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PE3YJIbTATbI TPUBOJIOT MUECKHX W CIIbITAHHUI PEMOHTHO-
BOCCTAHOBUTEJIbBHBIX COCTABOB (ITATEHT P® HA U30BPETEHUE
Ne2266979) U OIIBIT IPUMEHEHUSI B IPOMBIINIJIEHHOCTH,
SHEPI'ETHUKE U HA TPAHCIIOPTE

AHHOTALUS

B pabore paccMoTpeHsl OCHOBHBIE PE3yJIbTAaThl TPUOOJOTMYECKUX HCIIBITAHU
COCTaBOB Ha OCHOBE MUHEPAIbHBIX KOMIO3HIHI B Mapax TPEHUS U3 YEPHBIX, IBETHBIX
MCTAJUIOB M KOMIIO3UIHMOHHBIX MarepHasoB. [IpeacTaBienbl pe3ymbTaThl HCIIBITAHM U
MOHMTOPHHIA MHOTOJIETHUX MPAaKTHYECKUX pabdoT C HCHOJIb30BAHKEM PEMOHTHO-
BOCCTaHOBUTE/bHBIX cocTaBoB (PBC) B peanphom CCKTOpE 3KOHOMHUKHM Poccuu u 3a
pyoOexom.

Knroueeswvie cnoea: PEMOHTHO-BOCCTAHOBUTEIIbHBIE COCTaBHlI,
METaJlJIOKCPAMUYCCKUH  3alUTHBIA cioit (MK3C), «De3bI3HOCHOCTBY, Ge3paszbopHas
texHosiorusi, PBC-texHosorus.

BBenenue

B cerognsmaux peanmsx AKTyaJbHEHINEeH 3anaueil sBuseTcs obecledeHye
pabOTOCIIOCOOHOCTH TEXHUKH C ONTUMH3ALMEl 3aTpaT Ha €€ 3KCIUIYaTallHIo, TEXHUIECKOE
00CIyKMBAaHUE U PEMOHT.

[To MHEHMIO CrIeMAIMCTOB, OCHOBHOI NPUYUHOM BBIXOJA U3 CTPOS JeTasiel MallliH
1 MCXaHM3MOB B OKCIUIyaTalMH SABIACTCA W3HAUIMBAEMOCTh MOBEPXHOCTEH TPEHUSI.
[lorepu cpencTB oT TpeHuMs M u3HOCA B Pa3BUTBIX TOCYAApCTBAX MOCTUralOT 4..5%
HALMOHAIBLHOTO J10X0/1a, a NPEOJI0JICHHE CONPOTUBIICHUS TPEHHS MOIJIOMIAET BO BCEM
wnpe 20..25% BbipadatbiBaeMoit 3a roa sneprum [1].

AKTYaJIbHOCTb U 0OJIBLIYIO 3HAYMMOCTD PELIEHHS npo0JieM B 00J1aCTH TTOBBIIIEHHS
AGJITOBEUHOCTH y3/10B TPEHUS MALIHH U MEXAHU3MOB JUISl HAPOIHOTO XO3SHCTBA CTPaHbI
Obln onpenenensl Coserom Munuctpos CCCP B ITocTaHOBIEHMM oT 26 mapra 1987 r.
Ne359 «O mepax 1o HIMPOKOMY MCIONIB30BAHHIO B HapOJHOM xo03sicTBE 3(dekTa
«De3bi3HOCHOCTHY [2].

Mrokenepnl JIeHHHIpaaCcKOro MHCTUTYTa aBUALIMOHHOTO MpUOOPOCTPOCHHS, pelTas
3dfauy  ITIOBBIMICHHS H3HOCOCTOMKOCTH Map TPEHHA, MNPeAIOKWIN HCIOIb30BATH
MHHEPAIbHbIE KOMITO3HIMH.

JT0  HamnpaBIeHHE  MCCIEIO0BAHHH  OBLIO MOAACPKAHO  mIpeaceaaTeeM
Jlenunrpaznckoro Guimana MekBe1OMCTBEHHOTO HAay4YHOI'0 COBETa 110 TPUOOJIOTUH [PH
AH CCCP renepajbHbIM IHpEKTOpOM «Mexanoop» PesnuBLEBbIM B.U., KOTOpBIH
OPraHu30Bal  (DYHIAMEHTAIbHBIE MCCIC0BAHUS BO3HUKHOBEHMUS NPOTHBOU3HOCHBIX
CBOHCTB MHHEPAIIOB B MPOLIECCE AKTHBALHH.

3aciyru yuéHpIX 110 60pb0e ¢ H3HOCOM OleHUH B 1987 roay: Ha BJIHX — JIMATI
yAaoctowm niomMom I erenenu, 3071070 Meaanbio - Mapiauy Taiirery JleoHunosny -
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CTapIIero HAay4HOro COTPYIHMKA MHCTMTYTA, pPa3pabOTYNKa TreOIHEPreTHYECKUX
TexHoJsiorui [3].

Takum 00pazom, B X0J€ MPOBeAeHNUs (yHIaMEHTAIbHBIX MUCCIIEN0BaHUI CBONHCTB
MMHEPAJIOB Ul PEIICHHs TPUOOTEXHHUUECKUX BOMPOCOB ObLIA 0KA3aHA NMPAKTHYeCcKas
3HAQUUMOCThL TIPUKJIaTHBIX HCCIEAO0BAaHUI MPEUIOKEHHOTO HANpaBJICHUS peaTN3aluu
¢ pexTa «0e3bI3HOCHOCTHY.

Pe3yabTaThl H 00cyKaeHHE

Pesynomamul mpuboucnsimanuil noOmeepicoeHsbl NPakmuxoll

PBC He saBAsAOTCS NMpUCaKaMu K CMa304HbIM MaTepuasiaMm, T.K. HE BJIMSIOT Ha UX
¢usuko-xumuueckue cpoicrea [4, 5]. OObexkrom Bosaedicteus PBC  sBistorcs
MOBEPXHOCTH TPEHHUS, a PE3YJIbTATOM BO3AEHCTBHS - MOIM(UKALIMSA B3aUMOIEHCTBYIOLINX
MOBEPXHOCTEH TpeHusi ¢ 00pa30BaHMEM METaJNIOKEPAMUYECKOTO 3alUTHOIO CIos
(MK3C).

O6pazoBannpii MK3C sBrsieTcss eAUHBIM LEAbIM € TOJJ0KKOM Ha YpPOBHE
KPUCTAJUIMYECKUX CTPYKTYp, yjydllas TPUOONOrMYECKHe XapaKTepUCTHKH HaudaibHBIX
MOBEPXHOCTEH TPEHHUSI U YACTUYHO KOMIIEHCUPYS MPOU30LLIE/IIINE H3HOCHI.

Caoiictea nosepxHocteit ¢ MK3C: yMeHbIIAeTCSl IEPOXOBATOCTh MOBEPXHOCTEM;
CHIMDKACTCS ~ MHTEHCHBHOCTb  HW3HAIIMBAHUA;  MOBBIIIAETCS  CONPOTHUBIIAEMOCTh
BOJIOPOHOMY M3HAIIMBAHUIO; YBEJIUUYUBAETCS MUKPOTBEPI0CTh MOBEPXHOCTEH; IO Mepe
M3HOCA BO3MOYKHO BOCCTAaHOBJIEHHWE MOBTOPHbIM mpuMeHeHuem PBC; ynydiieHHas
KOPPO3UOHHAsl CTOMKOCTb U3-3a IUAJIEKTpUdecKux ceorictB MK3C.

Bausaue PBC nHa paboty nap tpenus, odyciaonieHHoe odpazosanuem MK3C: uz-
32 YBEJWYEHHUS PEAIbHOrO MATHA KOHTAKTA B I1Ape TPEHUS CHUXKAIOTCH yJIeJIbHbIE
HArpy3KH{ Ha MOBEPXHOCTH TPEHHS, UTO MPUBOJAUT K YBEJIMUEHHUIO pecypca Mapbl TPEHUS;
CHUIKEHHE TEMIIEPaTypP U KOJTMYECTBA MPOJLYKTOB H3HOCA ITOBEPXHOCTEN TPEHUS IIPUBOTUT
K YBEJIMYEHHIO CPOKA I'OTHOCTH CMAa3bIBAKOIIMUX MAaTEPHUAJIOB.

PBC ynydmawT ycjioBusi paboTbl nap TPEeHHs, BBINOJHEHHBIX U3 YEPHBIX H
[IBETHBIX METAIJIOB, UX CIIJIABOB U KOMITIO3ULIMOHHBIX MaTEPHUAJIOB.

Ha pucynke | npeacrasiensl pe3yibTarel ueneitanuid PBC B mape TpeHHS «CTallb-
CTalb», MPOBEJEHHBIX B Jladoparopuu «Jletasm Mammp» 3a0alKalbCKOTO MHCTUTYTA
5KeJIe3HO0/I0pOKHOr0 Tpancnopra. Ha prcyHke npuBeeHa 3aBUCUMOCTb KOY(PPHIMEHTa
TPEHHUS OT HArPY3KH B YCIOBHSIX MAC/SIHOTO TOJIOJAHUS, HMHTHPYIOIIMX paboOTy mapsl
TPEHUs «KOJIECO-pebey. MCnbITaHus NpOBOAMIMCL Ha MalmbHe Tpenua JIM-29M,
KOJMYECTBO [MKIIOB HArpy:kenus 4x107, odpasiamMi BbICTYHAIN: BKIIAIbII MOAIIKITHUKA
— cranb 35 HRC30; Ban — craib 45 HRC52.
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PesynpTaT ucnbiTaHuii: mocne npumenerus PBC  npousomuio  cHukeHHe
KOY(Q(QUIHEHTA TPEHNS B CpeaHeM Ha 66%, U cXBaTblBaHUs 0OPA3IIOB HE MPOM3OLLIO HA
Harpyske 4 000 H, B oTim4ue oT HeoOpaboTaHHBIX 0OPA3LOB, Y KOTOPBIX CXBATHIBAHHUE
MPOU30LLI0 HAa Harpy3ke okoso 3 000H.

[losokuTeabHBIE  pe3ynbTaThl  J1abOPATOPHBIX  MCHBITAHUN  IO3BOJIMIU
OpraHu30BaTh Ha 0ase 3a0aiikalbCKOH XKeNe3Hol TOPOTH HCCIIen0BaTebCKUe PaBOThI B
TPUOOCHCTEME «KOJIECO-PeNbey. [IpoBeneHHbIE YKCIEPUMEHTAIBHBIE HMCCIEN0BAHUA U
pacyeTbl [I0Ka3aly, 4To0 HaHeCeHue cMas3ku Lnatum-201 ¢ PBC Ha 6okoByro nosepxHOCThH
TPEHHs 103BOJIAET YMEHBIINTh OOKOBOM M3HOC TOJNOBKM PENBCOB B KPUBBIX MAJIbIX
paaunycos B 1,96-3,58 pasa, ©3HOC OCTPAKOB CTPEJIOYHBIX IepeBoI0B 10 11-15 paz 6, 71

Bisiaue PBC na usnoc 00pasioB nap TpeHus, BbIMOIHEHHBIX U3 META/UTHYECKIX
matepuanos (cranb 40X — uyryn AYC-3, 6ponsa bpOLIFO-2 - crans 40X, uyryn CU25 —
yyryn  CU25),  wuccienoBanocs B HayYHO-HCCIIENOBATENHCKOM UHCTUTYTE
(yH1aMEHTATBbHBIX M NPUKIAJHBIX UCCIEN0BaHUH «OIeCCKHil HAlMOHABHEIA MOPCKOI
YHUBEPCUTET» Ha MalMHax Tpeuus AE-5 u 77MT-1. B pesynsrare wuccienobanmii
YCTAHOBJICHO, HTO MPM MJICHTUYHBIX [apPaMETPAaX MCIBITAHAH W3HOCHI 06pA3LOB
yMmenbpmatores B 1,2-2 pasa npu go6asnenun B cmasky PBC o cpaBHennio ¢ paGoToii Ha
cmazke 0Oes PBC [8]. Ha ocHoBammu mnomyueHHBIX —pe3y/ibTaToB paspaboTaHbl
PEKOMEH/IALMHU 110 NpUMeHeHHIo PBC-TexHom0rny Ha MOpCKOM U peuHOM TpaHCIopTe.

PesynbraThl 1a00OpaTOpHBIX wuChbITaHui BausHus PBC Ha napel TPEHUS U3
PasHOPOIHBIX ~ METAJI0OB,  MPOBENCHHbIX B  XapbKOBCKOM  locynapcTBeHHOM
aBTOMOOMIIBHO-0POKHOM ~TEXHUYECKOM YHHBEPCHTETE HA YCOBEPIICHCTBOBAHHOM
mammse TpeHus 2070 CMT-1 [9], moarBepammu ymydileHHe NPOTHBOM3HOCHBIX W
aHTH(QPUKLHOHHBIX CBOKCTB mape! Tpenus (Tabnuua 1). IIpumerenne PBC B 6a30Bbix
MuHepasibHbIX Maciax (M-20, M10T7) cHukxaeT MexaHudecKHe II0TEPU Ha TpeHue oT 10 10
21% [10].

Tadmmua 1 - Pesynbrarel ucnbitanuii napst Tperus «ctaib 40X — 6ponsa bp. C30».

Cma3ouHbIH S ApaMCID Y
e CkopocThb Kosdduiment | Mukporepaocts | MukpoTBepaocts
HU3HOCA, MKM/Y TPEHUs craim, Ml la Opon3el, MI1a
1-20/ 117 0,066 5720 2540
H-20+PBC 100 0,052 6420 2740
A 14 21 11 7
| cBoiicTB, %

OnbiTHO-nIpoMBIIIIeHHbIe  UenbiTands PBC, mposenennbie B 2020 rony Ha
NOAIIMITHUKAX CKOJIbKeHHs Hacoca [19 150-63 AO «Anmaruty, MoATBEpIUIN CHIYKEHHE
LICPOXOBATOCTH M YBEJIMYCHHE TBEPJOCTH IOBEPXHOCTEH IIEEK [OIINIMITHHKOB
ckonbxkenud (Tadauna 2).

Tadmna 2 — Pe3ysibTaTbl KOHTPOJIBHBIX H3MEPEHHIL.

SFia : [Toammnuank Ne3 [Toammmnuuk Ned
I s BKJIQJbIII | wieiika BKJIA/IBILI mieika
| Illepoxosarocts, Ra, 1ex/PBC 2,020 [ 1006 1,413 0,9/0,6
| Msmenenns, % 0 ‘1 40 7.1 3
| Tsepaocts, HB, uex/PBC | 250,7/268,4 * 250,8/254,8
_;E 1757\71371»15!{11}1. % - i - 2
- TBCPIOCTb [MOBCPXHOCTEH BRJIA/BIIICH H3MEPHTh HEBO3MOKHO, T.K. IHANA30H

w3nvepennit npuoopa «NOVOTEST T-VY2» naunnaercs Ha 00/bIINX 3HAYECHHSX.
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B TexHuueckoM oOT4YeTe OTMEYEHO, YTO B pe3ysbTare IpuMmeHeHus PBC
3a()UKCUPOBAHO CHI)KEHHE CPEIHECYTOYHBIX 3HaueHWi Temmeparypsl (Ha 2-3°C) n
yMeHbIIIeHHEe aMIUTUTY/ bl KosiebaHuil Temneparypsl (6onee 20%) MOAMIMITHAKOB HACOCA
[ LL].

Bnusane PBC nHa paboTy map TpeHMSs, BBIMOJHEHHBIX W3 KOMIIO3UIMOHHBIX
MaTepuasioB, OLIEHEHO B  J1adopaTopuu  BOISHBIX TypOMH  JIEHHMHIpaICKOTrO
Mertandeckoro 3aBoja B 2009 roxy. IlpoBemeHbl HMCHBITAHHS HAa WHTEHCUBHOCTH
M3HAIIMBAHUA BTYJIOK M3 TOIIIMITHUKOBOTO MaTepuana B YCIOBHAX CyXOTO TPEHHS NPH
narpyske 250 xr/cm?. Ha pucyHke 2 npuBeleHBbl pe3ynbTaThl UCIBITAHHHA HA 3-X
BTYJIOYHOM CTEHJIE, UMUTUDPYIOIIEM pPabOTy TKENO HArpyKEHHBIX HHU3KOCKOPOCTHBIX
NOJIUIMITHUKOB CKOJIBKEHUs TruApoTypOun. Ha rpaduke mokasaHa 3aBUCHUMOCTb
ko3 duumenTa TpeHus HCXoAHOro obpasua u obpasma ¢ PBC. Tlpu wucneITaHusx
MCXOHOr0 00pasua 3a(UKCUPOBAHO: MOCTOSHHBIA POCT KOd(hduimeHTa TpeHus, U3HOC
MIOBEPXHOCTH KOHTPTEJIA M POCT TemrepaTypbl. VcnbiTaHus ObLIM OCTAaHOBJIEHBI, T.K.
o0pasell He COOTBETCTBOBAJ IIPEAbABICHHBIM TpeOoBaHUM. [Ipu ncnbiTanusx obpasua ¢
PBC 3adukcupoBaHo: cHWXeHHEe Kod(D(OHUIMEHTa TPEeHHs U CTa0WIIM3alUs Ha yPOBHE
3Hayenus 0,073. McnpiTanus ObIIM OCTaHOBJIEHBI mocie 356 yacoB pabOThI CTEHA, T.K.
obpasen ¢ PBC Boinepxan npeapssieHssle Tpedbosanus — 5000 MeTpoB myTtu Tpenus [12].
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Pucynok 2. Ucnipitanus BTysiok D=70 mm u3 matepuana CTIT-MO.

Pe3ynbTaThl MOJOXKHUTEIBHBIX HCHBITAHUM CTAJIM  OCHOBAHMEM IIPOBE/CHHUS
MPaKTUYECKUX padOT HaA TMIPaBIMYECKON TypOMHE MOIIHOCTHIO 25 MBT npousBoacTsa
«JIeHUHTpaJICKUM MEeTaNTMYECKUH 3aBO/» YCTaHOBJIEHHOM B ApMenuu Ha KaHakepckoi
I'D9C. IIpoussenena o0paboTKka pEMOHTHO-BOCCTAHOBUTEILHBIMH COCTaBaMH 0a0UTOBOTO
IO/UITUITHAKA, BBIMOJHEHHOro U3 Marepuaia b83. B c¢Bs3u ¢ orpaHUyYeHHBIM BpeMeHEM
KOMAH/IUPOBKH BpeMs HapabOTKH T'MAPOTYpOMHBI COCTABMJIO 5 CYTOK OT MOMEHTa
npumenernsi PBC 10 CHATHS KOHTPOJIBHBIX 3aMEPOB, YTO HEJIOCTATOYHO JUISA IOJIHOH
npupadotkn  PBC. 3adukcupoBaHbl NPOMEXKYTOYHBIC  PE3YyJIbTaTbhl:  CHUXKECHHE
BHOPAIIMOHHBIX XapaKTEPUCTUK U CHUIKEHHE KOJIMUEeCTBa IPOLYyKTOB H3HOCA B Macie [13].

B 2024 roay ObuiM TPOBEICHBI MCIBITAaHUS O0pPA3LOB U3 KOMIO3HMIMOHHBIX
MaTEePHATIOB HECKOJIBKUX MPOU3BOJAMTENICH. Pe3yabTarsl KOppeIUpyroT ¢ pe3yibTaTaMu
uenbiranuii 2009 rona: B pesynabrare npuMmeHenuss PBC koadduumenT tpenus cHuxkancs
B 5-9 pas, TeMrepaTypa KOHTpTe/a CHIKanach B 2 pasa [14].

B pesynbrare nmpoBeIeHHbIX J1a00paTOPHbIX, CTEHAOBBIX M HATYPHBIX HUCIIBITAHHH
M MCCIIeIOBAaHMH Oblila  3amaTreHTOBAHA IPOMBINUIEHHAs TEXHOJIOIHs YIIpaBJIEHUS
W3HOCOM, TonyumBiias HasBanue «PBC-TexHon0orvs» Mo Ha3BaHHUIO HCIIOJIB3YEMBIX
MUHEPATbHBIX KOMITO3HIIHI - PEMOHTHO-BOCCTAHOBUTEIBHBIX cocTaBoB (PBC).
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PBC-texHonorust (mateHT P® Ne2266979) — TexHONOTMS BOCCTAHOBJICHMS 1%}
yTydIIEHAS XapaKTCPUCTHK MALIMH M MEXaHH3MOB 0e3 BBIBOJA M3 JKCIUIyaTalldd C
ucronb3oBanneM PBC, peannsyromux 3¢ $hekThl BOCCTAHOBIECHNS 1 «Ge3bI3HOCHOCTIY B
napax TPEHHUs.

Csoespemennoe npumenenre PBC no3BosseT momiepxusath 3HaueHns 3a30pOB B
mapax TPEHUs PpabOTAOIMX MEXaHM3MOB B JOIYCTHMBIX Juana3oHax, o0ecrednBast
HOPMATBHYIO JKCITyaTalliio B HEOOXOJMMOM BPEMEHHOM HHTEpBalle 6e3 aBapuiHOro
M3HOCA.

Onvim npumenenuss PBC-mexnonozuu

CoTpynnuuectBO ¢ UepemoBelKHM — MeTammyprudeckuM  KOMGHHATOM
nponoiukaercs ¢ 1998 rona. beina 06padoTana 6omnbiias HOMEHKJIaTypa pa3Ho00pa3Horo
obopynoBanus. X0TeN0Ch Obl OCTAHOBHUTHCS HA OJJHOM DITH30/1€ HAIIEro COTpyIHUYECTBA
— Kak npumeHeHHe PBC-TexHO/OrMH MOXET cTaTh anbTepHAaTHBOI KPYTIHBIX
MHBECTHIIHOHHBIX 3aTpat. lIpu nepexone koMOMHaTa Ha POU3BOICTBO HOBOIA IPOAYKIIUH
ObLTH MPEBBINICHBI PACYCTHBIE HATPY3KM HA MOAUIMIHHKH [IPOKATHOR JUHUH, Kak
CJIEICTBHE, YBEIMIMIOCH KOIMYECTBO Opaka, MOAMIMITHAKA AMAMETPOM Gojee 1 MeTpa
Halie CTary BBIXOJAUTH U3 CTPOS, YBETHYHUIOCH KOTMYECTBO POCTOEB MPOH3BOACTBEHHOM
JIUHHH. bBIT OHSIT BOPOC O MOAEPHU3ALMH JTUCTONPOKATHOTO CTAHA. ANbTepHATHBHBIM
peuierrieM Obu1o TipoBenenne HMOKP 1o yBenuueHHIO CTOWKOCTM MOMIIMITHUKOR
KUIKOCTHOTO TpeHust ¢ wucnonp3oanneM PBC. Pesynerarer HUOKP: yBenmuenue
pecypca IDKT-1180 B 2 pasa, 4o nano 10-KkpaTHblit 5KOHOMUYECKUiT b DeKT; CHIKeHITe
KOJIMYCCTBA 3aKYNAeMbIX MOJUIMIHUKOB M MHTE/JIEKTyalbHasd COOCTBEHHOCTh B BHIC
mareHTa [15].

Ipenmymectsa PBC-texHosorun ObumM moATBEpKICHBI Ha Caeroropckom
LEITI0I03HO-0yMakHOM KoMOuHate. O6opynosanune 65110 06paGotano B 2002 roay, a B
2004 romy cocrosHuie 000py10BaHus, KOTOPOE K ITOMY BPEMEHH HAPaGOTANO 110 13,5=15
THICAY MOTOYACOB, IIPOBEPHIIA HE3ABUCHMas CepBUCHAs KoMIauus [16]:

- Mpo0JIEMHbIE MEXaHMW3Mbl 0e3aBapUMHO OTPAbOTANH 10 MIAHOBBIX CEpPBUCHBIX
MEPOIIPUATHH;

- CHHKCHHE 3aTpaT Ha PEMOHT COCTaBUIIO OT 4 110 12 pas;

- OKynaemocTh Meponpusatui no PBC-texHonorun npousonuia 3a 60-180 nHen
TOJIbKO 3 CHET YKOHOMHUH IICKTPOIHEPTHH Ha 00paboTaHHOM 060py10BaHHH.

Anann3  pabOThl TEXHOJOTMYECKOro TpaHcmopTa, obpaboranHoro mo PBC-
TEXHOJIOTHH, Ha 30JI0TO00bIBAIOIIEM MpeanpuaTii Ha UykoTke 3a 5-ieTHHit 18(S0)5 (i
OKCILTyaTannu 3a(ukcuposan 20-KpaTHbli YKOHOMHUECKHiT Y(QEeKT Tonbko 3a cuer
YBEJIMUEHHS pecypca paboThl JBHratesnei 0e3 ydera IKOHOMHH TOPIOYE-CMAa30UHbBIX
MaTEpHaoB ¥ COKPAILCHHUs IPYTHX IKCIUTyaTalMOHHBIX pacxoaos [17].

3naunTenbbli  dHeprocOeperatoumii  dppexkt PBC-TexHONOrHMH obecreun
BKJIOUCHHE MepOnpHATHH 110 PBC-TeXHOMOrMH Kak HETHIIOBBIX MEPOTPUSTHIl MO
sueprocoeperkennto B [lporpammbl sneprocdepeskerus co cpoKaMi OKYIIaeMOoCTH OT 3 710
6 Mecs1IeB.

CorzacHo meponpustuam [porpammer sueprocoepexenus OO0 «HOBATIK-
[Opxaposuedrerasy B 2013 roay Obuth  obpaboransl no PBC-Texnomoruu

MOIITHITHAKOBBIC  V37Ibl  )JIGKTPOJABHIaTeIed. MOHMTOPHHT pe3ynbTaToB 06paboTkH
3ahUKCUpOBaA YKOHOMHIO noTpedIeHUs 3JIEKTPOIHEPrUU 00padoTaHHBEIMHU
JIeKTpoaBMrartenaMu ot 1.5 10 7,5%, 49TO NO3BOJMIO TONYYMTh MPEITPUSTHIO
OKYIIACMOCTE MCPONPHATHH 3a 6 mecsiieB [18]. OTae/IbHBIM HEOIIEHEHHBIM OOHYCOM

ApeanpUsTHEeM TolyueHa 0osiee Haae:kHas padoTa MOUIMITHUKOBBIX Y3710B. AHAJN3
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paboTbl 00paboTaHHbIX Y3J0B, nposeAeHHbln B 2020 romy, mokasan, 4TO CpemHss
HapaboTKa 10 OTKa3a MOALIMIIHUKOB, 00padoraHHbIX 110 PBC- TexHo/orHK mpeBbimaeT
40 000 gacoB (10 npumenenuss PBC cpennsas HapaboTka no oTkaza cocrasisia 12 000
yacon) [19].

MHorue akTyajbHble BOIPOCHI UMIIOPTO3aMELICHHSI MOT'YT YCHEIIHO PEIATLCS C
ucnosibzoBanueM PBC-texnonoruu. OnbIT padoThl ¢ MAIIMHOCTPOMUTENBHEIMU 3aBOJAMH
MoKa3blBaeT, uro npumeHeHne PBC-texHonorun CrnocoOCTBYET  IMOBBILLEHHUIO
KOHKYPEHTOCITOCOOHOCTH ~ POCCHUHCKHUX  HPEANPUATHH W TOBBIIICHUIO KadyecTBa
BBIITYCKaeMOM MU IPOAYKUMH. B 00s1acTu cMa3bIBalOMX MaTEPUAIOB HAKOILIEH OITBIT
3aMEHbI UMIIOPTHBIX POIYKTOB Ha oTeuecTBeHHbIe ¢ PBC, ynydmaronux HaqeKHOCTHBIE
M IKCILJTyaTallHOHHbIE XapaKTEPUCTUKYU MAILMH U MEXaHU3MOB.

B 2019 roay nposeaensl paborel no PBC-rexHonorun Ha Au3e/b-reHepaTopHOi
ycranosxke Caterpillar 3512B. Llenb paboTsl cocTos1a B IPOBEPKE BO3MOKHOCTH IIEPEX0AA
¢ umnoptHoro macia Total Rubia TIR 6400 15w-40 na oreuectBeHHOe Rosneft Revolux
D3 15w-40 u yBenuueHue cpoka ciiy>k0bl Macia 1o OpakoBo4HOMY Iokazatemo. [Tocne
00paboTKU [BUraTeNb YJIyudllWJ CBOM JKCIUIyaTallUOHHbIE XapPAKTEPUCTHKH, YTO
OTPAKEHO B IMArHOCTUUYECKHUX KapTax, a COCTOAHUE MAC/Ia OLIEHUBAJIOCh Yepe3 HHTEPBAJIbI
250 MoTOYacoB B aKKpeaUTOBaHHOM naboparopun. Macino Rosneft Revolux D3 15w-40
OKa3ajoch NOJHBIM K JajibHEWIIed Jkcruiyatauuu npu Hapabotke 1 000 mMortouacos, a
maciyio Total Rubia TIR 6400 15w-40 tpeboBasio 3ameHbl Ha HapaboTke 250 MOTOUACOB
[20].

B Hacrosuiee Bpems peanpuaTuaM IPOMBILUIEHHOCTH, SQHEPTeTUKH U TPAHCIIOpTa
NpeaIaraeTcs HCrnonb30BaTh anpoOUPOBaHHbBIE peleHus Ha ocHoBe PBC-TexHonoruu kak
B BUJI€ HA/Ie’KHOCTHO-OPUEHTHPOBAHHBIX CEPBUCHBIX YCIYT, TAK U B BUJIE CMa30K, JIAKOB,
MHAMBUAYAJbHBIX KOMILIEKTOB /7l 00padOTKu 000pY10BaHUS.

3aknouenue

Ilpencrabiennas B naHHoM pabote PBC-texHonorus, coorBercTByIomias
KPUTEPUAM HAWIY4LIMX JOCTYIMHbIX TeXHOJOTHH [21], MOXKeT ObITh MCIIONH30BAHA IS
YCIEIIHOr0 pelleHus Leaoro psaaa 3agad B JOCTH/KEHUM LieJiell yCTOHYMBOrO pa3BUTHSA
[22] npeanpUsiTUil TPOMBILIJIEHHOCTH, 3HEPTETUKU U TPAHCTIOPTA.

Mcronp30BaHue OpPUIMHAIBHON INPOAYKLMH, 3allMUEHHOW nareHToM P®d Ha
n3o0perenue Ne2266979, rapaHTUpyeT NOTyUeHHE TTOJIOKUTEIBHBIX PE3Y/IbTATOB.

CITMCOK JIMTEPATVYPbBI

1. Tpenue, usHoc u cmaska (tpudosorus u TpuboTexHuka) / A.B. Unannamze, D.M.
bepiunep, D.J1. bpayn u ap.; Ilog 06w pea. A.B. Uuuunanze. — M.: MawmHoctpoenne, 2003. —
576 c.; n.

2. ITocranossienne Cosera MunuctpoB CCCP ot 26 mapra 1987 r. Ne 359 «O mepax mo
HIMPOKOMY HCIIO/Ib30BAHUIO B HAPOJHOM X03siicTBe Y dhexTa «0e3bI3HOCHOCTH Y.

3. Otuer o HUP «M3pickaHue BO3MOKHOCTEH HCIOJIb30BAaHMS B TPUOOTEXHUKE pYI,
FOPHBIX TTOPO/ ¥ MUHEPATIOB M3 OTBAJIOB MECTOPOKICHHS C IEJIbI0 YMEHBIIIEHUS U3HOCA MALIUH
1 MEXAHU3MOB U 3KoHOoMuHK MeTauior», MHTK «Mexano0Op», 1988. — 63 c.; un.

4. 3akmoueHue o nposepke dppextuBHoctn PBC-rexHonoruu. 3abaiikanbckast xejae3Has
nopora, 21.05.2001 r.

5. ITucemo OAO «Ilepmckuii 3aBon cmazok 1 COX» No25/04-2012 ot 01.10.2012 r.

6. Oruer o HUP «Mccnenosanue u pazpadoTka TeXHOIOrMN MOAMGPUKAIINH [1ap TPEHUS B
TPUOOCUCTEME «PEJTBC-KOJIECO» C MPUMEHCHHEM PEMOHTHO-BOCCTAHOBUTEIBHBIX COCTaBOBY,
Jadalikanbekas xenesnas gopora, HTO «HBL», 3a0aiikanbckuii MHCTUTYT JKeI€3HOAOPOKHOTO
tpancnopra, 2002-2004 rr.

~NNOD

ZUZ



7. Oruet o HUP «MccnenoBanue BiusiHus cMa3oxk, CONEpPXkKAIMMUX MUHEPATIbHBIE 100aBKH,
Ha CKOPOCTh M3HOCA PENbCOB HA NEPErOHAX M CTAHUMAX», 3abaiikanbckas jKenesHas 10pora,
3abalKaIbCKUI HHCTUTYT JKEJIE3HOJOPOIKHOr0 Tpancnopra, 2003 r,

8. OTuer o Hay4YHO-MCCIIEA0BATENbCKOI pabdore «Onpenenenue s¢pexruBocTn PBC-
texHonorun 3A0 HIIO «PycnpompemonT» (Canxr-ITerepoypr, Poccus) OHMY HHUH
(yHIaMEHTANbHBIX M MPUKIIANHBIX Hccnenobanmii, Onecca, 2003. — 30 c.; u.

9. Boiiros B.A., basnepkun B.A. Yuusepcanbnas mamvna tpenus. — Tpenue u usHoc,
1993, 1.13, Ne3, ¢.501-506.

10. Otuer o HUP «McmbiTanus NpOTHBOM3HOCHBIX MPUCANOK K CMA30UHBIM Macyiamy,
Ykpauna, XI'AITY, 1998.

11. Texunueckuii oT4et «O MPOBENCHUH HCIIBITAHUH MOALUIMITHUKOR CKONbKEHHS HACOCA
15 150-63 ¢ MoauQpuUMpoBaHHbIMU pabounMu nosepxHocTsiMu (PBC-TexHomorMs natent Pd
Ne2266979 u marepuanos PBC», r.Uepenosen, AO «Anarury, 2020.

12. AKT 0 mpeIBapUTebHbIX UCTILITAHUAX BIMAHUS COCTABOB, M3rOTOBJIECHHBIX 110 PBC-
TexHoJorun (mateHT P® No2266979) 3A0 «HIIK PyccnpomMpeMoHT», npuMeHEHHBIX B
MpUPabOTOYHOM MHOKPBITUM TPU HUCTIBITAHUAX TMOJMIMITHIKOBOro Martepuaia CTIT-Md Ha
BTynounoM crene JIBT ¢punmana OAO Cunosie Maummns! «JIM3» 8 CI16, 2000 r.

13. Otuer o nposeneHun 06paGoTkH 1o PBC-TexHom0orHu arperata (TypOunbi) Ne6
Kanaxepckoit 'DC 3A0 «MexnynapoaHas sHepreTHaeckas KOpHopawms», Pycl'unpo, Apmenus,
201771,

14. Texuuueckuit oryer Ne 51402/06-2024-03 «Pe3ynbrarsl MCHBITAHUIL PEMOHTHO-
BoccTaHoBUTENbHOTO NokpbiTusi (PBC) dupmer OO0 «HIIK Pyccnipompemont» (matent Pd
No2266979) B mpouecce NpUPabOTKH aHTHOPUKLIHMOHHBIX MaTepHaJIoB, UCIOJIb3YEMBIX B
YIUIOTHCHHSIX BalOB W TYpOMHHBIX mommunuukax». AO «Cumosble mMamuasr — 3TJ1, JIM3,
DnexTpocuia, JHepromaunknopt», Cankr-Ilerepoypr, 2024.

15. Ilatent P® Ha u3obperenme Ne2327908 «Croco6 MOArOTOBKM K IKCILTyaTaluu
OJUIHITHUKOB JKUKOCTHOTO TpeHus», OAQO «Cesepcransy, npuopuret 23 mas 2006 .

16. Otyer o pesyapTaTax pecypcHbix ucnbelTaHuii PBC-texmomoruu uHa IP OAO
«CBeroropck», 2004,

17. Ananu3 pe3ynbTaTOB IPUMEHEHHS PEMOHTHO-BOCCTAHOBUTENLHBIX COCTABOB (IIATEHT
P® No2266979) na TexHuke 30;10T0100b1BatoIIero pyaauka «Kymomy, 2020. :

18. TexHUUECKHI OTYET IO pe3ysIbTaTaM NpruMeHeHHs PBC-TeXHOIOrHy Ha MOAIIMITHHAKAX

JIEKTPOJBHTATENICH B paMKax TIporpammbl  3HeprocOepesxkenns OO0 «HOBATDK-
FOpxaposHe(Teras», r.Hosblil Ypenroii, 2013.

19. O13p1B 0 Mpoaykuuu. ITucemo OO0 «HOBATIK-FOpxaposredreras» Ne5153-03,3
or 31.07.2020 1.

20. Texuuueckuit otuetr mo PBC-obpadorke msurarens Caterpillar 3512B nusens-
reseparopHoil ycraHoBku Ne2 Ha ckBakune Ned43 Bysyiykckoro Mectopoxaenus, 2019.

21. Iocranosnenne [paurensctea PO or 23.12.2014 Ne1458 (pen. ot 03.03.2021).

22. lexnapaumst «[IpeodpasoBanne Hawero mupa: IToBectka fHs B 0611aCTH YCTOIYHBOrO
pazsutus Ha nepuoa 10 2030 ronay». Pezomonus A OOH 25.09.2015 1.

[.P. Kobylskov, A.Y. Sizov, Y.A. Chervonenko
«NPC Ruspromremont» CO, Ltd,Saint Petersburg, Russia, rpr-spb@mail.ru

THE TRIBOLOGICAL TESTING RESULTS OF REPAIR-RESTORATION
COMPOUNDS TESTING (RF patent Ne2266979) AND EXPERIENCE OF THEIR
APPLICATION IN INDUSTRY, ENERGETICS AND TRANSPORT

Abstract
In this article, the basic results are discussed regarding tribological testing of the
compounds on the basis of mineralogical compositions applied to the friction pairs made of ferrous
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and non-ferrous metal, composed materials. The given material is the monitoring of the results of
long-term practical application of repair-restoration compounds (RRC) in various branches of
industries in Russian Federation and overseas.

Keywords: repair-restoration compounds, metal-ceramic protective coating, «wear-proofy,
non- dismantle, RRC-technology.
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