYamayui, Kaxk npousso0CMEeHHOU, MAK U MeXHUYeCKOU.
Onpedenenvl epynnvl oemanell U Y3108 3KCKABAMOPO8, HAuboiee 4yacmo noo-
BEPICEHHBIX USHOCY U PeMOHMHbIM 8030elicmeusam. [Ipedcmaesnenvt naubonee
nepcnekmueHble Memoobl U MAmepuanbl Ost YIVHuleHus No8ePXHOCMHbIX Xd-
PAKmMepucmuK 0emaieti IKCKAsamopos, no36080uWue Yeeauuums U3HOCOCMOli-
KOCMb Y3708 IKCKABAMOPOE U CPOK UX CIyxHcOvl. B kauecmse ocnosHo2o kpume-
pus 8b100pa Memooa 80CCMAHOBNIEHUsL NPEOLOANCEHA OMHOCUMENbHASL cebecmo-
UMOCMb B0CCMANHOBNIEHUSL NOBEPXHOCMU Oemaiell IKCKABAMOPOS YUKIUYHOO
deticmeust, umo no3zeoaum 6ojee 0O0CHOBAHO U IPOEKMUBHO NIAHUPOBAMb
010001cem peMOHMHOU  CYyHCObl, COCMABNAMb NIAH-2PAPUK GbINOIHEHUS pe-
MOHMHO20 OOCIYIHCUBAHUAL MEXHUKU U ONpeoeisimb YenecooOpasHocms npume-
HeHUsl MO20 Ul UHO20 Memo0d 860CCMAHOBIEHUS U YNPOUHEeHUs Oemdalell.
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[lpu peanu3anuu CTPATETdH Pa3BUTHS TOPHOTEX-
HHYECKOM CHCTEMBI HEOOXOIUMO 00€eCIeynBaTh KO-
HOMHUECKYI0 3((PEKTHBHOCTh TEXHUYECKOW U MPOM3-
BOJICTBEHHON  3KCIUIyaTallud T'OPHOTPAHCIIOPTHOTO
obopynoBanus. [lommepikaHue TOPHOM TEXHHKH B pa-
00TOCITOCOOHOM COCTOSIHUM BO MHOTOM 3aBHUCHUT OT
MIPUHATON HA TOPHOAOOBIBAIOIIEM MPEINPHUITHH CTpa-
TErMA PEMOHTHOW CIyXOBI, BHIOOpa ONTHMAIBHBIX
METOJIOB BOCCTAHOBJICHUS Y3JIOB U JICTAJICH, a TaK:Ke OT
9KOHOMHYECKOU IeJIeCO00Pa3HOCTH PEMOHTHBIX BO3-
neiicTBuiil.

'HUP Ne_ B pamkax Temsr: 1 (92022-2024) Metomonorude-
CKHME€ OCHOBBI CTPATerHMH KOMIUIEKCHOT'O OCBOCHHMS 3alacoB
MECTOPOK/ICHHH TBEP/BIX IOJIE3HBIX HCKOIIAEMbIX B JHHA-

BbIOOp MeTO1a BOCCTAHOBJICHHS MPEACTABISIET CO-
00l CIOXHYIO TEXHHKO-3KOHOMHUYECKYIO 3ajady, MpH
peUICHUN KOTOpOfI MNpUXOAUTCA HE TOJIBKO YUWUTHIBATH
U COIOCTABJIAThH IMOKA3aTeId CTOUMOCTH, HO U YUHUThI-
BaTh BIMSHHUE M3HOCOCTOWKOCTH JETaJeli Ha CPOK HX
ciIyk0bI, COOTBETCTBUE TPEOOBAHUN KauecTBa JeTaneit
YCIIOBUSIM HOPMAJIBHON paOOTHI IJIS1 UCKITFOUCHUS TEX-
HUKO-TEXHOJIOTHYECKUX PUCKOB MPU SKCIUTyaTaluu
MamHbL. BrI0op crocoba BoccTaHOBIICHUS (YIIPOYHE-
HUs1) JeTanell 00bIYHO BBHIIOJHSOT B JBAa WM TPH 3Ta-
ma. [IpeaBapUTeNbHO pPacCMATPUBAIOT TEXHOJIOTHYE-
CKHE BapHaHTHI, O0ECHCYMBAIONINE BOCCTAHOBIICHHUE

MHKE pa3BUTHs TropHoTexHmuyecknx cucrem (FUWE-2022-
0005), per. Ne1021062010531-8-1.5.1
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Tab6muma 1. OCHOBHBIE XapaKTEPUCTUKHA CITOCOOOB BOCCTAHOBIICHUS M YIIPOYHECHHUS
Table 1. The main characteristics of the methods of restoration and hardening

CIy’)KeOHBIX KauyecTB, a 3aTeM M3 HHUX BBIOHPAIOT
HanboJiee ONTUMAJIBHBIM BapHaHT TI0 OJHOMY WJIH He-
CKOJILKMM 00O0OIIAIOIINM TOKa3aTEIISIM.

OmHUM M3 TaKMX MOKa3aTejed SBISETCAI OTHOCH-
TeJIbHAsE ce0ECTOMMOCTE — C€0ECTOMMOCTL BOCCTAHOB-
neHusi (YOpOYHEHHMs) JAETalli, OTHECEHHAss K CPOKY ee
CITy>KOBI MIOCJIE PEMOHTA:

o o 3w
tp1 tg2
rie
CB1 u CB2 — cebecTOMMOCTh BOCCTAaHOBJICHHUS (YIpoU-
HEHHs) JeTalld COOTBETCTBEHHO IIEPBHIM H BTOPHIM
crocobamu;
tB1 U B2 — CPOKH CITyKOBI IeTaNH.
TakuM 00pa3oM, OTHOCUTENbHAs Ce0ECTOMMOCTD —
9TO OCHOBHOH KPHUTEPHil NPHU OIEHKE IeIeCO00pa3Ho-
CTH ® BBIOOpEe cmoco0a BOCCTAHOBJICHHS JeTalld

[1,2,3].
OxoHOMHUUecKass 3PPEKTUBHOCTh pa3pabOTaHHOTO
TEXHOJIOTUYECKOTO mporecca BOCCTaHOBJIEHUS

(YnpodHEeHHs) AETAIH ONPEACISICTCS ITyTEM CPaBHEHUS
mokazareseil ce0eCTOMMOCTH BOCCTAHOBJICHUS JIETalld
CO CTOMMOCTBIO JIETANIM M CeOECTOMMOCTH JICTANIU TIPU
Pa3IMYHBIX CIIOCO0axX BOCCTaHOBICHUS [4,5].
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'| 1 | Hanmaeka Bonbias 30Ha TepMUYECKOTO i
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! a) AIIEKTPOIIIAKOBas 15-30 HRC-55-60 15-3 BIMSHWSA, CHIDKCHNE yCTa !
| 0) BuOpoayroBas 0,5-2,5 JIOCTHOU TPOYHOCTH !
1 1
! 1
i | 2 | XpomupoBaHue 0,5 HB600-1000 1,8-2 Hu3kas Ipou3BoaUTeNbHOCTD. | !
| CHIWKEHHE yCTaTOCTHOM !
: HPOYHOCTH !
1
! 3 | OcranuBaHue o 3 HRC35-45 1,2-1,5 | Huskas mpon3BOAUTEIEHOCTE |
1
! U TEXHOJOTUYHOCTh !
' 4 | JleTOHAaLMOHHOE HAIBLICHHE 0,1-0,15 2-2,5 ObecrieyeHne 0e30IMacCHOCTH !
| JleToHaIIMOHHOE YIIPOYHEHHE 1o 40 (s HB400-600 1,3-1,5 | mpomecca, 3HaUNTENEHBIC '
1
! 110I"13J) ITYMOBBIE HATPY3KH |
1
' | 5 | AsotupoBaHue, 1-15 8-12ITla 2-2,5 Bricokue TemmepaTypsl Ipo- !
! 00opHUpOoBaHUEe L[ECCOB, OOJIBIIAS ITTUTEITb- !
! 1
| HOCTh !
i 6 | Il;masMeHHOE HAIBIIICHUE 0,5-5 HRC-60-62 1,5-12 | HeBblcokas aaresus, HEOOXO- | |
: JMMOCTb HOATOTOBUTENBHBIX | 1
1
! U QMHUIIHBIX Oneparui !
' 7 | JlasepHas HarmiaBka 0,5 2-8 OTHOCHUTENLHO BBICOKAS CTO- !
| JlazepHoe ynpouHeHue 1-15 HRC-60 2-6 UMOCTb 000pYI0BaHUS '
! 1
1 1
i | 8 | BakyymHoe HamblIeHUE 0,001-0,2 HRC-60 2-12 Hwuskast npou3BoANTENBHOCTD. | !
| CpaBHUTENBHO CIIOKHAS TE€X- |
i HOJIOTUsl |
1

O} dexTUBHOCTh BOCCTAHOBIIEHUS JETAIHN BBIpaXKka-

eTcs yepe3 kodhGurreHT 3G HEeKTUBHOCTH:

K. = Cy tg cp.

® Cptugp.

rue:
CB u CH — cebGecToMMOCTh COOTBETCTBEHHO BOCCTa-
HOBJICHHS JIETaJIM U U3TOTOBJICHHUST HOBOM;
ts cp. U tu. cp. — CPEIIHUI CPOK CITY)KOBI BOCCTaHOBJICHHO
Y HOBOW JIeTaJIN.

[pu K, < I npumenenne criocoba He 1erecoodpas-
HO.

Ji1  OKOHYATEeNFHOTO BBIOOpA BOCCTAHOBIICHHS
(YynpodHeHHs) JOKHBI YIUTHIBATH TPEOOBAHUS YKOJIO-
THYECKOW YHCTOTHI MPOIecca U MpaBmia 0€30IacHOCTH
HpoBeeHUsT paboT, ycIoBUs obecredeHus: paboTocto-
COOHOCTH y3JIOB Ml MAIIITHEI B [IEJIOM, XapaKTep Harpy-
JKCHHSI, BEJMYUHY HArpy3KH, BHJ W3HAIIMBAHUS JCTa-
M, TadapuThl U Maccy. [Ipu OTCYTCTBUM JaHHBIX 10
pecypcaM KOHKPETHBIX JIeTajell, UX CTOUMOCTH MOXKET
HCTIOTB30BaThC MH(OPMAIS MO aHajoram, SKCIepu-
MEHTAJbHBIC JaHHBIC W PE3yJbTATHI IKCIIEPTHBIX OIIe-
HOK [6,7,8].

Jis mpenBapuTenbHOTO BBIOOpa cmocoba BoccTa-
HOBIICHHSI U YIIPOYHEHUs JeTajeid B Tabnue 1 ceme-
HBbI OCHOBHBIC XapaKTEPHCTUKU HEKOTOPHIX CIIOCOOOB
BOCCTAHOBJICHUS U YIPOYHEHHSI.
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[IpoBeneHHbIE HCCIICIOBAHUS, aHAJIM3 KOHCTPYK-
TUBHBIX M (YHKIMOHAIBHBIX OCOOEHHOCTEH, Harpu-
Mep, 3kckaBatopoB OKI'-15 u OKI'-20, ouenka gomnro-
BEYHOCTH M PEMOHTONPUTOJHOCTH Y3JIOB M MEXaHU3-
MOB, a TaKXe€ PacCMOTPEHUE pPa3JIMYHBIX CIIOCOOOB
BOCCTAHOBJIICHUS M YNPOYHEHUS AETaled Nalu BO3-
MOXHOCTb C(OPMYJIMPOBATh NPEIJIOKEHUS, BHEIpE-
HHE KOTOPBIX MO3BOJUT YJIYYIIHTh ITOKA3aTENN JONTO-
BEYHOCTH M peMOoHTonpuroganoctu [9,10].

Bce mpennoxeHus, peKOMEHAAINN TIPEIIIONAraloT
BO3ICHCTBUE Ha YIy4YIICHHE pPabOTOCHOCOOHOCTH IIO
TpPEM OCHOBHBIM HamlpaBlieHHsIM. [lepBoe — KOHCTpPYK-
TUBHOE COBEPILICHCTBOBAHUE Y3JIOB U MEXaHU3MOB,
BTOpPOE — TIOBBILICHUE AOJTOBEYHOCTH 4epe3 pas3iiuy-
HBIE TEXHOJIOTHYECKHe (akTopsl (HE TOJIBKO B ITPOLIEC-
Ce M3TOTOBJICHMS, HO U IIPU PEMOHTE KCKaBaTOPOB),
TpeThe — YJy4lIEHHE YCIIOBUI JKCIUTyaTalllu, COBEp-
IICHCTBOBAaHUE TEXHUIECKOTO o0cmyxuBanus [11,12].

HexoTopslie npemnosxeHns: Iocie MPOBEPKU B MPO-
MBIIIJIEHHBIX YCJIOBHAX MOTYT HENOCPEICTBEHHO HC-
MOJTb30BAThCSl HA TPEANPHATHAX, IPyTHEe TpeOyoT
MIPOBEICHUS OTIEIBbHBIX HCCIIENIOBATENBCKUX paboT |
Hay4YHOH NpopabOTKU Ui MOCIEAYIOIIEro BHEAPEHU
B IIPOHM3BO/ICTBO.

AHanmu3 0TKa30B Y3JI0B U IPOCTOEB 3KCKaBaTOPOB
MoKasal, 4To B IIEPBYIO o4yepeab HeoOXOIUMO IpoBe-
JleHre paboTHl MO IMOBBIIMICHUIO JTOJITOBEYHOCTH Clle-
NyIOMMX AeTaneil u y3moB 3kckaBatopa DKI'-20: pa-
6odero obOopymoBaHUS (OCOOCHHO KOBINA), TYCCHHY-
HbIX 3BeHbeB, MexaHusma OJIK, ponukoBoro kpyra,
MeXaHu3Ma IMoabeMa, a Iuid dKckaBaTopa JKI'-15 —
KOBIIIA, KAHATOB HAIOpPa, MOJbEMa, BO3BPATa, CHCTEMBI
CMa3KH, CEAJIOBOTO IOJIINITHNAKA, POJMKOBOTO KpyTa,
3BEHBbEB T'YCCHHI], TTOJBECKH KOBIIA. XyAIINE MOKa3a-
TEJIM UMEIOT Kak OoJibllas 4acTh MEPEUUCICHHBIX Y3-
JIOB U JeTajel, Tak M JOMOJIHUTEIBHO CTpena, peayK-
TOP X0/1a, PyKOSATb.

C yuerom aHanm3a wHpOpMAIMH TO OTKa3aM H
mpocTosiM ObUTH  cHOPMYITHUPOBAHBI TPEATIOKECHUS U
pexomenaanuu. Ilpyu 3TOM HCTIONB30BANICS ONIBIT MEpe-
JIOBBIX TIPEIPHSITHI 1 Pe3yNIbTaThl IPOBEICHHBIX IKC-
MIEpUMEHTOB.

Jlemanu pabouezo obopyodosanus.

3yObsl KOBIIA OTHOCATCS K Hamboliee OBICTPOM3HA-
IIMBAIOIIUMCSL  JIeTalsIM ~ pabodero oOOpyJOBaHMS.
[IpennpusTus eXeroqHo HecyT OoJpInne GUHAHCOBEIE
3aTpatsl MO 3aMeHe 3yObeB KOBIIEH.

Kak mokasany mpoBeneHHBIE HCCIEAOBaHMA, Of-
HUM 13 3(Q(HEKTUBHBIX CPENCTB JIOJITOBEYHOCTH 3yObheB
SIBJISIETCSL HAIUIAaBKa U3HOCOCTOMKMMHU MaTepuanamu. B
HACTOsIIee BpeMsl OHA NPOM3BOAUTCS Ha HEKOTOPBIX
PEMOHTHBIX HPEINPHUATHAX, HO YacTO BPYUHYIO, C HC-
TI0JIb30BaHNEM CITy4alHBIX HAaIIABOYHBIX MAaTEpPHAJIOB.

HannaBka copmaiiToM ¢ mpUCaAKOH KeIe3HOro IMo-
pOIIKA ¥ IPYTMMH W3HOCOCTOMKHMMH CIUIaBaMH I103BO-
JSIET YBEJIUYUTD JIOJTOBEYHOCTh 3yObeB MOYTH B 3 pa-
3a. [Ipy HamaBKe JIGHTOYHBIM 3JIEKTPOJOM CIUIaBa
6X7HI"2C nHa 3y0bs u3 ctamu 35 yxanocs B 4 pa3a yBe-
JIMYHTH JOJTOBEYHOCTH 3yObeB. HammaBky HeoOXomu-
MO TPOM3BOINTE HE TOJBKO JUII KOMIIEHCAIIMU U3HOCA,
HO W C NPOMWIAKTUYECKUMHU IETSIMH. Y BEJINYCHHUE
HM3HOCOCTOMKOCTH IOJIOKHUTEIHHO CKaXKeTcs Ha paboTe
Bcero pabovero o0OpyIoBaHuMs, T.K. IpH padboTe C 3a-

TYIUICHHBIMU 3yOBbSIMM Harpy3kud Ha HEro BO3PacTaroT
Ha 20-25%.

Kpome HamnaBok, MNEpCHEKTUBHO YHNpPOYHEHUE
3yObeB KOBILEH B3pPHIBOM, @ B HEKOTOPHIX CIy4asx —
JICTOHAIIMOHHOE HamnbuleHWe. Kak IOoKa3bIBaeT OIbBIT,
IIPU YHOPOYHEHHH B3PHIBOM 3yObEB KOBIICH W3 CTalH
110TI'13JI rirybuHa ynipoYHEeHHOTO cjos qocturaeT 40-
50 MM. MI3HOCOCTOMKOCTD MOBBIIIAETCA HE MEHEE 4eM
Ha 30-50%. IIpu ynmpodHEeHNH B3PHIBOM IIOIyTHO BBI-
SIBIISIFOTCST CKPBITBIC Ne(eKTh (PaKOBUHBI, TPEIUHEI),
YTO TaKXKE IMOJIOKHUTEIBHO BIMSET Ha OE30TKa3HOCTH
3yObeB. JleToHaMOHHOE HaNBUICHHE NEeleco000pa3Ho
MIPOBO/UTH B KauecTBE NMPOPHUIAKTUIECKUX TOKPBITHH.

Kak mokazanx aHaim3 NPOCTOEB 3KCKaBATOPOB,
OYEHb BEJIMKH MOTEPH pabodero BpeMeHH IPH 3aMeHe
BTYJIOK U MaJIbIIeB pabouero obopymoBanus (0COOCHHO
KOBIIA). 3HOC majblieB HOCHT MECTHBIH XapakTep
(maner 4yacTto HpH 3HAYUTEIBHOM H3HOCE MPUHUMAET
(opMy KOJEHYATOTrO Basia). YUMTHIBAs 3HAUUTEIHHBIN
Bec 3TuX Aeraneil Ha skckaBatope DKI-20 (mo 100 kr
n Oosiee), MX MOYTH HEBO3MOXKHO M3BJICYb M3 COCIUHE-
HUSI, TOCKOJIbKY HE 3aKPEIUICHHBIE OT IPOBOPAYMBAHMS
MaJbIbl W3HAIIMBAIOTCS PABHOMEPHO TOJIBKO O Iep-
BBIX OIIYTUMBIX ClIeoB u3Hoca. llenmecooOpaszno
anpoOupoBaTh HMX KOHCTPYKTHUBHOE BBINOJIHEHHE C
¢ukcanyeld W NEpUOANYECKUM IMOBOpoToM Ha 120°.
ITocne moBopoTra manbiia pabOYMMU CTAaHOBSITCA YKe
JpyTUE YY9acTKU TMOBEPXHOCTH, TaKUM 00pa3oM, CpOK
CITy>XOBI ITaIbIIEeB MOXHO YBEINYUTh KaK MUHAMYM B 2
pa3a 0e3 JOMOIHUTENBHBIX 3aTpar.

B coueranmn ¢ OpyruMu MeToJaMH, TaKUMH Kak
XMMHKO-TepMHUUecKass 00paboTKa, J1a3epHOE YIpOUHe-
HHUE MOBEPXHOCTH M T.I., YCTAHOBKOM 3JIEMEHTAPHBIX
YIUIOTHEHUH B COEIMHEHUSX MOXHO IOBBICHTH CPOK
ux ciyxO0bl B 4 1 OoJee pasa.

OCHOBHBIMH InpuiyuHaMu €CTCCTBCHHOTO HW3HOCA
KaHAaTOB JKCKaBaTOpa SIBISIFOTCS CKOJIbKEHHE KaHaTa
IO PY4YbIO TBEPAOrO CTAJILHOTO OJIOKA M BBICOKHE
HampsKECHUA CMATHSA.

M3BecTHO, YTO M3HOC JIBYX TPYLIMXCS OJIHA O ApPY-
TYIO JleTanei, COCTAaBIAIOMMX Mapy (B JaHHOM CiTydae
mapy «OJIOK-KaHaT»), B 3HAUUTEIHbHON CTEIEHH 3aBH-
CHT OT COOTHOUICHUS MX TBEPJIOCTH. {151 yMEHbIICHHS
M3HOCA CTAJIbHOTO KaHaTa TBEPAOCTh MaTepuaia Oioka
JIOJDKHA OBITh MEHbBIE TBEPAOCTH CTAIBLHOTO KaHaTa.
[TpoBeneHHBIMM HCCIICIOBAHUSIMH JIOKa3aHa LeJeco-
00pa3HOCTh (YTEPOBKU py4YbeB OJIOKOB aHTHU(PPHUKIU-
OHHBIMU MaT€pHalaMU, TaK KaK IIPU 3TOM 3HAYHUTCIIb-
HO BO3pAacTaeT JOJTOBEYHOCTh KaHATOB.

Haubonee nepcriexkTuBHa (yTepoBKa OJIOKOB Ka-
OPOHOM WJIM KampojoHoM (puc. 1). @yrepyromas 00-
JIMIIOBKA U3TOTOBIISIETCS TIPH 3TOM B (popMeE CETMEHTOB,
a py4bu OJIOKOB IIPOTAYMBAIOTCH.

YCTaHOBIIEHO, YTO JIOJTOBEYHOCTh KAaHATOB IIPH
pabote Ha (GyTepOBaHHBIX OJIOKax YBEINYMBAETCS IO-
YTH B 2 pasa ¥ 3aBUCHT OT IpeJiesia yCTaIOCTH MaTepu-
aJia IMpOBOJIOK.

Ce010601i NOOWUNHUK.

C HCIIBIO MOBBINICHUA MDOJTOBCYHOCTH W YJIIydlle-
HUS pemoHTOonpurogaoctn mHcruryrom HUMOPT (r.
Uensabuuck) Obuta paszpaboTaHa KOHCTPYKIHSI BKJa-
JAbIIIa CEAJIOBOTO IOAMIMWIIHMKA CO CMCHHBIMH AHTH-
(pUKIOHHBIMY yteMeHTamHu [ 13].
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Hammygmmm  oOpa3oM  3apekoMeHIOBalu  ceOs
BKIQJBIIINA C aHTUPPUKINOHHBIMH DJIIEMCHTAMH W3
kanpojioHa. OHM U3rOTaBIMBAIUCHE MEX0OPaOOTKOI Ha
(pe3epHBIX CTaHKAX U3 OJIOKOB KampoJioHa.

OnbBIT MPUMEHEHHUS B MPOMBINUICHHBIX YCIOBHIX
BKJIJBIIIENH CEIJIOBLIX MOMIIMITHUKOB MOJLOOHOW KOH-
cTpykuu Ha skckaBatopax DKI-10 mokasan, uto ux
WCTOJIb30BaHNE TIO3BOJISIET YBEIUUUTh CPOK CITYXKOBI B
2-2,5 pasza, TPyIOEMKOCTh peMOHTa W 3aMeHHI B 8-10
pa3, YMEHBIIUTH W3HOC OallKu PYKOATH, VIIyUIIHTh
YCIIOBHS TPyJa O0CITYXHBAFOIIETO TIEPCOHANA, CHU3HUTh
MPOCTOM 3KCKaBaTopa B PEMOHTE, a CIEIOBATEIbHO,
YBEJIIMYATh WX TPOU3BOAUTEIHFHOCTh. M3HOC comps-
JKCHHBIX C BKJIAJBIIIAMA OANOK PYKOSTH YMEHBIIIACTCS
B 5-6 pa3 [13,14,15].

3ybuamulii 6eney, poauKosslll Kpye

Kaxk moka3bpiBaeT aHajan3 MpOCTOEB MPHU YCTPAHEHUH
OTKa30B 3y04aToro BeHIIa, TPYJA0EMKOCTh €r0 PEMOHTA
OuYCHb BEJIMKA, MO3TOMY MpUMEHEHHEe Haubojee 3¢-
(EKTUBHBIX METOZOB BOCCTAaHOBJICHHS DPa0OYMX IIO-
BEPXHOCTEH ITO3BOJIUT 3HAYMUTENHFHO CHU3UTH OOIIHE
MIPOCTOU SKCKaBaTOPOB.

OMBIT 3KCIUTyaTalliy yCHICHHBIX 3y0YaThIX BEHIIOB
u3 craimu 35XH2MJI ¢ yBenmudeHHOH JUIMHON 3y0a mgan
MOJIOKUTEIBHBIC PE3YIbTATHI, TOITOMY IIPH MOJEPHU-
3aIliU 9KCKaBaTopa [enecooOpa3Ho ero UCIOoIb30BaTh.

Bonbmias TpynoeMKoCcTh Tex0OCTyKUBAHUS, CPaB-
HUTEJIBHO HEOONBIION CPOK CIyX OBl JeTajeil yKas3bl-
BAalOT Ha HEOOXOIWMOCTh YIYyYIIEHUS KOHCTPYKIUH
pOJIMKOBBIX KpyroB. Hamboisiee BaxkHO TIpH 3TOM IIO-
BBIIIEHHE PAOOTOCMOCOOHOCTH Tap TPEHHS «OCh-
poiuK». Pemuth 3Ty 3amady MOKHO Kak MyTEM IpH-
MCHCHHs I[ICHTPAIM30BAaHHON CMa3kd, Tak u Oolee
MPOCTHIM U PaJIUKAIBHBIM CIIOCOOOM — UCIIOJIb30BaHH-
€M B POJIMKAaX BTYJOK W3 MOJIHAMUIHBIX CMOJI, HAIOJ-

Puc. 1. @ymeposxa pyuvs 610x08 y3aa sxckasamopa IKI-15

1 — 6nok; 2 — pymeposka

Fig. 1. Lining of the stream of blocks of the EKG-15 excavator assembly
1 —block; 2 — lining

e ———

I
|
.Y
e |

g

t. {

|| I|

1
| |

HEHHBIX mucynbduaom momubaena (1,5% mo Becy).
[Ipu sTOM oOTmamaeT HEOOXOOMMOCTH B CMa3bIBAHUHU
POJIMKOB, MOBBIIMIAETCS U3HOCOCTOUKOCTh Map TPEHWUSI,
YTO IOJIOXKUTEJIBHO CKa3bIBaeTCsi Ha paboTOCIIOCOOHO-
CTH JIpYTUX JleTalell y3ma (Hampumep, peibcoB). YUu-
TBIBas TO, YTO CMa3bIBaHHS IAp TPCHUS «OCh-POIHK»
MIPOU3BOIUTCS BPYUYHYIO, 8 KOJIMYECTBO POJIHKOB — 72
Ha skckaBatope DKI-15 u 48 na OKI'-20, B TeueHue
rojja IPOCTOM HKCKABATOPOB IIPH TEXOOCITYyKHMBaHUU
cHmkarTcs Ha 80-120 4acoB, 3KOHOMHTCS OOJIBIIOE
KOJIMIECTBO CMa3KH.

Coopka coeduHneHull ¢ O0XNAACOCHUEM 8 HCUOKOM
asome

Ha paboTocmmocoOHOCTE COTIPSDKEHUM, COSIMHEHIH
(kKaKk MOABMXKHBIX, TaK U HEPA3bEMHBIX) OOJIBIIOE BITH-
SIHUE OKa3bIBAET TEXHOJOTUsI cOOpkU. TpaauiroHHBI-
MU METOJaMH COOPKH HEPa3beMHBIX COCTUHEHHHA Ha
PEMOHTHBIX MPEANPUATHSIX SBISCTCS cOOpKa ¢ Harpe-
BaHHEM OXBATHIBAIOIEH METaJH, a TaKXKe 3alPeccCOBKa
Ha mpeccax. Kak mokaspiBaeT mpakTHKa, s obecrie-
YeHHsI TPECCOBOM TOCAIKH JCTANIH B JyYIIEM CIIydae
3alpPEeCcCOBBIBAIOTCS, a 3a4acTyr0 3a0WBAIOTCS B OXBa-
THIBAIOIIYIO JleTalb. [IpU 3TOM, €CTEeCTBEHHO, HOBpE-
KIAloTCs  (PaCKIICIIBIBAIOTCS) JAETald  COCTUHEHUS.
YXyamaercss Ka4ecTBO padoYeil MOBEPXHOCTH, H3Me-
HAIOTCS 3a30pbl (Kak MpaBWIIO, 3alpPecCOBLIBACMBIE
JIeTalli, HapuMep, BTYJKa, B CBOIO OUYepelb COMpsTa-
FOTCSl B TOABHMIKHOM COCAMHCHHH C JPYTHMMH JIETalls-
MH-OCSIMH, BaJlaMU U T.]I.), YTO 3HAYUTEIHHO CHIDKAET
paboTocmocoOHOCTD y3ia.

HecomHeHHBIMU TIpeuMyIIecTBaMU 00JIaaeT CIio-
co0 cOOpKH JTeTanieil ¢ OXJIaXKICHHEM B JKUAIKOM a30Te.
[IpenmymecTBa clieAyoIIHe:
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1. OOe pmeranu He moaBepraroTcs aehopMaluy,
9TO 3HAYMT, YTO JUI1 COOPAHHBIX Y3JIOB HE TpeOyercs
HocJeiyonel MalnHHOM 00paboTKH.

2. Ilo cpaBHeHuro co cOOpKOH ¢ HarpeBaHHEM
WIN C 3alpeccOBKOM MaHHBIM IPOLECC MPOHCXOIUT
o4deHb OBICTPO. [IPON3BOAUTENFHOCTE ATOTO CIIOCO0a B
20-30 pa3 BoImIe.

3. JIOCTOMHCTBOM METOJa TaKXKe SBIACTCS €ro
YHUCTOTA, OTCYTCTBYET TIpsi3b, BBIOCICHHE TIa30B OT
HarpeTo MacjasitHOW BaHHBI.

4. Meton TMO3BOJISIET JIETKO IIONYyYUTH Tpedye-
MYI0 NPOYHOCTh COEIUHEHMS, TPH NPECCOBAHUM Ke
HEOOXOAMMO TPHMEHSTh YacTO YPE3MEPHYIO CTEIEHb
CKaTHs TSI IOJTYYEHHS TAKOH 7K€ TIPOYHOCTH.

5. He TpeOyercs cioxHOro 00OpyIOBaHMs
(TONBKO pe3epByap Ul XpaHEHHs a30Ta W BaHHA JUIs
OXJIAKICHUSA ).

Takum 006pa3oM, OCHOBOH IS IPHHATHS KOHKPET-
HBIX pEIICHWH MO BHIOOPY ONTHMAIBHOTO CIOcCO0a
BOCCTAHOBJICHHS JieTajiell TOPHBIX MAIUMH W IOBBILIC-
HHS MX JOJTOBEYHOCTH sIBJIsIeTCA MHpopManus o0 oT-
Ka3ax, He TOJIbKO COfepIKallas KaYeCTBEHHYIO U KOJIH-
YECTBEHHYIO OLICHKY IOKa3aTeieil JOJTrOBEYHOCTH, HO
W pacKpblBamolias (U3MYECKYI0 CYIIHOCTh HPOLECCOB
BO3HHUKHOBCHHS OTKA30B TCXHHUKU.

IToMuMO 3TOro, ¢ TOYKH 3pEHUS IKOHOMUYECKOU
LIeNIecO00pa3HOCTH HEOOXOMUMO YYHTHIBATh cebecTo-
HUMOCTb BOCCTaHOBJICHUS JI€TaJIM, OTHECEHHYIO K CPOKY
ee CIIyKObI IOCJIe PEMOHTA.
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CHOOSING THE OPTIMAL METHOD FOR RESTORING EXCAVATOR PARTS
BASED ON ECONOMIC FEASIBILITY

Abstract.

The review of the most effective and applied methods of restoration and
hardening of details of excavators of cyclic action at the mining enterprises
of Russia taking into account the nature of loading, operating conditions,
type of wear of details, their dimensions and weight is presented. An im-
portant role in choosing the recovery method is played by the strategy of
repair maintenance of mining equipment adopted at the mining enterprise.
Based on studies of the design and functional features of excavators, analy-
sis of downtime and failures of parts and assemblies and recommendations
are given to increase the durability of mining machines during their opera-
tion, both industrial and technical. The groups of excavator parts and as-
semblies that are most often subject to wear and repair impacts have been
identified. The most promising methods and materials for improving the
surface characteristics of excavator parts, allowing to increase the wear
resistance of excavator components and their service life, are presented. As
the main criterion for choosing the recovery method, the relative cost of
restoring the surface of the parts of cyclic excavators is proposed, which
will allow for a more reasonable and efficient planning of the budget of
repair services, drawing up a schedule for performing repair maintenance
of equipment and determining the feasibility of using one or another meth-
od of restoring and hardening parts.

(@FO0H

Article info
Received:
15 September 2022

Accepted for publication:
01 October 2022

Accepted:
14 October 2022

Keywords: recovery method,
surface wear, failure, down-
time, efficiency, relative cost.

For citation: Andreeva L.l., Abramov S.V. Choosing the optimal method for restoring excavator parts based
on economic feasibility. Mining Equipment and Electromechanics, 2022; 6(164):33-39 (In Russ., abstract in
Eng.). DOI: 10.26730/1816-4528-2022-6-33-39

REFERENCES a mining enterprise. Mining information and analytical

1. Kilin A.B. [et al.] Innovative solutions for en-
suring high—performance operation of equipment of
large unit capacity. Ugol. 2013; 2:49-52.

2. Kilin AB. [et al.] Development of repair
maintenance and operation of BelAZ dump trucks at
the Chernogorsky section. Development of coal mining
production association: Mining information and ana-
lytical bulletin. Separate issue. 2016; 34:129-137.

3. Artemyev A.A. [et al.] On the issue of as-
sessing the resource of transmission elements of min-
ing machines. Mining machines and electromechanics.
2007; 9: 31-35.

4. Andreeva L.I. Application of methods for as-
sessing the technical condition of mining equipment at

bulletin (scientific and technical journal). 2018; 5:136-
143.

5.  Slyunkov V.N., Andreeva L.l., Dovzhenok
A.S. Indicators of the functioning of the system for
ensuring the operability of mining equipment. Coal.
Special issue. M.: 2008. Pp. 77-78.

6. Azev V.A. [et al.] The concept of develop-
ment of the system for ensuring the operability of min-
ing transport equipment of a coal mining association on
the example of LLC SUEK-Khakassia. Open-pit min-
ing in the XXI century-2. Mining information and ana-
Iytical bulletin. Separate issue. 2015; 4,45-2:276-287.

38

Mining Equipment and Electromechanics. No. 6, 2022. PP. 33-39


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

7. lvanov S.L. Fundamentals of the calculated
determination of the energy resource of gearboxes of
mining machines. Mining journal. 1997; 11:29-30.

8. Reliability in technology. Terms and defini-
tions. Moscow: Standartinform; 2011. 28 p.

9. Mikhailov A., Zhigulskaya A., Yakovskaya T.
Strip mining of peat deposit. In the collection: Mine
Planning and Equipment Selection: MPES 2017 Pro-
ceeding of the 26th International Symposium. Edited by
Behzad Ghodrati, Uday Kumar, Haran Schunnesson.
2017. Pp. 497-501.

10. Li X.A. Study on drum cutting properties with
full — scale experiments and numerical simulations /
Xuefeng Li, Shibo Wang, Shirong Ge, Reza Malerian //
Measurement. 2018; 144:25-36.

11. Le Q.H., Jeong., Nguyen C.T., Yang S.Y. De-
velopment of a Virtual Excavator using SimMechanics
and SimHydraulic. Journal of Drive and Control.
2013; 10(1):29-36.

© 2022 The Author. This is an
(http://creativecommons.org/licenses/by/4.0/).

open

The authors declare no conflict of interest.

About the authors:

access

12. Shishlyannikov D.P. ensuring the reliability of
operation and efficient service of tunneling and clean-
ing combines for the extraction of potash ores. Izvestia
of higher educational institutions. Mining Journal.
2020; 7:103-109.

13. Andreeva L.I. Abramov S.V. Polymer materi-
als as an alternative to non-ferrous materials and alloys
in the repair of mining equipment. Mining equipment
and electromechanics. 2022; 6.

14. Wood W.E., Adam B., Kadali J., Talla R.
Heat-Affected Zone Formation in Electrospark-
Deposition Additive Manufacturing on Ultrahigh-
Strength Strength Steel. Materials Performance and
Characterization. 2017; 6(3):376-393.

15. Khazhiev V.A. Assessment of the impact of
operational factors on efficiency of using mechanical
excavators at coal mines. Mining equipment and elec-
tromechanics. 2009; 6:21-26.

article under the CC BY license

Lyudmila I. Andreeva, chief researcher, Dr. Sc. in Engineering, Chelyabinsk branch of the Institute of Mining of the
Ural Branch of the Russian Academy of Sciences, (Russia, Chelyabinsk, st. Entuziastov, 30, office 718)

Sergey V. Abramov, Ch. mechanic of mining equipment repair department, C. Sc. in Engineering, Scientific Research
Institute for the Efficiency and Safety of Mining Production (LLC NIIOGR), (Russia, Chelyabinsk, st. Entuziastov, 30,
office 711)

Contribution of the authors:

Lyudmila I. Andreeva — formulation of a research task in collaboration with the staff of the laboratory of repair and
operation of mining equipment; review of relevant literature; participation in experiments; analytical calculations; con-
clusions; writing a text.

Sergey V. Abramov — review of relevant literature; collection and analysis of information; analytical calculations; for-
mulation of conclusions.

Author have read and approved the final manuscript.

«I'opHoe oGopynoBanue U diekTpoMexanuka» Ne 6, 2022, ¢. 33-39

39




