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The work is devoted to the vital topic of obtaining wear-resistant coatings elektorodugovyh
powder synthesized nanostructured composite materials using a new class of mechanically activated
self-propagating high temperature synthesis. We consider methods of ob h ktivatsi
pre-processing of powder mixtures in a planetary ball mill AGO-2 and self-propagating high-
temperature synthesis of mechanically activated precursors. The character of wear heavy-duty products,
clad electric arc method experimental powder electrode. It is blished that the introduction of the
surface layer of the deposited coating synthesized of very hard particles (carbides) with electrodes made
of powder SHS materials significantly increases the wear resistance of the deposited layer.

Keywords: meh kti a pre ing, powder mixture, self-propagating high tempera-
ture synthesis (SHS) nanostructured composite material, powdered electrode arc welding
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CBepXHOpMAaTHBHAsI H3HOLIEHHOCTS (10 80%) 060pyn0BaHUS MPEANPUSTHIL, 1
KaK CIICJICTBHE TPSAYLINH KPU3HUC M3-32 OCTAHOBKH BBIPAOOTABIIMX CBOIl pecypc
YCTaHOBOK, BO3MOXKHOCTb TEXHOTEHHBIX KaTacTpod) BO MHOTOM MOTYT ObITh Ipe-
JIOTBPALIEHBI B PE3yJIbTaTe HCIOIb30BAHHS METOJOB IOJIYYCHHUS MOKPBITHH, KaK
OJIHOM M3 caMbIX 3((YEKTUBHBIX PEMOHTHBIX TEXHOJIOTHI, 0OECIICYNBAIOIIMNX MOJI-
HOE BOCCTAHOBJICHHE T'€OMETPHH U PabOTOCIOCOOHOCTH GOJBIIMHCTBA M3HOIICH-
HBIX JieTanei.

DNEeKTpOYyroBas HaIIaBKA 3aHUMACT IPOYHBIC MO3MLMU B MPOMU3BOJICTBE U
PEHOBALMH JeTaJIeil MAIMH U MEXaHU3MOB Pa3JIMYHBIX OTPAC/IeH NPOMBIILICHHO-
cTu. B pesynbraTe HammaBKu NpU M3rOTOBJICHHUH JETajIei MOXHO MOIYYHUTh pabo-
4yl0 MOBEPXHOCTb, 00JIAJAIONIYI0 HEOOXOAUMBIM KOMIUIEKCOM CBOMCTB: H3HOCO-
CTOHKOCTBIO, TEPMOCTOMKOCTBIO, HKAPOCTOHKOCTHIO, KOPPOZHOHHOH CTOHKOCTBIO U
T.1. IIpu peMOHTe HamIaBKa MO3BOJISIET BOCCTAHOBUTH IEPBOHAYAIBHBIE PAa3Mepbl
M DKCIUTyaTallMOHHbIE CBOMCTBa JAeraneil. B HacTosiiee Bpems BO3pAcTaeT aKTy-
AJILHOCTh MCIIOJIb30BAaHMUsl BOCCTAHOBJICHHBIX JeTaleil MpH peMOHTe aBTOMOOUIIEI,
ABTOTPAKTOPHOMN H CENIbCKOXO3SHCTBEHHOI TEXHUKH, MUIIEBOTO U IPOMBIILICHHO-
ro obopynaoBanus. Vcnonb3ys HAaIUIaBKy, MOXKHO YMEHBILINTb PACXOJ MeTaia Ha
M3rOTOBJICHHE 3allacHBIX 4acTeil o6opynoBaHus. IIpu BOCCTAHOBICHUM M3HOIICH-
HBIX JIeTaJIel 3aTpaThl HA MaTEPUANbl U KOJMYECTBO TEXHOJIOTHYECKHX ONEeparHit
COKpalaercst B 5 — 8 pas, 4TO 10 CPaBHECHUIO C H3rOTOBJICHHEM HOBBIX JeTaneit
CMOCOOCTBYET SKOHOMUH METAlIa, TOIUIMBHO-YHEPTETHYECCKUX M APYTHX TPHPOL-
HBIX PECYPCOB.

ITpu 5TOM 3a c4eT MOAM(ULUMPOBAHUS MOBEPXHOCTH ACTAIH, MOXKHO 3HAYH-
TEJILHO YBEIUUYUTh CPOK CIIykKObl 000pY/IOBaHHS B LIEJIOM, YTO OCOOCHHO Ba)HO,
€CIIM OT HaJ@KHOCTU M JIOJITOBEYHOCTH MOCIEIHEr0 3aBHCHT PaboTa BBICOKOIPO-
M3BOJIUTENILHOIO 000PY/I0BAaHMs, @ 3aMEHAa TAKUX JIeTajlel CBA3aHa C JUIMTEIbHBIMU
MPOCTOSIMU arperatoB. DTUM o0ycioBiIeHa GOJbIIas SKOHOMUYECKAsh M TeXHUYe-
ckast 3¢ GeKTHBHOCTh HAIUIABKU B MPAKTHYECKM JIOOOH OTPaciii MAaIIMHOCTPOCHHMSI.

OJHMM M3 MEPCHEKTHBHBIX METOIOB MOJTY4YeHHs MOPOIIKOBBIX MAaTepuanoB
JUISL 3IUTHBIX TIOKPBITHIi SBJISETCS CaMOPACIPOCTPAHSIOMMNCS BBICOKOTEMIIEpa-
TypHbii cunte3 (CBC).

B ocnoBe merona CBC nexutr peakuus 5K30TepMHYECKOTO B3aUMOJCHCTBUS
JIBYX WIIM HECKOJIBKUX XMMHYECKHX JJIEMEHTOB, POTEKAIONIAs B PEKUME HAIPaB-
JIGHHOTO TOPEHHSI TIOCTIE JTIOKAIBHOTO HHHIIMHPOBAHHS MPOLECcCa.

Crenuduueckoe npenmyectso CBC-nporeccoB 3aKiI04aeTcs B OTCYTCTBHI
WIN CYIIECTBEHHOM CHIDKEHHH YHEPro3aTpar 3a CYeT MCIOJIb30BaHHS dK30TEPMH-
4eckoro ddexra peakiuii 1 B BBICOKOH CKOPOCTH CUHTe3a. Biaromapst Takum oco-
6ennoctsiM CBC, Kak BbICOKas TEMIIEpATypa, IPEBbILIAIONIast B OOJIBIIHHCTBE CITy-
YaeB TEMIEPATypy IUIABJICHHS XOTS ObI OJHOTO M3 PEarcHTOB, BBICOKas CKOPOCTH
BHYTPEHHEr0 CaMopa30rpeBa, MPOTeKaHHe PeaKIMil B YCIOBHAX PE3KOTO TpajneH-
Ta TEMIIEpaTyp, METO/l MO3BOJIATH MOJIy4aTh MaTePHAIIbI C OBBIICHHBIMU CBOHCT-
BaMHM, a B PsJie CIIy4yaeB yJaeTCs CHHTE3MPOBATh KOMIIO3MIMH, IOJTy4YeHHE KOTO-
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PBIX APYTUMH H3BECTHBIMH CIIOCOOAMH TPpeOyeT GOJBIINX 3aTPaT H/HIIM CIOXKHOTO
JIOPOTOCTOSIIEr0 000PYI0BaHHs JTHO0 BOOOIE HEBO3MOXKHO.

D¢GEKTUBHBIM CPEJICTBOM, MO3BOJISIONIMM LEICHANPABICHHO BIHMATH Ha
CTPYKTYPHOE COCTOSIHME PEeaKIMOHHOH MmuxThl ¥ napamerpsl CBC, obecrieunBas
TEM CaMbIM BO3MOXKHOCTb PEryJIHPOBAHHS MEXaHH3MOB (ha30- H CTPYKTypooOpaso-
BaHHUs MaTEPUAJOB B NPOIECCE CHHTE3a, a TAKXKE BOCIPOMU3BOAMUMOCTb PE3yJIbTa-
TOB, ABJIAETCA Npe/IBApHTEIbHAS MEXaHOAKTUBAIMOHHAs 00paboTKa.

HoBbIM siBIsieTCS METOJl MEXAHMYECKH AKTHBHUPYEMOIO CaMopaclpocTpa-
HSIOLIEroCsl BHICOKOTEMIIEPATYPHOrO CHHTE3a, OCHOBAHHBIH HA COYETAHMM MeXa-
noaktuBaiuu 1 CBC u npezcrasisiomuii coboii [Bycranuniiublii mpouecc. Ha nep-
BOM JTaIe PeaKkIMOHHas IHXTa 00pabaThIBACTCS B TEUCHHE CPABHUTEIHLHO KOPOT-
KO0 BPEMEHH B DHEPrOHANpSIKEHHOM ammaparte — aKTHBaTOpe, Ha BTOPOM — HC-
MOJB3YeTCs B KauecTBe peaknoHHoii cmecn st CBC.

H3BecTHO, uTo B 0cHOBe CBC NI@XKHUT HCIIONB30BaHUE TEIUIa, KOTOPOE BbIJE-
JSeTcs B XOJe SK30TEPMHYECKOH peakuuu B3amMopelctBus peareHtoB. CBC
HPEACTaBIseT cOOO0I THINYHBINA HEN30TEPMUYECKHIT POLIECC, XapaKTePU3YIOIIHii-
sl OKCTPEMAIIbHBIMU YCIIOBUSIMM CUHTE3a: BBICOKHMH CKOPOCTSMH HAarpeBa MCXOA-
upix kommnonentos (10° — 10° rpaj/c), peskum rpaauentom Temmepatypsi (o 10°
K/cwm), Beicokumu Temmnepatypamu (10 4000 K) n MansiMu BpeMeHaMu cHHTE3a (OT
JIOJIeH CEeKYH/I IO HECKOJIBKUX MUHYT).

B 3aBucumoctu or ycnosuit CBC Moxer nporekaTts B JByX pexuUMax: I10-
CIIOWHOTO TOPeHHs U 0GBEMHOr0 TEIUIOBOrO B3pbiBa. Hampumep, B pexume Io-
CJIOIHOTO TOPEHHs XMMHYECKas peaklus I0CJe €€ JIOKAIbHOIO MHHIMHPOBAHHS
CaMOIIPOU3BOJILHO NEPEMEIIACTCS 10 BEIIECTBY B BHJIE Y3KOH 30HBI (BOJIHBI rope-
Hust). Terto, moaBOIMMOE K IOBEPXHOCTH 00pasia, NporpeBaeT NOBEPXHOCTHBIM
CJIOH ¥ MHULIMUPYET 3K30TEPMUUECKYIO peakiio. Bomusu nosepxHoct popmupy-
ercs (DPOHT TOpPEHHMs, KOTOPbIii HAYMHAET CAMONPOM3BOJILHO PACIIPOCTPAHATHCS
B10JIb 00pa3ua. Temneparypa B BOJIHE FOPSHHS H3MEHSETCS OT Ha4alIbHOM 10 MakK-
CHMAJIbHOM 32 CYET TEIUIOBBIACNEHHS] XMMHYECKHX PEaKLHi TeMIepaTypbl rope-
Hust. Temneparypa ropeHus MrpaeT KIIOueBYIO polib B mpoTekanuu npouecca CBC
u (HOpMUPOBAHME KOHEUHBIX MPOAYKTOB ropenus. Tawoke uszsectHo, uro CBC B
MHOTOKOMIIOHEHTHBIX CHCTEMAaxX II03BOJSET MOIy4aTh CIOXHbIE JETHPOBAHHBIE
coefiMHeHNs. J[OTOTHUTEIbHOE UCIONB30BAaHHE MEXaHOAKTHBALMH CYIECTBEHHO
pacIupsieT BO3MOKHOCTH TaKUX MaTEPUAIIOB.

CneyeT OTMETHTb, YTO MEXAaHOAKTUBALMS MO3BONSET MOAH(HIMPOBATH YC-
nosus nporekanus CBC-mporieccoB. Bonpocam 3KCIEpHUMEHTAIBHOTO UCCIIE0Ba-
HMSI MEeXaHOAaKTHMBaLMK Ha mapametpbl CBC mocBsimeHo GonblIoe KOIMYECTBO
myOanKanui. BoJBIIMHCTBO aBTOPOB B Ka4yeCTBE OCHOBHBIX BHIOB BO3JEIHCTBHS
MexaHoakTupaluu Ha CBC oTMEHYalT CyIIECTBEHHOEC CHHKEHHE TEMIIEpaTyphl U
BPEMEHH Hauajla B3aMMOJIEHCTBUS PEareHToB, YBEJIMUEHHE CKOPOCTH XUMHUYECKHX
peakuuii U TIOBBIIICHHE TOJIHOTHI MPEBPAICHHS Ul aKTHBUPOBAHHBIX CHCTEM.
Kpome Toro, mMexaHoakTHBalus Mo3BOJISET CYIIECTBEHHO M3MEHSATH BEJIMYMHY M
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XapakTep TEIUIOBBIIEICHUS, TEMIIEPATYPy U CKOPOCTh F'OPEHHMS, a TAKXKE MEXAHU3M
U KMHETHKY MPOLECCOB B3aUMOJCHCTBHSI KOMIIOHEHTOB (YCJIOBHS IPOTEKAHHS XH-
MHYECKUX PeaKIHil U UX CTaJJMHHOCTB).

OOBIYHO NPH M3YYEHUM BIIMSHUS MEXAHOAKTHBALMU HAa I€TEPOreHHbIC peak-
LMY aBTOPaMH PAcCMATPHBAIOTCS JIBA TUIIA BO3JCHCTBUSA, KOTOPBIE YCIOBHO MO-
HO 0003HAYNTh KaK MHKPOCTPYKTYPHbIE U 3HepreTuyeckue. MUKpPOCTPYKTYpHBIE
BO3JICHCTBHS CBOAATCS K M3MEIBUCHHIO PEareHTOB M YBEIMYCHHIO IUIOMAIN KOH-
TaKTa MEXJly HUMH, 4TO IIPUBOJIHUT K YCKOPEHHIO PeaKiMi. DHepreTHYecKHe Bo3-
JIEHCTBHS CBSI3BIBAIOTCS C AKKYMYJIMPOBAHHMEM JIOTOJIHUTEILHON SHEPrHH B KpH-
CTaJUTMYECKOH pelIeTKe BCIEACTBUE HAKOILUIEHUS OCTATOYHBIX YNPYTHX WM ILIa-
CTHYECKHX Je(opManuii Ipu MeXaHHYecKoM Bo3zeiicTBHM. Bo MHOruX ciydasx
MHKPOCTPYKTYPHBIE H DHEPreTHYECKHE ACTIeKThI JEHCTBYIOT COBMECTHO, H Pa3iH-
YUTh UX CIIOJKHO. BimsHne mexanoaktnBanum Ha mapametpbl CBC o0bscHSAIOT
BIIHSAHHEM JIe()EeKTOB KPHCTAUIMYECKOTO CTPOSHMSI U COOTBETCTBYIOLICH YHEPruH,
HAKOIUICHHBIX B MeTayle NPU MEPHOAMYECKOH IUIacTHuecKol nedopmamuu Bo
BpEeMsi MEXaHOAKTHBALUH, a TAKXKE CHIDKCHHEM d((DEKTHBHOI SHEPrUM aKTUBALUK
peakIuu pH nocnenyiomeM Harpese B BoaHe CBC.

Cnenyer ormetuTsb, yro CBC-peaxiiiio MOXKHO NMPOBOAUTL U C HCIOJIb30Ba-
HHMEM «HHEPTHBIX» B XUMHYECKOM IUIaHE J00aBOK (MAaTpHII), MPH HCIOJIb30BAaHHI
KOTOPBIX pEaKklys CHHTE3a NpEJBapUTENbHO MEXaHOAKTHBUPOBAHHBIX BEILECTB
MIPOUCXOANT B 00beMe 3Toi Marpuue. I1oo6HbIe 106aBKH SBISIIOTCS 3(PHEKTUB-
HBIM CPEJICTBOM YIPABIICHUS ITIPOLIECCOM (HOPMHPOBAHMUS CTPYKTYPBI CHHTE3HpYe-
Moro komrmnosura. «MHepTHbIe» MaTPUILbl, HE MEHSIOIIHE COCTAaB KOHEUHBIX MPO-
JIyKTOB, CHUJKAIOT TEMIIEPATypy U CKOPOCTh FOPEHHUs U NPUBOIAT K CHILHOMY MO-
nndunupoannio cTpykTyphl CBC-MaTepnano (CyImeCTBEHHO YMCHBIIACTCS Pas-
Mep 3epHa, HOBBIIIACTCS OJHOPOIHOCTh CTPYKTYPbI). DTO CBA3aHO C TEM, YTO, Bbl-
nosHAs (yHKUMH pa3baBuTeNst (IIOCKONIBKY B MPOAYKTAaX PEAKIMH HE 0OHAPYKEHO
COEJIMHEHNH MCXOJHBIX PEareHTOB C MaTepHalloM MAaTpPHIIbl) MATPHIIBI OJHOBpE-
MEHHO SIBJIAIOTCS JOMOJIHUTEIbHBIMH IIEHTPAMH KPUCTAJUIM3ALMM HA paHHEl cTa-
JIMH CTPYKTYpooOpa3oBaHHs, CIOCOOCTBYS MPOLECCY I'€TepPOreHHOrO 3apojbliie-
00pa3oBaHKs y’Ke Ha CTa[UH MEPBUYHOTO CTPYKTypooOpasoBanus. IIpu sToM TOp-
MO3STCSI TIPOLECChl PEKPHCTAUIM3AIHN U POCTA 3€PEH B BOJIHE TOPEHHS. JIOMOIHH-
TEIbHOE MCIOJIb30BAaHHE MEXAHOAKTHBALMU HE TONBKO OOECIIEUMBAET PaBHOMEp-
HOE pacIpeJeNneHne pearnpyolux YacTUI 0 00beMy MAaTpPHIBI, HO U BIHSAET Ha
MOP)OIIOTHIO 1 Je)eKTHOCTb CTPYKTYPBI HOPOIIKOBBIX CMECEii.

B ofmmem ciydae MpOAyKT MEXaHHYECKH aKTHBHPYEMOTO CaMOpacHpocTpa-
HSIIOIIETOCsSI BBICOKOTEMIIEPATyPHOTO CHHTE3a XapaKTepusyeTcs 0ojee TOHKOH (C
HAHOPa3MEPHBIMU BKJIIOYEHUSMH) U TOMOTCHHOH CTPYKTYpOi NMPH MOBBILICHHOM
riayOuHe mpeBpaiieHust o cpaBHeHnio ¢ CBC-mpojykramu 6e3 HCIONB30BaHHS
MexaHoakTupaluu. [1py 3TOM B 3aBUCHMOCTH OT THIIA aKTUBAaTOPa U PEXHMa Me-
XaHOOOPaOOTKH MOJKHO CYIIECTBEHHO MEHSATH KaK MEXaHM3M IIporecca, Tak u (a-
30BBIH COCTaB MOJIy4aeMoro mnpojykra. Kpome Toro, 0COGEHHOCTH B3aUMOJEHCT-
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BHS pCarcHTOB B MCXAHOAKTHUBHPOBAHHBIX MaTEepHaIax (CHH)KCHI/IG TEMIIEpaTyphl 0
YBEIIMYCHUE CKOPOCTH XUMHYECKOTO peamposal—mﬂ) OGGCHG‘II/IBaGT BO3MOKHOCTH
NPOBEJICHHUS Tpoliecca Ha Bo3ayxe 6e3 okucieHus. IIpu 5TOM MeXaHOAKTHBALMS
no3BossieT noiydath MerogoM CBC jiermpoBaHHBIC MaTEpHalbl C HOBBIICHHOMN
KOHHCHTpaHHCﬁ JICTUPYIOIIUX 3JIEMEHTOB (BBIH_IC 3HA4YCHUA Hpe}leﬂbHOﬁ pacTBo-
pumoctH). MICXOIHBIE TIOPOIIKM B 3aBUCHMOCTH OT CIOCO0A IOIYYCHUsS MOTYT
UMeTh Pa3InuHyio GOpMy YacTHUI[ — OT MPABUIBHON ITOOYIAPHON 10 OCKOTIOUHOM.
OnHako 1nocie 06paboTKU MOPOIIKOBON CMECH B aKTUBATOPE €€ YaCTHIIbI IPHOO-
PETaloT XapaKTepHyIo OCKOIOYHYIO (HOpMy, a B LIEIOM CMECh MPEACTABISET CO0O0i
CJIONCTBI KOMITO3UT. BBINOMHEHO HccienoBaHue 00pas3lioB KOMIIO3UTA C IOMO-
LIBIO METOMKU PaCTPOBOM NEKTPOHHOIT MUKpocKkornuu (POM), pe3yibTaThl KOTO-
poii npuBeaeHs! Ha puc. 1.
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Pucynok 1 — POM-u300paskeHne NOPOLIKOBOI CMECH HCXOJHOTO MEXaHOKOMITO3HTA
nocie 06pabOTKH B aKTHBATOPE

Tepmorpamma nposenernst CBC-peakuuu OblIa Moj1y4eHa ¢ HCHOJIb30BaHUEM
Mukportepmornap Tiia BP-5/20 u ¢ nomomisro AL 1 KOMIIBIOTEPHOI IPOrpaMMbl

(puc. 2).
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Pucynok 2 — Tepmorpamma CB-cunTe3a kapbuaa THTaHa B HUKEIb-XPOMOBOI MaTpHIle

Pesynbrarel POM-ananu3a npuBeaeHsl Ha pUCYHKe 3.
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Pucynok 3 —SEM-u CBC-peaKme

C 1enblo BBIABICHUS PALMOHAIBHBIX PEKHMOB PYy4YHOH ITyroBOH HAILTaBKH
TOPOMIKOBBIM JIEKTPOAOM ObIIM BBIIOJHEHBI NPAKTHYECKHE HCHBITAHUA C T10-
crpoenneM BCX — BHemHeil craTH4eckoil (BOJBT-aMIIEPHON) XapaKTEPUCTHKH.
IIpu 5TOM IpOBEPSIIOCH MATH MOKa3aTeneil CBapOYHbIX CBOMCTB: Ha4albHOE 3aXKH-
TaHue IyrH, CTaOMIBHOCTb MPOIECcca HAIUIABKU, Pa30pBI3TMBAHHE METallIa, Kaue-
CTBO (JOPMHPOBAHMSI IIBA, HMACTHYHOCTh Ayru. MccnenoBaHus MPOBOAWIN C II0-
MOILIBIO cBapouHOro Bempsimutenst Mapku TUTAH-BC-220A Ha MOCTOSHHOM TOKE
00paTHOI MONSPHOCTH. DKCHEPHMEHTAIBHBIC MOPOLIKOBBIE JIEKTPOJBI C COAEp-
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skanneM TiC+HITP-H70X17C4P4-3 (X % macc.) — CBC-MeXaHOKOMIIO3UT MMEIH
CTemeHb cojepkanus (pa3daBneHns) MeTauta MaTpuisl ot 80 %, 70 % u 60 %.

Jrs moctpoennss BCX cBapOYHOTO BBIPSAMHTENS TPUMEHSUIMCH H3MEPH-
TesbHble Kieln Mapkn APPA-A16 u Gayutactaslii peoctar PB-302V2 (1...4 wr.).
TIpn moAKITFOUEHNN CBAPOYHOTO BHIIPSMHUTENS K OaIaCTHOMY PEOCTaTy yCTaHaB-
JIMBAJIM BEJIMYMHY HOMHHAIBHOTO TOKA. 3aMep 3HAYCHMs TOKA NPOBOIMIM B Teye-
HHE 2 MUH. (OTKJIOHEHHE TOKA OT HOMUHAJILHOTO HE MPEBbILAio 5 %).

3aTeM JuIst onpesieseH s NPeJIeNIoB PEryJIMpOBaHUs CBApOYHOro TOKA BBIINOJI-
HSJIM U3MEHEHHE TOKa 0T MUHMMAJILHOTO 110 MAKCHMAJIbHOIO 3HAYEHHUs C 3aMepPOM
Toka. IIpu onpeneneHnn HanmpsHKEHUs! XOJIOCTOTO X0J[a M HOMMHAILHOTO paboyero
HaNpsOKEHUs TIPOM3BOJMIIM 3aMephl HAMPSDKEHHs] Ha KJIeMMaX MCTOYHMKA 06e3 Ha-
TPY3KH U HOJ Harpy3KOu.

Jlst onenku Buaa BCX npu MOAKITIOYEHNH aKTHBHOM HAarpy3KH K BBIXOIHBIM
KJIeMMaM BBINPSIMUTENS ONPENEIUINCh COOTBETCTBYIONIME 3HAUYSHHS TOKA M Ha-
TIPSDKEHHS.

Cepust SKCIIEPHMEHTOB 1T03BOJIHIIA onpenenuts Bux BCX ¢ oneHkoit paboue-
TO JAMana30Ha HAIIaBKH MOPOIIKOBBIM 3JIEKTPOJOM (puc. 4).
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PucyHok 4 — BHewmsist cTaTH9ecKast XapakTepHCTHKA C yKa3aHHeM paboduero Juamna3oHa
HAIUTaBKH TIOPOIIKOBBIM SJIEKTPOJOM: Min — MHHHMAJIBHBIH CBAPOYHBIN TOK, MaX — MaKCH-
MallbHBIH CBapO4HBIii TOK. B 3areMHeHHoii oOnacti: 1, 2, 3 — cemeiicrBo BCX st Haruias-

KU TIOPOLIKOBBIMH 3JIEKTPOJAMH CO CTEIICHBIO Pa30aBIIeH s METaIIOM MaTpHIs oT 80 %,
70 % u 60 %, COOTBETCTBEHHO

Bropas cepusi SKCIIepUMEHTOB Oblla BBINOIHEHA PU HAWTYYIINX [OKa3aTe-
JISIX cBapo4HbIX cBOMCTB (cornacHo PJ1 03-614-03), a UMEHHO: HAYAILHOE 3a)KHIa-
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HHE J{yTH — JIETKOE, CTaOMIBHOCTB MPOLecca HAIUIABKH — BBICOKAs, pa3OpbI3rHBa-
HHE MeTajla — Majoe, KauecTBO (JOPMHPOBAHUS IIBA — OUCHb XOPOILIee, HIacTHd-
HOCTb JyTH — BBICOKaSI.

Taxum 06pa3oM, MoJOGPAHHBIC PEKUMBI MO CBApOYHOMY TOKY oT 230 1o
254A sBnsrOTCA Hanbosee PalOHATBHBIMH JUTA HAIUTABKH SKCIIEPUMEHTaIbHBIMHI
MOPOIIKOBBIMU  DJICKTPOJAMH WaMeTpoM 5 MM ¢ coxepxanueM TiC+HITP-
H70X17C4P4-3 (X % macc.) — CBC-MeXaHOKOMITO3HUT CO CTENCHbIO pa3daBiIeHUs
MeraioM Marpuisl ot 80 %, 70 % u 60 %.

Ipu nccnenoBanuu 00MIEH CTPYKTYPBI MOKPHITHIT IPUMEHSIIOCH XHMHYECKOE
TpaBieHue 3 % pacTBOPOM a30THOI KHCIIOTBI B STHIIOBOM CIIUPTE, a TIPH UCCIIEN0-
BAaHUU TOHKOW CTPYKTYPbI IIOKPBITHII IPUMCHSUIH XUMHUYECKOE TPABICHHE B TeUe-
HHMe 5 MMH. BogHbIM pactBopoM 20 % kpacHoii kpossiHoi comn K3[Fe(CN)6] n
20 % KOH. Ins ompeneneHus oOIIEro XxapakTepa BHYTPEHHETO CTPOCHHS MaTpH-
161 CBC-MeXaHOKOMITO3UTOB MHKPOULTH(BI TOABEPTaINCh ITEKTPOXUMUYECKOMY
TPaBJICHUIO PACTBOPOM 15 % XJIOPHOII KHCIOTBI B YKCYCHOW KHCIIOTE «JIEISHKE»
(Bpemst TpaBneHust 30 ¢; ICTOYHHK MOCTOSHHOTO TOKa, Hanpshkenue 3 B).

AHanu3 Tmokasai, 4To 1O Mepe yMEHbINeHHWs cTerneHu pasbasiaenus CBC-
MexaHokommosura cocrasa TiC+X % Me (P6MS, ITP-H70X17C4P4-3) meramiom
MaTpPUILBI 3HAYHTEIBHO BO3PACTACT KOJIMYECTBO KPYITHBIX KapOMIHBIX YaCTHUI[ pa3-
JIMYHOI (POPMBI, BBIICISIONMXCS BHYTPH 3epHa (pHc. 5). Mcronb3oBaHue NpU Ha-
maBke Marpuusl Tana TiC+HP6MS (X % macc.) IPUBOAHUT K BBITAJCHHIO MEITKHX

PaHHIIaM B BUJIE CETKH.

0)
Pucynox 5 — MEKpOCTPYKTypa HAIIaBICHHOTO METalIa M3 TIOPOIIKOB
CBC-mexanokomrio3ntos cocrasa TIC+POMS (X % macc.): a — 60; 6 — 20

B kadectBe 000pYyHOBaHUS IS UCCIETOBAHHUS M3HOCOCTOMKOCTH HAILIABKU
HCIIONIb30BATACh MAIUHA TPEHHUS, NpeAHA3HAYEHHAs ULl UCTIBITAHUH Pa3IHYHBIX
(DPUKLMOHHBIX U CMA30YHBIX MAaTEpPUAJOB HAa TPEHHE M H3HOC C MAaKCHMAIIbHBIM
MomeHTOM TpeHuss 40 H'M M MakcuManbHOW 4acTOTOH BpalleHHs IIITHHENS
3000 mun’.
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Jlns BeIOOpa mapameTpoB ucmbiTaHnii ucnonb3oBaics T'OCT 17367-71 «Me-
Tauibl. METO/ MCHBITAHUS HAa abpa3HBHOE M3HALIMBAHME NPH TPEHHU O 3aKper-
JIEHHBIC aOPa3UBHBIC YAaCTULIBI».

MccneioBanus IIPOBOIMIMCH C HCIIONB30BAHHEM CIEIHaIbHO H3rOTOBJICH-
HBIX 00pa3IioB NPE/ICTaBIAIONINX COO0H TIaJIKNe IMINHIPHYECKHE 00pa3Ibl COOT-
BETCTBYIOIIMX pa3MepoB. B kauectse abpasuBHOro mMarepuaina Obll BBIOpaH JMCK,
KOTOpBIi ~ M3roTaBJIMBAJICS M3  aOpa3sMBHOM  JIMCTOBOM  IIKYPKH  MapKH
J125620%50C115A25-BMA T'OCT 6456-82. B kauectBe abpa3suBHOro Matepuaa
HCIIOJIb30BAH JICKTPOKOPYHI HOpMaibHblil A15 3epuuctocteio 25 (TOCT 3647-
71).

Pe3ynbraThl MCHIBITAHUIT 1O ONpEIENECHNIO BECOBOTO M3HOCA HAIIABJICHHBIX
HOKPBITUH B 3aBUCUMOCTH OT CTENEHH pa30aBlIeHNs MeTajlla MaTPHULbl KapOuaaMu
HpE/ICTAaBICHBI B TaOIHIIE U HA PUCYHKE 6.

Tabmuua — Pe3ynbTaThl HCCIE0BAHUS H3HOCOCTOHKOCTH HATLIABICHHBIX
MOKPBITHIH

CreneHp pa30aBleHUs METATIOM
: o CpaBHHTEIIBHOE HCIIBITAHHE
Cepusi UCTIBITA- Marpuiibl, % macc (cram 45)
HHif 90 [ 80 ] 70
Becogoii usnoc, r
1 0,0487 0,0523 0,0372 0,2581
2 0,0391 0,0341 0,0259 0,2422
3 0,0471 0,0382 0,0228 0,2329
4 0,0464 0,0302 0,0132 0,2174

ITo pe3yabTaTam HcclieJOBaHUSI H3HOCOCTOMKOCTH YCTAHOBJIEHO, YTO HAILIAB-
JICHHBIC JYTOBBIM CIIOCOOOM HOKPbITHS M3 1nopoikoB CBC-MexaHOKOMIIO3UTOB,
obecrieyrBaeT MOBBILICHHE H3HOCOCTOHKOCTH U TBEPIAOCTH IOKPBITHUA.

et

PucyHok 6 — BecoBoit H3HOC HaIUIaBIEHHBIX 00PA3IIOB
Boisoow:
ITo uroram paGoThl MOXKHO C/IEIaTh BBIBOJ, YTO METOJ MEXaHUYECKH aKTHBH-
PYEMOr0 CaMOpaclpOCTPAHSIOUIErOCs BHICOKOTEMIIEPATYPHOIO CHHTE3a MO3BOJISIET
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CO31aBaTh U UCIOJIB30BaTh IIOPOIIKOBBIC CBC-MaTCpHSJ'[BI B Ka4€CTBC Marepuaila
TIOPOLIKOBOT0 3JIEKTPOAa (HpOBOJ’[OKI/l). Hcnons3oBanue TIOPOUIKOBBIX 3JIEKTPOIOB
JIA 3HCKTpOLlyFOBOﬁ HAIUIaBKH 00ecrevYnBaeT CTPYKTYpPY HaIUIaBJICHHOTO CJIOS C
PaBHOMEPHBIM PACIPE/IECICHACM YIPOYHSIOMEr0 KapOUIHOro 3epHa 110 00beMy
HalrutaBKH.

Takum 06pa30M, Hp"MeHS{CMHﬁ CI0Co0 MOBBINIEHHsT H3HOCOCTOMKOCTH C TO-
MOII[BIO TTIOPOLIKOBBIX 1eKTPo10B 13 CBC-MaTepuaoB MO3BOJIMT CYLIECTBEHHO (B
3-5 pa3) yBeIHYUTb CPOK CITy>KObI ObICTPOM3HAILIMBAIOIMXCS JAeTaIeH U y3110B (pa-
0OuUMX OpraHOB CEJIBCKOXO3AHCTBEHHOM TEXHMKM, HANpUMEp CTPEeb4aThX Jar
KyJIbTHBATOPOB U CESIIOK).
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