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NHHOBAIIMOHHBIE METO/IbI
ITOBbLIINNEHNA PECYPCA
M3HOIIEHHOM TEXHUKU

M3N10KeHbl MHHOBALMOHHbIE METOAbl MOBLIWEHUSA PEecypca W3HOLWEHHbIX COMpPAXKeHUN
TPEeHWA MAWKWH M 0DOPYAOBaHMA MPU UX TEXHUYECKOM OBCNYKMBAHMM NyTeEM BBEAEHVA B
KapTepHble Macna MuHepasbHbIX TPUOOTEXHUYECKMX COCTABOB W 3/IEKTPUYECKUX 3apsAfaoB OT
nopTaTMBHOro NpeobpasoBaTens B CUCTEME 3NEKTPOOOOpPYAOBaHUA MalLUH. BBeseHue B macna
XMMUYECKN aKTUBHbIX BELLECTB, CYCMEH3UI YacTuL, NPUPOAHbLIX U UCKYCCTBEHHbIX MWUHEPasos,
Mac/AHbIX PaCTBOPOB aKTUBHbIX OPraHWYEeCKUX BEeLLEeCTB, COJeli MEeTa/IoB OpraHUYecKux
KMCNOT, 3NEKTPUYECKUX 3apAfoB c notpebneHnem meHee 1 BT, co3gatowimx npoTUBOM3HOCHbIE
MOKPbLITUA, MOBBIWAKLWMX aAre3N0 CMA3KM TEXHUYECKM M IKOHOMMYECKM OMpaBAaHHO C
peHTabenbHocTblo 500—800 % u 6onee. CepneHTMHOBble TPUOBOCOCTaBbl CO34atOT MPOYHbIE
AHTUOPUKLMOHHBIE MOKPbLITUA. ITM MUHEpasbl 06ycnoBAMBaOT 06pa3oBaHME aIMA30MNOA06HbIX
YINepoAHbIX NAEHOK. WX MOBEPXHOCTb BbICOKOM YMCTOTbl M TBEPAOCTM, MOA HUMU BUAHbI
cneabl MexaHuyeckol o06paboTku, Ha 90% cocTosT M3 yriepoda, WX conpotueieHue 10—
300 Om/cm. dpdeKT cepneHTUHOBON 06paboTKM MPOABAAETCA 4Yepes vac M HapaluBaeTcs B
aKcnayaTaumm aaxe 6es TpubococTtasa. MpvBeaeHbl 1abopaTopHbie TPMOOTEXHUYECKME UCTIBITAaHUA
TpnubococTaBoB M NogayM 3apsAoB B Macna, KOTopble noaTBeprKAatoT 3OPEKTUBHOCTb He-

TPAANLMNOHHOM TPUOOTEXHUKM.

KntoueBble cnoBa: mMacna CMasoyHble, TPUOOTEXHUYECKME PEMOHTHO-BOCCTAHOBUTE/NbHbIE
COCTaBbl, 3/IEKTPUYECKUIA 3apag, KO3DDULIMEHT TPeHUs, U3HOC.

BeepeHue

B HacTtofilee BpemMA napk MallinH U
060pyAOBaHMA BO MHOIMX OTPACASIX 3Ha-
YMTEABHO M3HOLLEH, UMEET HU3KYIO HAAEX-
HOCTb, MOHMXEHHYIO PaboToCcNoCOOHOCTb
M TpebyeT NOBbILWEHHbIX 3aTpaT Ha 06-
CAYXMBaAHWE M YyacTble PEMOHTbI. B TO xe
Bpems ¢ 1930 r. pa3BnBatOTCA HOBbIE, HE-
TPaAMLMOHHbIE NPUEMbI MOBbILWEHUS pe-
cypca, HapeXHOCTH, paboTocnocobHOCTH
M3HOLLEHHbIX MaLUMH U 060PYAOBaAHMS He-
TPaAMLMOHHBIMK npuemamu [1—3, 7—10,
12—17]. B ux uncae — obpasoBaHmne aHTU-
GPUKLMOHHbBIX MOKPbITUIA B COMPSXKEHUSIX
TpeHusa (puc. 1) BBEAEHUEM NPOPUAAKTUYE-
CKMX, PEMOHTHO-BOCCTAHOBUTEAbHbIX, NPU-
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pPabOoTOUHBIX, HANPUMEP, MUHEPAABHbIX TPU-
60TEXHMUYECKNX COCTABOB.

B nocnepHee xe Bpemsa anpobuposa-
Hbl MPUEMbl IAEKTPUUYECKOTO BO3AENCTBUSA
Ha MacAa, KOTopble NOBbILIAKT aAre3uto
MaceA Ha MOBEPXHOCTAX TPEHUA U TEM ca-
MbIM YMEHbLLIAIT TPEHUE U U3HALLWBAHUE
AeTanel, paboTatoLumx B macaax [4, 6, 11].

LleAb HacCTOALLIMX UCCAEAOBAHUI — MOA-
TBEPAUTb 3OPEKTUBHOCTb AEWCTBUS pe-
MOHTHO-BOCCTAHOBUTEABHbIX TPUOOTEXHU-
YEeCKUX COCTABOB U NOAAYM B MAcCAa IAEK-
TPUUYECKMX 3aPAAOB.

Teopusa NpeAMEToB UCCAEAOBAHWIA NPO-
paboTaHa HepocTaTOUYHO. HO Ha ocHoBa-
HUKM UccaepoBaHui B Poccnn, Kutae, GuH-
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Puc. 1. LLUAng cpesa ruab3bl umAmHApa ansens 16V280Z Kutarickoro TenaoBo3a ¢ rnpoberom 150 Tbic. kKM
o1 Tpnb0o06paboTkm coctaBom «A.P.T.» (@); SA€MEHTHbIM COCTaB MNOKPbITUS M0 AGHHbIM XMMUYECKOIo
LleHTpa B I. XeAbCUHKM (TabAMYHbIE AaHHbIE B rpaguk nepesea K.T.H. KO.I. AaBpoB) (6); Ha AHE MOKPbI-
TUA — METaAAbl, BblLLE — COCTaB MEHSIETCH C HAKONAEHMEM YyraepoAa

Fig. 1. Thin section of slice cylinder diesel 16V280Z Chinese locomotive with mileage 150 thousand km from
truboacting composition of «A.R.T.» (a); The elemental composition of the coating according to the chemistry
Centre in Helsinki (tabular data in graph translated Ph.D. Y.G. Lavrov) (b); at the bottom of the coating —
metal, above — the composition varies with the accumulation of carbon

014 Macna u Tpubonpenaparhbl, UCcibiTaHHble Ha Tpu6omeTpe TRB-S-DE
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Puc. 2. KoagppuumeHTbl TpeHMs napbl naseu-Auck B macae Mobil API SJ/SL SAE 05W-30, B macae
M-10r2K (3A0 «PocHe(Tb»), @ Takxe ¢ BBEAEHHbIMU B OCAEAHEE TprnbococTaBaMu: NpodrraKTUye-
ckuit KAMI (000 «ABTocTtaHkomnpom»), FTMT ot 000 «L{HT», MC-2 (TOCHU-TU n 000 «PUI»), «CapaHoB-
ckuri» (FOCHUTU n BU3CX), HaHoaamasHbIi KAPAT (000 «PeanA3epxnHck» u KpacHosipckumii UXXT)
Fig. 2. Friction coefficients of the pair of the finger-disk in the Mobil oil APl SJ/SL SAE 05W-30, in the oil
M-10G2K (Rosneft), as well as introduced in the last triboactive: preventive KAMP, from locus of OO0 CNT,
MS-2 (GOSNITI and 00O «RIP»), «Sarnowski» (GOSNITI and VIESH), nanodiamond CARAT («RealDserjinsk»
and Krasnoyarsk Institut, Russia)



Puc. 3. Cxema noararodeHns OPT Ha ABC no A.H. Nro-
6umoBy [11]: 1 — 3PT; 2 — BXOA IAEKTPONUTaHMUSA
1 BT; 3 — BbIXOA HA MaCAOMEPHbIN Lyn; 4 — Bbl-
XOA Ha Maccy arperata; 5 — arperar; 6 — MacAo
arperarta; 7 — MaCAOMEPHbIN LLyn; 8 — U30AUPY-
towas Tpybka

Fig. 3. Connection diagram of instrument of D.N. Lyu-
bimov [11]: 1 — ERT-instrument; 2 — input power
1 W; 3 — output on the dipstick; 4 — output to
ground unit; 5 — unit; 6 — oil unit; 7 — dipstick;
8 — insulating tube

ASHAMK, DpaHUMK NPEANOAOXEHO, YTO Bbl-
COKOAUCTEPCHbIE MOPOLWKU MUHEPAAOB
rpynnbl CEPNEHTUHa, BKAKOYaOLWWe 4Yactu-
Ubl AU3apAUTa, aHTUTOPUTa, XPU3OTUAQG, 06-

pasytoT Ha NMOBEPXHOCTAX TPEHUS MOKPbLITUS,
KakK aAMa30onoAOOHbIe YIAePOAHbIE MAEH-
ku [2, 15—17].

HoBbIMK nccaepoBaHUAMU B Poccun
nokasaHo, YTo AEMCTBME Ha MacAa INEKT-
puuyeckoro noas Ao 1000 B/cwm [4] nan
3MUCCHUA B HUX INEKTPUUECKMX 3aPSAOB C
3NEKTPOAA NOA HanpsxeHnem 12—100 B
[6, 11], noBbILWAOT HArpy304HYO CNOCob-
HOCTb MACASIHbIX MAEHOK, YMEHbLLIAET CUAY
TPEHUA U U3HALLMBAHME COMpPsXeHUN. Mpu
3TOM MPEANOAOXEHO, UTO HA3AEKTPU30BAH-
HOEe MacAO, MPOHWKaA B CONPSXEHUA Tpe-
HUS, OTAAET UM IAEKTPUYECKUI 3apsA U
3aKPENASIETCA B HUX C MOBbILLEHHOW MPOouY-
HOCTbIO.

MonyuyeHHble pe3yabTaThl

UCMbITaHUN

AASt NPOBEPKU 3DDEKTUBHOCTU TPHbO-
coctaBoB B HaHoueHTpe TOCHUTKU Ha Tpu-
6omeTtpe TRB-S-DE LUBeriuapckon ¢pupmbl
SCM Instruments B pexume 13-Tn CTy-
neH4yaToro HarpyxeHua po 212 Mlla tpu-
6onapbl «MNaAel-AMCK» B MOTOPHOM Mac-
Ae M-10TM2K npu CKOpPOCTU CKOAbXEHMSA

AnHaMMkKa BbICOTbI MONIOXXEeHUA MHOEHTopa NPU UCNbITaHUU
makeToB OPT koHcTpykTOpckoro otaena FOCHUTU c megHbIM
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Puc. 4. Pe3yabTatbl UcnbiTaHMi 06pa3LoB IPT npu nosade B MacAa INEKTPUYECTBa Yepe3 MEeAHbIN
SNEKTPOA: BbISIBAEHO, YTO ANST YMEHbLLEHWS] U3HaLLMBaHMS LLeA€CO06pa3HO MCMOAb30BaTh MOBbILIEHHOE

YHUIMOASIPHOE HamnpsixeHne yactotoi Ao 10 Kl

Fig. 4. Results of sample testing of ERT in the feed to the oil electricity through a copper electrode revealed
that the reduction of wear, it is advisable to use a high unipolar voltage frequency up to 10 kHz
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UcnbiTaHns 35IeKTPOHHOrO perynsaropa TpeHus
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Puc. 5. Pesyabtarbl ucnbitaHui SPT ¢ pasAnyHbIMU IAEKTPOAAMM: C LIMHKOBbIM SAEKTPOAOM U Harpy3ke

10 H koappuumeHT TpeHust cHudmacs Ha 0,0589

Fig. 5. Test results of ERT with different elect-rode: Zinc electrode and a load of 10 N. the coefficient of fric-

tion decreased by 0,0589

100 cm/c npoBepeHbl ucnbiTaHns 80 Mu-
HepaAbHbIX U OpraHMyeckmx TpubococTa-
BOB [7]. OHM NO3BOAMAK BbISIBUTb TE, KOTO-
pble npu Harpyskax Ao 80 Mla cHuxatoT
koapoduumneHTta TpeHua ¢ 0,09—0,10 B uu-
cTtoM macae a0 0,0243.

Ho Harpy3ouHas cnocobHOCTb 3TUX CO-
CTaBOB OKa3aAacb He AOCTATOUYHOM, MO3TO-
My CAeAaHa MomnbITka CO3AaTb HOBbIN TPUOO-
coctaB. AASl 3TOMO MCNOAB30BaHbl NOPOLU-
Kn otxoa0B CapaHOBCKOro ropHOPYAHOIO
kombuHata lMNepmckor obaactu. OHK UC-
cAepOBaHbl Ha andpakTtomeTpe XRD 6000
AnoHckor pupmMbl Shimadzu, Ha UHBEPTU-
poBaHHOM MeTaAAOTrpadPUUECKOM MUKPO-
ckone OLIMPUC GX-51, a Ha nocaepHew
cTapmu Ha Tpubometpe. TRB-S-DE (puc. 2)
M NOKasaHo, YTO YAAAOCb CO3AATb OAUH U3
AYULLIMX PEMOHTHO-BOCCTAHOBUTEABHbIX CO-
CTaBoOB [7].

AN MOATBEPXAEHUS TpUbOTEXHUYe-
CKOM 3DDEKTUBHOCTU INEKTPUIALIMM MaCeA
Ha TpubomeTpe NPOBEAEHbI aHAAOTMUHbIE
UCNbITaHWA, HO C MPUMEHEHUEM INEKTPOH-
Horo peryaatopa TpeHus (3PT) (puc. 3) [4].
C 3PT nopaBaAu TOK Ha MEAHbIN, aAOMUHKE-

Bbl, OAOBSIHHbIN, LUMHKOBbIN, CTAAbHOM U
YTOAbHbIV 3AEKTPOABI, NOrpyKaemble B BypyH
MacaAa 3a naabLem Tpubonapsl (puc. 3—5).

JKcnAyaTaUMOHHbIE UCMbITAHWUS Ha aB-
TOMOBOUASIX NoKa3anu, uto APT ymeHbLLaeT
nyTeBOM pacxop TonAamBa oT 3% (MOAHO-
CTblo TpMboobpaboTaHHbIM aBTOMOOUAL
BA3-2131M) po 23% (He Tpuboobpabo-
TaHHbIV aBTOMOOUAb XyHAan AX 35).

AN TPOABMXXEHUSI MIHHOBALIMOHHOW TPU-
OOTEXHUKKM HYXHa akTMBHaA pabotra HUU u
BY30B, YaCTHbIX KOMMaHWI1, rOCYyAapPCTBEH-
Hoe BHMMaHUe. HyxHbl oTpaboTka npue-
MOB KOMIMAEKCHOI0 06CAYXXMBAHWUA MaLLIWH,
paspabotka HTA, rocyaapCTBEHHbIX U OT-
pacAeBbIX CTAHAAPTOB AASI peanAm3aLmn UH-
HOBALIMOHHOIO cepBMrca MaLlKH.

BbiBOAbI

PaspaboTaHbl 3dPEKTUBHbIE HETPAAU-
LMOHHbIE METOAbI U BELLECTBA, NO3BOAS-
fowme npu TeEXHUYECKOM 0OCAYXUBAHWUK
BOCCTaHaBAMBaTb paboTOCMOCOOHOCTbL U
NoBbILWaTb PECYPC Y3AOB TPEHUSA U3HOLLEH-
HbIX MaLUWH M 060PYAOBaHUSA C peHTabeb-
HOCTbO A0 800%.
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A.V. Dunaev
INNOVATIVE METHODS TO EXTEND LIFE OF FOREWORN MACHINES

The innovative methods to extend life of foreworn friction joints in machines and equipment in
maintenance period consist in addition of motor oils with mineral tribotechnical compositions and
with electric charges from portable transformer in the system of electric equipment of machines.
An efficient approach to improving wear resistance and to extending life of forewarn friction parts
is antifriction coating of the parts with various tribotechnical compositions included in standard
lubrications during maintenance service. Addition of oils with chemically active substances, pulps
of natural and artificial mineral particles, oil solutions of active organic substances, metallic salts
of organic acids and electric charges at the voltage less than 1 W, which create wear-preventive
coats improving adhesion of lubricants is technically and economically efficient at the profitability
of 500—800 % and more. In-place service as a part of the general system of maintenance and repair
agrees with all periods of life of machines and includes running-in, diagnosis, introduction of preven-
tive triobotechnical compositions, cleaning of lubrication systems for motors, fuel feed and cooling
units, and, above all, revitalization of foreworn units and parts by repair-and-recovery mixtures. In
the latter case, mineral particles open catalytically active friction surfaces, are subjected to mechani-
cal hardening, participate in adhesion, physicochemical processes, tribopolymerization and catalysis
of triboprocesses. As a result, a repair-and-recovery coat is generated. Serpentine-based tribocom-
positions allow strong antifriction coating. Serpentine conditions formation of diamond-like carbon
films. The films features high purity and hardness, unhide traces of mechanical treatment, contain
carbon to 90 % and have resistance of 10—300 Q/cm. The effect of the serpentine-based treatment
becomes notable in an hour and is enhancing during operation even without tribomixtures. The
lab-scale tribotechnical tests of tribocompositions and charge feed in oils prove the efficiency of the
nonconventional tribotechnology.

Key words: lubrication oils, tribotechnical repair-and-recovery compositions, electric charge, fric-
tion coefficient, wear.
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Ha ocHOoBe MeToA0B TeOPUM MPUHATUA CIOMKHbIX PELIEHMIA U KBAaZIMMETPUM U310XKEHBI 06LLMe
MONOMXKEHMA METOANKM 060CHOBaHUA HEOBXOAMMOCTN PEKOHCTPYKLMUM TEXHOMIOMMYECKMX CUCTEM
YrO/IbHbIX LIAXT, BK/OYAOLLYHO aIrOPUTMUYECKM Onpeae/ieHHble 3Tanbl M Noc/ieA0BaTeNbHOCTb UX
peanusauuu Ha 6ase Hanbonee afanTUBHOrO Hay4YHO-MeTogu4Yeckoro obecnedeHus. MNpeaaoxe-
Ha CMCTEMA KPUTEPUEB OLLEHKM reopecypCcHOro noTeHLumnana, TEXHONOrMYeCKoM 1 SKOHOMUYECKON
coctaBastolen GYHKLUMOHANbHbIX CTPYKTYP Yro/bHbIX LWAXT. YCTaHOB/IEHbI OCHOBHbIE MPUHLMNbI
NepuoanYHOCTM NPOBEAEHUA PEKOHCTPYKLMM TEXHOOMMYECKUX CUCTEM YrOo/IbHbIX LaxT. B uenax
MOBbILLEHMSA TEXHUKO-IKOHOMMUYECKOMN 3GPEKTUBHOCTM paboTbl A€NCTBYHOLMX LLAXT PaCCMOTPEHbI
OCHOBHblE BOMPOCHI HayYHO-MeToamYeckoro obecrnedyeHmsa Bbibopa nepeBooyepesHbix 06bEKTOB
PEKOHCTPYKLMM U NEPUOANYHOCTU ee NPOBeaeHUA.

SUBSTANTIATION OF DIRECTIONS OF INCREASE OF TECHNOLOGICAL LEVEL
OF COAL MINES

Voropaeva E.V.}, Graduate Student,
Agafonov V.V.2, Doctor of Technical Sciences, Professor,
1 National University of Science and Technology «<MISiS», 119049, Moscow, Russia.

On the basis of methods of the theory of making difficult decisions and qualimetry the General pro-
visions of a technique of justification of need of reconstruction of technological systems of coal mines
including algorithmically certain stages and sequence of their realization on the basis of the most adap-
tive scientifically-methodical providing are stated. A system of criteria for assessing the georesources po-
tential, technological and economic components of the functional structures of coal mines is proposed.
Basic principles of periodicity of carrying out reconstruction of technological systems of coal mines are
established. In order to improve the technical and economic efficiency of operating mines, the main is-
sues of scientific and methodological support for the selection of priority reconstruction facilities and the
frequency of its implementation are considered.
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