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3agaya J1000r0 pEMOHTHOTO MPEAIIPUATHS — o0ecIieueHHe MOCTOSIHHOW paboTOCIIOCOOHOCTH TEXHU-
KM, MOBBIIIEHUE Ka4eCTBA PEMOHTA U CHIDKEHHE 3aTpaT Ha €ro BhINOJIHEHHE. B HacTosee Bpems B pa3Bu-
TBIX CTpaHax 0co00e BHHUMaHHE YAEISIOT BOCCTAHOBIICHHUIO CHCTEM M arperaTroB, W 9TO HE CilydaiiHO, Belb
IIPU HCTIOJIb30BAaHUU NPOIPECCUBHBIX TEXHOJIOTUN CTOUMOCTh PEMOHTA MOXET HE TONBKO CHU3UTh 3aTPAThI
IPENpUATHS, HO U MOBBICUTh PECYPC BOCCTAHOBJIEHHBIX JI€Talleil 0 CpaBHEHUIO C HOBBIMU B 2-2,5 pasa.
Kpome Toro, ymeHsIaeTcst BpeMsl MIpOCTOsI CENbCKOXO3ANUCTBEHHOM TEXHUKH B PEMOHTE, YTO B JKECTKHX
arpoTEeXHUYECKUX YCIOBUSIX HEKOTOPHIX pernoHoB Poccun kpaliHe HE0OX0AUMO.

HawnGonee xapakTepHa 11t pPEMOHTHOT'O NPEAIIPUSATHS IPYIIa COCO00B, IIPH KOTOPHIX IIPONU3BOIHT-
Cs HapalllUBaHHE W3HOLICHHBIX MOBEPXHOCTEM HAIUIaBKOH, J0isl KOTOpbIX cocraBiseT 75-80% BanoBoro
ob6bema u 90-95% mno HomenkiaType. HamaBka, B CpaBHEHHMH C IpyTUMH CIIOCOOaMHU BOCCT@HOBJICHHS, MO~
3BOJISIET MOJIYYHUTh HA IMOBEPXHOCTHU AETallel 0l HeOOXOIUMOM TOJIIMHEI U XUMHUYECKOT'O COCTaBa, BBICO-
KOH TBEPIOCTU M U3HOCOCTOMKOCTHU NIPH OTHOCUTENBHO HEBBICOKOM CTOMMOCTH HapamuBaHus [1].

Tsoxensle ycnoBus oOpabOTKHM ITOBEPXHOCTEH, BOCCTAHOBICHHBIX HAIUIABKOW, BBI3BIBAIOT pa3pyllie-
HHUE pexylueil yactu uHCTpyMeHTa (68-94%), MHTEHCUBHBIA H3HOC, B 2-4 pa3a MpeBOCXOASIIMK o0IeMa-
LIMHOCTPOUTENbHBIC HOPMBI, IPY 3TOM HAOJIIOAeTCsl CHU)KEHHE CKOPOCTH pe3anust Ha 15-25% [1]. Huzkue
CTOMKOCTB Pe3LOB ¥ MPOU3BOJUTENHHOCT IPU 00paboTKe BOCCTAHOBICHHOI HAILIABKOW JieTalieil 00ycioB-
JIEHa HEI0CTaTOYHOM MPOYHOCTHIO PEKYIIEH YacTH UHCTPYMEHTA.

Kak mpaBnio, npu MexaHndeckoii 00pabOTKe BOCCTAaHOBJICHHBIX JAETalied MPOOJIEMHBIM BOIPOCOM
CTaHOBHUTCS oOecTeYeHNe CTOHKOCTH M pecypca PeKyIInX HHCTPYMEHTOB, 0OCOOCHHO Ul YEPHOBBIX OIepa-
uid. BeIOop mcciiefoBanust pexxynero HHCTpyMEHTa Ha IpUMepe pe3lia Kak CUCTEMBI, COCTOSIIIeH U3 B3au-
MOJICHCTBYIOIIMX DJIEMEHTOB — JEpKaBKa, TBEPIOCIUIABHAS IUIACTHHA U NPUIIOH — 0OOCHOBBIBAETCS aKTY-
anbHOM 1711 peMOHTHO-TexHHueckux npennpusatuii AIIK HaydHo-mpakTHdecKol 3afaueil MOBBIIEHUS pe-
CYPCHBIX [TapaMeTPOB JIE3BUHHBIX HHCTPYMEHTOB, IPUMEHSIEMBIX JUIsi 00pa00TKN HAIUIABJIEHHBIX ITOBEPXHO-
CTel AeTanell MallluH MpPU 3alaHHOM YPOBHE MPOU3BOAUTENBHOCTU U KaU€CTBA BOCCTAHOBJICHHBIX JAETalel.
B ocHOBe nccienoBanmii JiekaT TEOpETHIECKOE 0OOCHOBAHHME M AKCIIEPUMEHTalIbHAsl OTpaboTKa cocTaBa U
PEXUMOB MalKU TBEPIOCIIABHBIX HHCTPYMEHTOB JKEJI€30yIIIEPOAUCTBIM NpUIoeM [2].

®dakropom, onpenenstomuM 3¢ dexkTuBHOCTh puMeHenust FeC-npumnoes sBIseTCsl MX BBICOKas akK-
TUBHOCTb B3aHMMOJENCTBHSI IO OTHOLICHUIO K CTaJIM U KOMIIOHEHTaM TBepAbIX criaBoB. FeC-npumnoil u3-3a
9TOro 00JajgaeT XOpollel CMaunBacMOCTBIO 10 OTHOIICHHIO K METalslaM CBSI3KM M KapOuaaM TBEpHBIX
crtaBoB. M3BecTHO [3], 4TO Kene30 B KUIKOH (paze MONMHOCTBIO cMaunBaeT KpucTauisl WC, KOTophIe SIBIIsI-
IOTCS OCHOBOI! GONBIIMHCTBA TBEPBIX CILIABOB, KPaeBOil yroa cMaunBanus 0 paBeH HYIIIO, a TAKKE T0CTA-
TOYHO Xopomo cMauuBaeT kapouasl apyrux anementoB (TiC, NgC, NiC u zp.), BXOJSIIUX B COCTaB TBEP-
JbIX crtaBoB. FeC-mpurol xapakrepusyercst OJHONH cMauuBaeMocTbio MeTaiuioB cBsizku (Co, Ni, Mo) n
o0pasyeT ¢ HUMH, KaK MMPaBWIIO, HETIPEPBIBHBINA sl pacTBOPOB. MeTHbIE MPUIION MPU 3TOM B3aUMOJIEiCT-
BYIOT TOJIBKO CO CBsI3KO, B cucreme WC-CucMaunBaeMOoCTh U paCTBOPUMOCTh BECbMa OTPAHUYEHBL, 4 B CHUC-
teme (TiC-WC)}Cu cMaunBaeMOCTh ¥ PaCTBOPUMOCTH OTCYTCTBYIOT, YeM M OOBSICHSCTCS IUIOXas MaseMOCTh
TBEPAbIX CIUIABOB C MOHM)KEHHBIM coepkanneM Cou 6e3BONIb(PaMOBBIX TBEP/BIX CILUIABOB.

CrnenoBarenbHo, pu naiike FeC-npunoem OyneT UMeTh MECTO aKTUBHBIH 00BEMHO-ITU(D(Y3HOHHBIH
XapakTep B3aUMOJICHCTBYS IPUIIOS CO CTANIBIO M TBEPABIM cruiaBoM [4]. JlanHoe oOcTosTenscTBO obecnedn-
BaeT xopouryro nasieMocts FeC-purosMu pa3nuuHbIX TBEPABIX CIUIABOB, B YACTHOCTH O€3BONB(PAMOBBIX
TBepabIx crutasos (TH20, KHT16).

MeramtorpadiuecCKUMH HCCIIEIOBAaHNSIMH B TPABJICHHOM M HETPABJIEHHOM COCTOSHUSX [5,6] ycra-
HOBJIGHO OTCYTCTBHE CYILECTBEHHBIX M3MEHEHUH CTPYKTYpHOTO COCTOSHMSA 0, B ¥ y-(a3bl. BesiBieHo He-
3HAUUTEJIBHOE Nlepepacipe/ielieHue MOPUCTOCTH U BKIIIOYEHUI rpaduTa B CTOPOHY UX 00jiee paBHOMEPHOTO
pacrpeaeneHis U U3MEIbYeHHs] IPU COXPaHEHHWH MX CYyMMapHOro OOBEMHOro cojepkanus. Hamnune B
MHUKPOCTPYKType TBepAbIX ciutaBoB L-(ha3sl (Co;W;C) npossisrores mpu BeLAEpkKe Oonee 5...12 MuH npu
temnepatype 1200°C u npu Harpese cBbime 1260 °C B Teuenuu 15...25 cek.
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MHUKpPOTBEPAOCTb TBEPJBIX CILIABOB MOCIE HATPEBAa U3MEHSETCS HE3HAUUTEIbHO B CTOPOHY YMEHb-
meHus, a 4 cnnasa KHT16 — B cropoHy yBenuueHus.

[ToBbIIEHNE N3HOCOCTOMKOCTH Ha TOCIEIYIOMNX CTaIUsIX ONpeAenseTcs Ooyee BHICOKOH HHTEHCHB-
HOCTBIO TEMJIOOTBOAA Yepe3 NasiHOE COSAMHEHNE B CPABHEHUH C MEXaHUUECKUM KOHTAaKTOM, BBICOKOM XKeCT-
KOCTBIO U COIPOTHBIICHHEM IT0JI3Y4ECTH peXylied dacTH, nasHoi FeC-npumnoem, 61aronpusTHeIM Xapakrte-
POM HampsHKEHUH B peXKyIEM JIEMEHTE.

WsrotoBnenne pe3uos Ha 0aze FeC-npumost oGecrieunT 3HAYUTENbHOE MOBBIIIEHHWE MPOYHOCTH, a,
CIEeJ0BATENILHO, U YBEIMYEHUE CTOMKOCTH PE3LIOB.

JlaGopartopHble UCTIBITaHUS PE3LOB, M3TOTOBJICHHBIX Ha Oaze FeC-mpumos mo pa3paboTaHHON TEXHOJIO-
THH, IPOBOAMIN OTHOCHUTENIBHBIM METOJOM, OCHOBAaHHOM Ha CPABHEHMHU HX PEXYIIMX CBOWCTB CO CTaHAAPT-
HBIMH pe3lami, nasHeiMu Cu-npunosmu. VcnsITaHust DpOBOIMIN B COOTBETCTBUU C METOJMKOM, pexycMmar-
pUBaroIIel OIpeeNeHe OTHOCUTENBHBIX MOKa3aTeIel NPOYHOCTU U U3HOCOCTOMKoCTU. OLeHKa noka3zaTenei
npousBeieHa pacyeToM Kodduimentos npounoctH (K,) u croiikoctn (K,). Pexxymue cBoiicTBa MHCTpyMeH-
TOB OTIPEZENICHBI IPH 00pabOTKE TOUCHUEM ITOBEPXHOCTH, HarulaBieHHo anexTporoM Hi-30XI'CA nox ciioem
¢dmroca AH-348A. Pe3ynbTarsl 1a00paTOPHBIX UCTIBITAHUI PE3LIOB IPUBEICHBI B Ta0mHIIE 1.

AHanu3 NpoBEICHHOTO CPABHUTENBHOIO HKCIIEPUMEHTA MO3BOJISAET 3aKIIOUUTh, YTO CTOMKOCTb PE3LIOB
u3 T15K6 u KHT16, nasueix FeC-npunoem cocrarisietr 6onee 60 MUH P CKOPOCTHU PE3aHUs COOTBETCTBCH-
HO 65-100 m/MuH 1 95-110 M/MuH. CTOHKOCTh CTaHIAPTHBIX PE3LOB HAXOMUTCS Ha ypoBHE a0 30 MuH, 4TO
JIOCTaTOYHO XOPOIIO COMIACYETCs ¢ U3BECTHBIMU JaHHBIMU M MPAKTUKON PEMOHTHOTO IPOU3BOJICTBA.

Tab6muma 1
Pe3ynbTaThl CpaBHUTENBHBIX JTA0OPATOPHBIX HCIIBITAHUI PE3LIOB
[IPY TOYCHUH HAIUIABJICHHOM MOBEPXHOCTH

Pesipr nasmxie Pesnpr nasabie FeC-punoem
Mapka unctpy- | AHMu 06-4-2
MEHTAIILHOTO Pexyras miacTiuaa, GOpMbI
MaTepuaia 01391 (I) 01391 01651 (2) 02631 (3)

T, mun Sy, MM/00 K., Kip K., Kip K., Kip
BK8 9,2 1,64 1,0 1,4 1,0 1,5 1,1 1,3
T5K10 12,4 1,50 1,0 1,5 1,1 1,6 1,2 1,4
T15K6 21,0 0,86 1,1 1,8 1,2 2,1 1,3 1,5
T30K4 18,6 0,56 1,0 2,0 1,1 1,9 1,3 1,6
KHT16 22,7 0,69 1,0 2,2 1,2 1,8 — —
TH20 19,6 0,72 1,1 1,9 1,2 1,7 — —

Cremyer OTMETUTBh, YTO HAHOONBIINA POCT CTOMKOCTH OTMEUEH y PE3IOB C TBEPIBIMH CIUIaBaMHU,
MMEIOIIMMH MOHIDKEHHYIO TIPOYHOCTh, HO BBICOKHE NMOTEHIMabHEIE pexyue cBoiictBa (T15K6 n KHT16).
st pesnoB n3 T5SK10 cToMKOCTH MOBBIIAETCS HE3HAYUTENBHO. DTO OOBSACHSAETCS TEM, YTO OTKA3bl PE3LOB U3
T15K6 u KHT16 BeI3BaHBI B IEPBYIO Ouepelb paspylieHueM pexymier yactu, a TSK10 u3nocoM.

ITocne mpoBeneHus 1a00PaTOPHBIX UCHBITAHUH PE3LOB, MOJYYCHHBIX B YCIOBHUSIX 00pabOTKH Ha-
ITaBJICHHOM MOBEPXHOCTHU, MOXKHO CAEIATh PsiJ BBIBOIOB.

1. 3HOCOCTOMKOCTD pe3noB, H3rOTOBJIECHHBIX Ha Oa3e FeC-npunos Haxoxurcst Ha ypoBHe wiu B 1,1-
1,3 pa3a BblllIe CTAHAAPTHBIX, MasgHEIX Cu-IpUIOeM.

2. ITpoyHOCTP peXyIIeH YacTH TBEPAOCILIABHBIX PE3LOB, MAasHBIX pa3paboTaHHBIM MpunoeMm B 1,4-
2,2 pa3a BbllIe CTaHAAPTHBIX. JlaHHBIC PEe3yAbTAThl MOJTBEPKAAIOT MPEANONI0KEHUE, UTO IPOYHOCTD PEXKY-
el yacTU MHCTPYMEHTA B IIEJIOM B 3HAUUTEIBHON Mepe ONpeAesIeTcs *KeCTKOCThIO0 U IPOYHOCTHIO COEIU-
HeHusi, oOpazoBanHoro FeC-mpunoem.

3. CylecTBeHHOE MOBBIIIEHHE IPOYHOCTHU PEXKYIIEH YaCTH U COXPAaHEHHUE BBICOKOTO YPOBHS U3HOCO-
CTOMKOCTH TO3BOJIUT HCIIOJIB30BATh JJIsI 0OPaOOTKM HAIUIABICHHBIX IOBEPXHOCTEH pe3lbl, OCHAIICHHbBIE
HanOonee m3HococToikMMHU TBepabiMu ciutaBamu T15K6, KHT16 mpu wepnoBom n TH20 u T30K4 npu
YHCTOBOM TOYEHUHU.

Takum o0pa3om, 00paboTKa BOCCTAHOBJICHHBIX HAIlJIABKOIM MOBEPXHOCTEH TBEPJIOCIUIABHBIMU pe3-
namu Ha 6aze FeC-npunosi mo3BoJisieT MOBBICUTH MPOU3BOUTENILHOCTE 00pabOTKH, COKPATUTh PacXon pe-
KYIIUX UHCTPYMEHTOB U 00ECHeYrBaTh 3aJaHHbIC TEXHUYECKHUMHU YCIIOBHSMH ITapaMeTphbl KadecTBa oOpa-
0O0TaHHOM MOBEPXHOCTH.
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B nacrosimee Bpemst Ha monsix HoBocmOupcekoit u KemepoBckoit o0macteit ncmoibp3yercs: 60bInoe
KOJIMYECTBO MOCEBHBIX MAIIMH OTEYECTBEHHBIX M 3apyOCeKHBIX TIPON3BOJUTEIICH PA3IMUHBIX MOIEIEH.

B o01mmem KomIiekce CenbCKOXO03sIHCTBEHHBIX MAIIMH CESIKH 3aHUMAIOT O/THO M3 BEIYIIUX MECT, OT-
JIMYAIOTCSl 3HAYUTENIBFHBIM MHOTOO00pasreM KOHCTPYKIMH M Ha3BaHWH. DTO OOBSCHSIETCS, MPEXIE BCEro,
HaJIMYUEM OOJBIIOTO KOJIWYIECTBA CEIbCKOXO3SHCTBEHHBIX KYIBTYP C PE3KO Pa3INYaOIINMHUCS CBOHCTBAMHU
CEeMsIH, HEZIOCTaTOUYHBIM HCIOIb30BaHUEM MOIYJIBHOTO IPHHIIUIIA TPOSKTUPOBAHUS 1, HAKOHEI, OTCYTCTBHU-
€M 4EeTKOH KiTacCH(UKaINH KaK CIIOCOO0B ITOCEBA, TAK M CAMHX ITOCEBHBIX MAIINH.

Ha narHOM sTame ucnone3ytot takue moxenu kak [1K «Kyzbacey, ITIK «Konkopay», C3I1-3,6, C3C-
2,1, CO-4,2 u T.n [1]. Kputepun xopoIei cesuiku: - MpocTast, HO TOYHAs ¥ THOKasi HACTPOiiKa BBICEBAIOIIE-
TO anmnapaTa; - TOUYHBII 1 paBHOMEPHBII IT0CEB HA HYXXHYIO NIyOHHY, JaXe 10 OONBIIOMY KOJIHYECTBY IOX-
HHUBHBIX OCTaTKOB M TIO IIJIOXO BBEIPOBHEHHOMY IIOJIIO; - OJJMHAKOBO XOPOIIO IOJXOIUT KaK JUIl 3€PHOBBIX,
TaK ¥ JUIA MPOMAIIHBIX KYJBTYD; - HATMYHUE y MMOCTAaBIIMKa OOJIBIIOTO CKJIaja 3armdacTel, 4To o0ecreunBaeT
OBICTPBI PEMOHT CESJIKH B TIOJIEBBIX YCIOBHSX.

Bce noceBHbIE MaIIMHBI IMEIOT Psii KOHCTPYKTUBHBIX PA3IMYHN, CBSI3aHHBIX ¢ OCOOCHHOCTSIMH CIO-
coba moceBa, crenn(UKN BHICEBAEMOTO MaTepHaia W ocoOeHHOCTEeH rpyHTa. OZHUM M3 OCHOBHBIX Y3JIOB
TTOCEBHBIX MAIIIMH SBIISIETCS COLIHMKOBas rpymma [2].

ComHuKOBast TpyNna NpeJHa3HAaueHHAs Ul 3a/eNIKH CEMSH M yNOOpeHHH B MOYBY HA 3aJaHHYIO
rITyOHMHY, BBIIIOJHEHA B KOHCTPYKIUSAX pa3iandHoro Buaa (puc.l). JlamoBeie comHuky (puc.1,1) UCTIONB3YIOT
JUISl BBICEBA CEMSIH 3€PHOBBIX KYJIBTYp IO HEOOpaOOTaHHON CTEpHE HA JIETKHX M0 MEXAaHHYECKOMY COCTaBY
MOYBAaX, MOJBEPKEHHBIX BETPOBOI 3po3un. OTHOANCKOBBIE CONIHUKH (pHC.1,e) MpeTHa3HaueHB! IS BBICEBa
CEeMSIH 3€pHOBBIX KYJBTYp Ha 00pabOTaHHBIX M HEOOPAOOTAHHBIX MOMAX C COXpaHeHHeM crepHH. OHM OJHO-
BPEMEHHO JIIIaT MOYBY U BhICEBAIOT ceMeHa [3]. Bee mpencTaBieHHbIE COITHUKHA HE MOTY 00ECIICUUTh XO-
POIIYIO BCXOXECTh 36PHOBBIX B 30HE PUCKOBaHHOT'O 3€MJIE/IENNS, K KO€H OTHOCHUTCS Haml perroH. [Toatomy
npodeccopom A.A. KoreBbiMm OblTa Tipeaioxkena MoaepansupoBanHast cestka C3I1-3,6A-0,2b mis 6oposa-
KOBO-JICHTOYHOTO T0CEBa C OPUTHHAIBLHOW KOHCTPYKIHMEH comnuka (puc.2). [IpuMeHeHne naHHOM CesTKu
MI0KA3aJI0, YTO ypPOXKAHHOCTh IIICHUIBI 3HAYNTEIBHO yYBEIWINBACTCS KaK B YCIOBHAX CPEAHEH yBIa)KHEH-
HOCTH, TaK ¥ B 3aCYIINBBIN TOJI.

216



