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PEIIEHUE ITPOBJIEM MOPOIIKOBOW METAJLTYPTUH
B ®YHIAMEHTAJIBHBIX UCCJIEJOBAHUAX

Knrouesvie cnosa: HepaeHoBeCHds nia3md, NOPpOowKuU, HaHo4acmuybl, aacop6uposanﬁb1e 3A2PA3IHEeHUs.

B cmamve npeonacaemcs peuieHue Knouegvbix npodiem NOPOUIKOGOU MeMALLypeul 8 NPUMEHEeHUU HEPAGHOGEeCHOU
nAa3Mebl 8 Kayecmee UHCMpPYMeHma OJis OYUCMKU NOBEPXHOCMEN YaACmuy Om 3acpsi3HeHul, a makoice Haubonee
ONMUMANBLHO20 NepeMeuueanuss Gpakyuil u Komnonenmos. Hzyuennocmv GyHOAMEHMAanibHOU HAYKOU NpoOYeccos,
NPOUCXO00AWUX C YACTUYAMU 8 NIASMEHHOM peaxmope, no3601aem NpoeKmuposams cO8peMeHHble MeXHOI0SUYecKue
JUHUU, AKMYATLHOCb KOMOPBIX 8 CyYae NpuMeHeHus HaHouacmuy 01 NOJY4eHus: 6oiee 8bICOKUX NOMpeOUmenbCKux

CceoUCme u3oenuil, — HeCOMHEHHd.

Keywords: nonequilibrium plasma, powder, nanoparticle application, adsorbed contamination.

In this paper the solving of main problems of powder metallurgy concerning application of nonequilibrium plasma as
the tool for clearing particles surfaces from pollution, and also for the optimal mixing of fractions and components is
proposed. The level of scrutiny by fundamental science of the processes taking place with particles in a plasma reactor,
allows to project modern processing lines, which urgency in case of nanoparticle application for generation of products

with higher consumer properties is doubtless.

B nmnpencraBneHHON CTaTbe aKLEHT CHENaH Ha
W3yYEHHOCTh IIPOLIECCOB, INPOUCXOAAIIMX C YacTHLIAMH B
«TIBIJIEBOM» IIa3Me B pe3yibraTe  (yHAaMEHTAIbHBIX
WCCIIEOBAaHUH, YTO IIO3BOJISET BBIHTH Ha TEXHOJOTHYECKOE
IIPUMEHEHHE.

HepaBHoBecHast mma3mMa must  MOAUGDHUIUPOBAHUS
MOBEPXHOCTEH BOJIOKOH B MPOMBIIIICHHBIX MacuITabax yke
Halula IIUpOKoe mpuMeHeHue. M 310 Oosbimol  ycnex
poccuiickoif Hayku. B mopomkoBoil Metamnmyprum  Bce
oOcrout ckpoMHee. U TOTOMY MBI NIPUHSIIM Ha ceds Tpy.Q
NPUMEHEHHUs MPEUMYIIECTB HEPaBHOBECHOM IIasMbl B
MOPOILIKOBOM METAJUIyprHM, KOTOpash MPAaKTHYECKH YxKe
ucuepnaga BO3MOKHOCTH TPAAWIMOHHBIX TEXHOJOTHH B
MOBBILIEHUN KauyecTBa u3aenuil. IlpuuuHOW TOMY sIBIsieTCH,
MPEX]E BCEro, OKPYKAIOIIUN NOBEPXHOCTh KaXKIOW YaCTHULIbI
CJIOW anCcopOMpPOBAHHBIX 3arps3HEHWH. OTOT CJOW MpH
KOMITAaKTUPOBAaHUU U CHEKAHWH UTPAET OCHOBHYIO POJb IPHU
00pa30BaHUM BELIECTBA MEXYACTHUYHBIX TI'PAHUI], POCTa HX
TOJINIUHBI U, B KOHCYHOM HTOIC, ABJISICTCA OCHOBHBIM
(akTOpOoM BIMSHHMS Ha (U3MYECKHE CBOWMCTBA M3JEIIHSL.
OuncTKa MOBEPXHOCTU OT 3TOTO CJI0S MO3BOJISET CO3aTh MPHU
KOMIIAKTUPOBAaHUU YCIIOBUS ISt B3aMMOJICHCTBHUSA
MIOBEPXHOCTHBIX CBOOOJHBIX 3JEKTPOHHBIX CBS3€H CMEXHBIX
YacTHL, BO MHOTOM OOJIErYnTh npoTekanue Iuddy3noHHBIX
nponeccoB. MeX4yacTHUHBIE TPAHUIIBI IIPU 3TOM CTaHOBSTCS
CYILIECTBEHHO TOHBILE, CHWXXasi CBOM BKJIaJ B CBOICTBa
n3nenuid. EcTecTBEHHO, YTO IIOCIIE OYWCTKH YacTHI[ OT
a7IcopOMPOBAHHBIX 3arpsA3HEHUI HET CMBICIIA B ONEPALUIX Ha
BO3IyXe€.

B cnyuae mnpumMeHeHMs HEPaBHOBECHOW IUIAa3Mbl
BONPOCHI YHCTOTbBI HOBerHOCTeﬁ qyacTuln u KadycCTBa
nepeMeuInBaHus KOMIIOHCHTOB MIHXT peuiaroTcsa
ABTOMAaTUYECKU Gnaronaps ¢dusnuecKkuM acreKTam
KOHCTPYKLIIMM  peakTopa. I 3To pelieHre ofHUX U3 CaMbIX
TJIaBHBIX 33/1a4 B MOPOIIKOBOWH METAJUTypruu. 3aTeM ClegyeT
peleHne 3a1a4 KOMIAKTHPOBAHUS W TMOTYYEHHS aHOMAJIbHO
OBICTPBIX TapameTpoB AU y3UH IpU CIIEKaHUH KOMITAKTOB,
YTO TAK)X€ IT03BOJIIET YIPABIATh KauecTBOM M3Jenui [1].

C  ymeHbmeHueM  ¢pakuMii  HOPOLIKOB 10
HAHOPAa3MEpPOB OOBIYHBIE TPYAHOCTH IIPEBPAILAIOTCA B
Hepaspelumble mpobsemsl. Pedb HIeT He TOJIBKO O BIUSIHUU
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MOBEPXHOCTHBIX 3arpsi3HEHUN 4YacTHUIl, OYUCTKA
OT KOTOPBIX TPaJUIMOHHBIMH METOJaMU HE
TMPUHOCHT ycrexa, HO u Ka4eCcTBO
nepeMemmBanns  (Qpakiuid, KOTOpOe TaKxke
CTaHOBUTCA NMPOOJIEMOH, ¥ CO3aHUE YCTONUMBBIX
arperatoB, KOTOPO€ MOXKET HUBEIHPOBATH BCE
MperMyIIecTBa YIbTPAAUCIEPCHBIX dYacThl. Ha
9ToM  (oOHE  OueBHOHA  BOCTPEOOBAHHOCTH
pe3yabTaToB (BYHIAMEHTAIBHBIX UCCIICIOBAHUIA B
o0JlacTH ~ HU3KOTEMIIEpaTypHOW  IUIa3Mbl, B
YaCTHOCTH, MBUIEBOM MIa3Mbl AN HYX]I
TEXHOJIOTUH.

[Tpumenenne B TEXHOJIOTUH
HHU3KOTEMIIEpaTypHOH IIJIa3Mbl IOMOTAeT PEIINTh
psin mpoOieM: KadecTBEHHOE —IIepEMEIINBAHUC
¢pakmmii  BBHIY ~CIydaifHOTO  BO3AEHUCTBHS
JNEKTPUYECKHMX CHJI B  BaKyyMe, OYHCTKa
JJIEKTPOHHOW OOMOApPAUPOBKOIl MMOBEPXHOCTEH
YacTHUI[ IOPOILIKOB, ONTHMAJIbHOE IPOTEKAHUE
I ]y3HOHHBIX  MPOLIECCOB  HAa  OlEepalmsix
KOMIIAKTUPOBAHUA U CIICKaHUs, CHHXKCHHC
SHEPrOCHWJIOBBIX 3aTpaT B Cllydae IPUMEHEHUS
UMITYJIbCHBIX TEXHOJIOTUH, 3HAYUTEIBHOE
MOBBIIIEHUE Ka4eCTBEHHBIX IIapaMETPOB T'OTOBBIX
W37EIHH, BBIXOJ] Ha PBIHOK
KOHKYPEHTOCIIOCOOHBIX TOBAPOB.

Ho muaroil 3a 3710 sBHsieTCs mHeEpeBOA
TEXHOJIOTUH Ha IpYrol KaueCTBEHHbII ypOBEHb —
CO3JJaHNE TEXHOJIOTUUECKHUX JTMHHUH.

[Tpennaraercs K PacCMOTPEHUIO
Clefyrolasl CXxeMa TEXHOJOTHUECKOW JHMHUU C

HCTIOJIb30BaHUEM IIa3MEHHOTO peaxTopa,
n300pakeHHAsT Ha puc.l [2]. Baxubeim
(hakTOpOM,  CTHUMYJHPOBaBIIMM  pPa3padOTKy
HUKENPUBEIEHHOTO  YCTPOMCTBA,  SIBJSIETCS
W3yYEeHHOCTh IPOIECCOB, TPOUCXOMANINX B
IUTA3MEHHOM  pEakTope,  9TO  II03BOJWIIO

BBIIIOJIHUTh ~ PacyeThl OCHOBHBIX IaPaMETPOB
ycrporictBa [3]. Pacuersl mpoBommimm s
MOpOIlIKa TaHTana, OJHOrO M3  HauboJjee



TYTOIIABKUX METAJIOB. 3aJaBAJINCh Pa3MEPOM YaCTHI] MEHEe
SMKM.

Ha  puc.1 MpeJicTaBieHa  OMNBITHAs cxema
TEXHOJIOTUYECKOW JIMHUU, TIJIA3MEHHBIM PEeakTop KOTOPOH
BBIMIOJIHEH Ha 0Oa3e TPYOKW KBapIIEBOrO CTEKIA THAMETPOM
26MM, TOIIIUHON CTEHKU 1MM u mimHOM 1150MM.
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Puc. 1 - CxemMa TEXHOJOrMYeCKOi JIMHHM ISl
HM3rOTOBJIEHUS n3aeIus METOAO0OM NMOPOLIKOBO
MeTaJLJIyprum

B BepxHel yacTu peakTopa HaXOOUTCA OTOJOBOK, B
KOTOPOM HAaxOIHMTCs OYHKEp C HCCICIyeMBIM IMOPOIIKOM U
J103aTOp, OOBEJMHEHHBIN C YCTPOMCTBOM JearperaTupoBaHus,
KOTOpO€ HEOOXOIUMO B ciydae MPUMEHEHHS B TEXHOJOTHU
YIIBTPAIUCIIEPCHBIX ITOPOIIKOB, CKJIOHHBIX K CO3JAHHIO
arperatoB. V3 mo3aropa 4YacTHIBI HamalOT B PEaKIHOHHYIO
30HY, 00pa3oBaHHyI0 HepaBHOBecHoW BU — mmasmoii. 3mech
JIOJDKHA TIPOUCXOAUTH OYHCTKA ITOBEPXHOCTEH YaCcTHI[ OT
ancopOMpOBaHHBIX  3arps3HeHuil. OYUCTHTh TOJHOCTHIO
MOBEPXHOCTH YACTHI OT 3arps3HEHWH OYeHb TPYIHO,
OCOOGHHO €ClIM Ha  TOBEPXHOCTH YK€  BO3HHKIHI
OHECPIreTUYCCKU yCTOI‘/II'-II/lBI)Ie COCIMHCHMS, HAITPUMEDP, OKUCIIBI.
W3BecTHO, uTO Uil TOOYXJIEHHsST K OTPBIBY AaTOMOB
KHCJIOPOA C OKUCIICHHOW TNOBEPXHOCTH TUTaHa, TPeOyIOTCS
OUYEHb BBICOKHE TEMIIEpaTyphl MEKTPOHOB — OT 22,4 no 33,6
3B [4]. H3BecTHO CTUMYJIUPOBaHHE 3TOTO rpoiiecca
aKTHBAIEd aTOMOB TOHKOTO CJIOSI TOBEPXHOCTH DPa3HBIMHU
cnocobamu. B Hamem cirydae TPHHATO pPemIeHHE IPUMEHUTH
CBU-norne it HarpeBa TOHKOTO CJIOSI TOBEPXHOCTH YaCTHII B
IpoIiecce MPOIBIKEHUS UX IO/ ASUCTBUEM CHITBI TSHKECTH.

JBurasce 1O KaHaNy IUIa3MEHHOTO peakTopa
MOPOIIKK TOJABEPralOTC HMHTCHCHBHOMY IEpEMEIINBAHHIIO
O] AEUCTBUEM CHII TSKECTH H SJIEKTPHUECKOTO BO3AEHCTBUS,
- cormacHo [5], Haubosee 3()P(HEKTUBHBIM W IKOHOMHYHBIM
crnocoboM, - TpU OTOM 3apsHKCHHbIE YacTHIBI  HE
COIIPUKACAlOTCsl, 00pa3ysi MEXYaCTHYHbIE IIPOCTPAHCTBA,
3anoJHEeHHbIe Oy(epHBIM Ta30M, C KOTOPHIM 3arpsi3HEHHS,
OTOpBaHHBIE C TIOBEPXHOCTEH 4YacTHIl, HANpaBISIIOTCS B
CHCTEMY OYHCTKH BaKyyMIIPOBOJIA.

[lepememanHple YaCTHIBI IOPOIIKOB  ITOTIAJAIOT
gepe3 IUTI030BOWM y3€l B HAKOMUTEIbHYIO KaMepy, OTKyna
MONAIOTCI B TPECCOBBIA  y3€I M IOABEPTaroTCs
KOMIAaKTHpPOBaHUIO. [loCKONMBKY pa3pabaTbIBaeTCs HOBBII
TEXHOJIOTHYECKAH TIPOIecC Ha TMEepeIOBBIX JOCTIKEHISIX
HayKHd, TO U KOMIIAKTUPOBAHHUEC MPEAINOJIaracTcda MnpoBOAUTH
MAarumTHO-UMITYJIbCHBIM CHOCO6OM C IoABECACHUEM
UMITYJICHOTO TOKA JUIsl CBApUBAHUS YacTUI] Mexy coboi. B
3aBUCHMOCTH OT YHMCTOTHI ITOBEPXHOCTEH YacCTHI[ MOCIEIHNE
elle B HAaKOIMTENIbHOM KaMepe MOTYT HadaTbh CO3/1aBaThCs
KOHIJIOMEpAaThl, a B MaTpHUIE Yy3/la KOMIIAaKTHPOBaHUS HPH
CKATUHU peann3yroTCs CIBHUTOBEIE nedopmanu,
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JOTIOJTHUTEIEHO CIIOCOOCTBYIOILHE
BO3HUKHOBEHHIO MEeTaJUIMYEeCKUX CBsI3€H.
Ouncrka MIOBEPXHOCTEMH, 00pazyrommx
MEXKYAaCTUYHBIC T'paHUIlbI, OIITUMAJIBHOC
YCpEAHEHHE MO0 00BEMY KOMIIOHEHTOB IIMXThI
npu nepeMelInBaHuH, UCIIOJIb30BaHKE
UMITYJIBCHBIX ~ Je(QOPMHUPYIOIIUX M  TOKOBBIX
BO3JICHCTBUI  CHOCOOCTBYIOT  YMEHBILICHHIO
TONIIMH TPAHUL KOHTAaKTa, 4YTO IO3BOJISET
CHU3UTh  DHEPrOCHJIOBBIE  HapaMeTpel  HpH
KOMIIaKTHPOBAHUH, YCKOPHUTH HPOLIECCHI
muddysun  mpu  cnekaHuu W TOBBICHTH
KAueCTBEHHbIE IIapaMeTpPhl TOTOBBIX H3IEIHH.
Takum 00pa3oM, OTKpHIBACTCS BO3MOXKHOCTB
pa3pabOTKU TEXHOJOTHIA W3TOTOBJICHHS HM3JICITHN
M3 MOPOUIKOB oe3 CMayYuBarOIuX BCIICCTB, B TOM
YHCIIe, HEMETaITHYECKUX u
MHOTOKOMIIOHEHTHBIX, YTO [UIi HACTOSIIEro
YPOBHSI TEXHOJIOTHIl SBIISIETCS BEChbMa CIIOXKHOM
npobnmemoii.  Kpome  Toro, addexTrBHOE
nepeMelIBaHie B BaKyyMe JIaeT BO3MOXKHOCTb
UCIIONB30BaTh B INHMXTaX ITOPOIIKH Pa3IUYHOIO
(pakUMOHHOTO  cOCTaBa, B TOM  YHCIE,
YIABTPAAUCIIEPCHBIX, YTO OOEIaeT yIpaBisieMoe
HOBBIILICHUE KaueCTBEHHBIX  I1apaMeTpoB
U3JIEIUH.

[MpennoxxeHHas B gaHHO# paboTre cxema
MOXKET 6])ITI) HCII0JIb30BaHa B pa3IMYHBIX BUAAX
TEXHOJIOTUIl M MOKPBIBAaeT OOIIMPHBINA KPYT 3a1a4y
MOPOLIKOBOH METaJlTyprui: OT TMOPOIIKOBBIX
JNEKTPOUTHYECKUX ~ KOHICHCATOPOB, C  HX
3aBUCUMOCTBIO  OT  YIEJNBHOH EMKOCTH U
yIeTBHON MIOBEPXHOCTH UCIIONB3YEMbIX
IOPOLIKOB, HO M OT MCXOOHOW YHCTOTEI
HOBEPXHOCTEH IOCIENHHX, IO TBEPAOCIUIABHBIX
U3JeNNH, CIIeKaHHe KOTOPBIX 1O CHX MOp He
peannzoBaHo 0€3 CMauyMBaIOIIMX  BELIECTB,
npu4yemM CBOMCTBa IIOCJICAHUX SABJIAFOTCA
3a4acTyl0 ONPEIENSIONIMMHE B YacTH CTOWKOCTH,
HalpUMep, PESKYIIUX KPOMOK ITPH MEXaHHYECKOit
00paboTKe MaTepuajoB.

YHuBepcalbHbIM Y3JIOM TaHHOH M BCEX

OCTAJBHBIX CXeM SBISIETCS  IUTa3MEHHBIN
peakTop, TIO3BOJIIOLIUHA peanu3oBaTh
UCIIOJIE30BaHKE Pa3IIMYHBIX CIIoco00B

BO3JCHCTBHS HA YacCTHIBI M  SBIISIOIIAMCS
00s13aTeIbHBIM arperaToM Jr000# ammapaTypHOit
TEXHOJIOTHYECKOM CXEMbl, TMOCTPOEHHON st
HU3IrOTOBJICHUA 1/13z[em/1171 C ITIOBBIILICHHBIMHU
KaueCTBEHHBIMU MapaMeTpaMH M UCIOJIB3YIOLIEH
MOPOIIIKH B KAY€CTBE UCXOJHOIO MaTepuana.

B nmowuckax TexHOJIOruii, MO3BOJISIOIINX
MOJy4YaTh KOHKYPEHTOCIIOCOOHBIC M3/ICIHS CO BCE
Ooree BBICOKMMH MapaMeTpamMH KadecTBa U
SKOHOMHUKH, - a COBPEMEHHbBIC NpPEICTABICHUS
MPeIyCMAaTPUBAIOT HCIIONB30BAaHUE B STHX MEIIX
YIBTPagUCIIEpPCHBIE TOPOIIKH, KaK B KadecTBE
OCHOBHOTO, TaK W MOJIIMXTOBOYHOTO MaTepuara,
- TEXHOJIOT — KOHCTPYKTOP O0s3aTEIBHO JOJDKEH
Oyaer oOpaTHTh BHHMAHHE HA TE€ BO3MOXKHOCTH,
KOTOpbI€ OTKpBIBAET TEpe]] HUM HEpPaBHOBECHAS
mia3mMa
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