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IOOEKTUBHOCTb MAI'HUTHOM CEIIAPALIUN
MAKPOYACTHII B BAKYYMHO-AYI'OBbIX
CUCTEMAX HAHECEHUS NOKPBITUI

N3ydeHna BO3MOXXHOCTh TPAHCIIOPTHUPOBKHU 3apsDKEHHBIX Makpodacturl (MY) gepes
MarHMTHBIH (QUIBTP BaKyyMHO-AYTrOBBIX MCTOYHUKOB IUIa3Mbl. [loka3aHo, 4To mpu
JBKeHnn MUY uepe3 KpUBOIMHEWHBIN MarHUTHBIH GuiabTp MU MoryT 3apspkaTbest

KaK IIOJIOXKHMTCIIBHO,

TaK W OTPULATCIBHO.

IIpu ycnoBum CylecTBOBaHUSA

OTPHIATEIFHOTO MPOCTPAHCTBEHHOTO 3apsiaa (paauaabHOrO MIEKTPHYESCKOTO MOJIs) B
TUIa3MOBOJIE MPOHUCXOIUT U3MEHEHHE TPAEKTOPUH 3apsDKEHHBIX MakpoyacTtui. [Ipu

O9TOM B 3aBHCUMOCTH OT I[apaMeTpOB MAKpPOYACTUL W IJIa3MBbl,

BO3MOXXHO HX

ylepkaHHe BHYTpH IuiazMoBoja. IlomydeHsl ycnmoBus, MpH KOTOPBIX IPOUCXOIHUT

TPacIOPTUPOBKA MAaKpPOYACTHUI] Yepe3 (GuiIbTp.

KiroueBble ciioBa: Makpo4acTulbl, IJIa3Ma, MarHUTHBIA (I)I/IJ'ILTp.

BBenenne

BakyymHO-1yroBoi paspsa  sBisSeTCA
3P PEKTUBHBIM HCTOYHUKOM IJ1a3MBl,
UMEIOLIUM I[IUPOKUM CHEKTP HaydyHOIro H
TeXHOJIOTH4eckoro npuMmenenus [1-2]. Oxno
u3 BaXHEHIINX TE€XHOJIOTMYECKHUX
NIPUMEHEHUH  BAaKyyMHO-AYTOBOW  IIJIa3MBI
CBSI3aHO C €€ MCIIOJIb30BaHUEM JUIs MOHHO-
IJIa3MEHHOTO OCAKICHUS MTOKPBITHH,
YIIyYIIAIOUUX 3KCIUTyaTallUOHHBIE CBOMCTBA
m3nenui. IIpy ropeHun BakyymMHOW Iyru
OCHOBHBIM HCTOYHUKOM IIJIa3Mbl SBJISIOTCS
KaTO/JHbIE ISITHA, OJTHAaKO npu
(GYHKIIMOHUPOBAHUU KATOJHOTO MSTHA APO3US
MIOBEPXHOCTU KaToZa MPUBOAUT K T'€HEpalUu
HE TOJIBKO MOHHBIX TIOTOKOB, HO U
MakpouyacTHl] Marepuana karoja. Jlond
KarneabHOW (Gpakiuu B o0IIeH 3po3un KaToaa
COCTaBJISIET 3HAYUTENIBHYIO 4acTb, SIBISISICH, C
TOYKH 3PEHUS XapaKTePUCTHK HCTOYHHKA
TUUIa3Mbl, HETaTUBHBIM (aKTOPOM. DTO CBSI3aHO
C TEeM, 4YTO OCeNalollie Ha TIOBEPXHOCTU
U3JIEIMA  Kallld  yXYAIIAIOT PsSJ  BaXHBIX
XapaKTePUCTHK MOBEPXHOCTHOTO CJIOS, TAaKUX

Kak LIEPOXOBATOCTH u IIOPUCTOCTh
IIOBEPXHOCTH, aaresuss  MOKPBITHUA K
IIOBEPXHOCTH, KOPPO3HUOHHBIE U  IpYyrue

CBOMCTBA TOBEPXHOCTH.
Ha npaktuke OOJBIIMHCTBO CIIOCOOOB
CHIDKCHHUS I[IOTOKAa Kamenb Ha H3/Aenus
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OCHOBaHO Ha  pa3JeleHUH  TPACKTOPUiA
MOHHOTO M KamnejabHOro mnoTokoB. [lpexie
BCEro, HCIOIb3yeTcsa TOT (akT, 4To (B cHUIy
pa3IUYHOM IPUPOIBI HOPMUPOBAHUS HOHHOTO
U KamelbHOro TOTOKOB) OCHOBHasi Macca
Kamenb JBMXKETCS 110 MalbiM yrioMm (25-30)
K TIOBEPXHOCTH KaToJla, TOT/la KaK OCHOBHOM
WOHHBIA TIOTOK JIBMKETCS HOPMAJIBHO K ITOU
nosepxHoctu [3]. bonee »ddexTuBHBIMU
SIBJISIIOTCS. Pa3fuYHbIe (DUIBTPBI, B KOTOPBIX
VMOHHBIA TOTOK OTKJIOHSIETCSI OT KareJlbHOI'O
IMOTOKA C TOMOINBI0 MAarHUTHBIX Tonei [4].
Opnako ueM BblIle TpeOyeTcsi CTENeHb
OYHUCTKHM HOHHOTO TOTOKa OT Karelb, TeM
0ojiee CIIOKHOM W JOpPOTOM OKa3bIBaeTcs
KOHCTPYKIIUS (PHIIbTpa, U TeM 3HAYUTEIbHEE
CTAaHOBSITCA MOTEPU HOHHOM COCTaBISIOIIEH
(buUIBTPYEMOro NoToKa.

Bmecte ¢ Tem »KcnepUMEHTANIbHbBIE
JAHHBIE  CBHJICTENILCTBYIOT O TOM, 4YTO
HeOombImas vactb MY  mpoxoauT uepes
buneTp. Onaum u3 MEXaHU3MOB
TpaHcnopTupoBkn MY uepe3  QuiabTp
SABJISICTCSI WM3MEHEHHE WX TPAeKTOpUH B
pe3yabTaTe yOpyrux CTOJKHOBEHHUHU €O
crenkamu GuibTpa [4]. B HacTosmei padbote
MA3y4aeTCsl BO3MOYKHOCTH NpOXOoxaeHuss MU
Yepe3 MarHUTHBIA (UIBTP B PE3YJIbTATE UX
yAEpKaHUSA JIEKTPUUYECKUM TOJIEM BHYTPH
¢dunbTpa.
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3apsaag MU B BaKyyMHO-1YTOBbIX
HCTOYHHUKAX IJIa3MbI

HU3BectHo, uyro MU B miasme
3apsKaeTCs B PE3yNbTaTe MOTJIOMICHHS YaCTHI]
IJIa3Mbl, a TAKXKE PA3JIUYHBIX BUIOB IMUCCHI
3eKTpOoHOB ¢ moBepxHocty MY [5]. [Ipu aTom
3apax MU Bappupyercs B IIMPOKUX MpeaeIax
B 3aBHUCHUMOCTH OT SHEPIUU U COOTHOILIECHUS
IUIOTHOCTEA YacTUL B IUIa3ME€ M MOXKET
IIPUHUMATh KakK OTpULATEIbHBIE, TaK H
MOJIOKUTEIbHBIE 3HaueHus [6]. Benuuuna
3apsAla M €ro 3HaK ONPENENSIOT XapakTep
B3auMozAeucTBusA MY € 3JIEKTpHUUYECKUM 10JIEM
U KaK CIEJCTBUE OIPENEISIOT TPACKTOPUIO
MUY B ¢unbtpe. 3apsg MY ompenensiercs
O6anmancoMm TokoB Ha MU. Brruncrienue TOkoB
n3 MiasMbl Ha MY B MarHuTHOM TOJIE
SBJISIETCSl  JIOCTaTOYHO CJIOKHOM  3ajayei,
OJJHAKO B  psAl€  CIYy4aeB  YCIIEIIHO
UCIONIB3YIOTCS pa3MUYHbIE MPUOIMKEHHbBIE
MoJienu. B yacTHOCTH, €Clii MarHUTHOE T0JIe
HEJIOCTAaTOYHO BEJIMKO, TAKOE, YTO

(1)

r,>>1, >>a,

raer, — JapMOPOBCKUI 3JIEKTPOHHBIN paanyc
A, — aauHa [leGad, a — paguyc MY, 1o B
0ECCTOJIKHOBUTEIBHON IUIa3Me HCIIOJIb3YIOT
monennb OML, paspaboranHyto JleHrmroopom
JUIsL HAXOXKIEHUS HMOHHOTO U D3JIEKTPOHHOIO
ToKa Ha cepuueckuii 3017 [7]. B HacTosmeH
paboTe paccmaTrpuBaeTcs IJIa3Ma, CO3/laHHas
IOYTOBBIM DPa3psilOM HU3KOIO [JaBIEHUSA C
IUIOTHOCTBIO n, =10" —10%cm™, TeMnepaTypoi
JNEKTPOHOB T, =1eV . MoOHHasg KOMIIOHEHTa
MeeT HaIlpaBJICHHYIO CKOPOCTb, C
pacupeiesieHueM  HOHOB 110 DHEPIUsM,
OJMM3KUM K MAaKCBEJUIOBCKOMY, CO CpeaHei
JHEPIUeU HAIPaBICHHOIO [BHUYKEHHUS HOHOB
25-50 5B [4]. MarauTtHOe mone B (puibTpe
COCTaBIIIET B =1007aycc . IIpu  sTHX
rapameTpax, XapakTEepHbIX JUIsl BaKyyMHO-
IYTOBBIX cucTeM, ycioBue (1) BelmonHsAeTCS U
ucrnoip3oBanue Moxenn OML  gBngercsa
KOPPEKTHBIM.
TOKM 37IEKTPOHOB M NOHOB U3 TUIA3MBbI Ha
noBepxHocTs MY umeror BUL:
I, =~/8za’en,v,, exp(eq, /T.),

(2)
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T (3)

z
I, =zn, <Z > v, za? (1—<—>e¢’a] ,

rae n, — IUIOTHOCTh IUIa3Mbl, T,

TEMIIepaTyphbl JIEKTPOHOB U HMOHOB IUIA3MBI,
Vieq :m UX TEIUIOBBIE CKOPOCTH,
<Z>=10+2 a,+3-a, — CPEAHUI 3aps] UOHA,
QU Oy OTHOCUTEJIbHAS KOHLIEHTpaLus
MOHOB C 3apsaoM Z=1,2,3 COOTBETCTBCHHO,

¢, — IOTEHIMAJI Ha IToBepxHocTu MY.

IIpy BakyyMHO-IyroBOM HaHECEHUH
MOKPBITHH MIPOUCXOUT OCaXKICHHE
MaTepHaia Ha MoJI0KKY (KM3/1eue, 1eTajb) U3
IUTa3MEHHOTO MOTOKa, TeHepUPYEMOTO
CTAallMOHApHOW  BakyyMHOW  ayrou. Jlns
(OKYyCHUpPOBKM  IUIa3MEHHOTO  TOTOKa Ha
HOJUIOKKY [0J1aeTCs OTpULIATENbHBIN

noTeHuuran U, , 4TO OPUBOAUT K YCKOPEHUIO

sub 2

MOHOB JI0 3Hepruii ¢" =U_, . B3aumoneiicreue
MOHHOI KOMITOHEHTHI IIJIa3MEHHOT'O MOTOKA C
MIOJUIOKKON TPHBOJUT K TEHEPAlMH IMOTOKA
BTOPUYHBIX JIEKTPOHOB, INIOTHOCTH KOTOPOTO
ormpenensercss KOdPPUIMEHTOM BTOPUYHON
MOH-3JICKTPOHHOM 3MUCCUU. YUUTBIBas, 4TO B
TUTA3MEHHOM TIOTOKE MPHUCYTCTBYIOT HOHBI C
pa3InIHON CTETIEHbIO MOHU3aIUH,
1enecoo0pa3Ho BBECTHU yCpEAHEHHBII
K03(pPULIMEHT BTOPUYHOM HOH-3JIEKTPOHHOMN
YMUCCHH:

(4)

i-e _ i-e i-e i-e
55 _a1'5sl +a2'552 +a3'553

i-e
rre %% K03(ppULIMEHT BTOPUYHOM HOH-
JIEKTPOHHOW AMMCCUH JUIsI HOHOB C 3apsIOM
Z. DHeprus BTOPUYHBIX D3JEKTPOHOB &’

e

OINpEAEIAETCS BEIMYMHON OTPHULATEIBLHOTO
MOTEHIIMAJa Ha MOMJIOXKKe U, M HMeeT
HE3HAUUTENbHBIA  pa3dpoc, COOTBETCTBYIO-
LU SHEPreTH4eCKOMY CIEKTPY BTOPUYHBIX
ANEKTpOHOB. I[IOTHOCTE MOTOKA BTOPUYHBIX
JJIEKTPOHOB CBSI3aHA C IUIOTHOCTHIO HOHHOTO
TOKA j; Ha IOJUIOKKE COOTHOLIEHHEM:

Jeb = 5;_e Ji .

Tox BTOPUYHO
3JIEKTPOHOB Ha MOBEPXHOCTH
onpexaensierca uz3 OML monenu:

SMUCCUOHHBIX
MY
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12 = jPra? (1+eﬁ}. (5)
Ti

BaxxupiM mporieccoMm, BIMSIONIMM Ha
BEeIMYMHY 3apsima MUY, sBisercs SMUCCHS
AJNIEKTPOHOB C €€ MOBEPXHOCTU. MOKHO
BBIICTIUTH CJICYIONINE OCHOBHBIC MEXaHU3MBbI
OMHUCCHUHM  JJIEKTPOHOB:  HMOH-3JIEKTPOHHAs
OMHCCHUS, DIIEKTPOH-JICKTPOHHAS SMHUCCHSA,
TEPMOIJICKTPOHHAs dMHCCUS. 3HAYCHHE TOKa
MOH-DJIEKTPOHHON SMHCCHH C TMOBEPXHOCTHU
MUY onpenensieTcs: BbIpa)KCHUEM:
1 =5, . (6)

YuureiBas (3) u (6), ana ymobctBa

OyzeM cuMTaTh, YTO Ha TOBepxHOCTh MY
TeueT 3 (HEKTUBHBIN TOK:

ff 1=
Iie = Ii + |; ) (7)
Bepaxkenne i TOKa  BTOPUYHOM
3JIEKTPOH-JIEKTPOHHOM ~ 3MHUCCHM  HMEET

aHaJIOTMYHBIN BU:
I =10,

rjae 6. ° - Koo PUIMeHT BTOPUIHON DJIEKTPOH-
3NeKTpoHHOW swmuccud. [lo anamorum c
MOHHBIM TOKOM BBeZeM dS()(PEeKTUBHBIA TOK
AJIEKTPOHOB:
ff | b —
Iee :Iep_'_le_I:e (8)
[InaBarommii MOTEHIINA MU
OMpENENsAeTC U3 YCIOBUS PaBEHCTBA TOKOB
(7), (8) Ha ee MOBEPXHOCTH:
15" (2.)+ 1" (,)=0. (9)
3apsin MU cBsizaH ¢ ee MOTEHLHAIOM
COOTHOILIEHUEM
Qmp = a'¢a '
Ha puc. 1 mnpencraBieHo dYHCIIEHHOE
pemenue ypasHeHus (9).
N3 pemienus ypaBHEHHS CIEIYET, UTO
3apsi MOXKET OBITh KaK MOJIOKHUTENbHBIM, TaK
U OTpULATEIBHBIM. 3apsi IMOJOXKUTEIEH B

WHTEpBaJIc  DHEPTHI g >&>¢, THC

30

KOA(PPUIHEHT BTOPUYHOU JJIEKTPOH-
JNEKTPOHHOUW 3MHMCCHH  &;°  IIPEBBIIIAET
eaMHUIy. MakcuMalbHOE 3HAYeHHUe 3apsijaa
MY B wuHTepBajle DSHEpPruil & >& >,
olnpezeisercs SHEprueu BTOPHUYHBIX
JJIEKTPOHOB.

20

Potential of the MP ((pa.Vj
o
Charge of the MP (Qmp,105e)

10 100 £, 1000 &,
Energy of the electron flow (eeﬂ, eV)

Puc.1. 3aBucumocTh moTeHIMaNa TUTaHOBOM MY
OT 9HEPruu 3JIEKTPOHHOrO MoToKa (n, =10%cm™,

T,=3eV ,&’ =25eV )

JABu:kenne MY B KprBOJIMHEHHOM
¢puabTpe

Kak  moOKa3bIBalOT  HKCHEPUMEHTHI,
pacripenesieHe MoTeHuuana ¢o(r) B GUIbTpe
nMeeT mnapabonuyecKkuil BUJA, paguaIbHOE
najieHue MOTEHLMaa COCTaBJIsI€T
Ap~20-40B [7], Tunuunbie pasmepsl MY,
0o0pa30BaHHBIX Ha KaToAe, MPUHUMAIOT
3HA4YCHUs B MHTECpBaJIC 0,005mkm <r <20mkm™m , 4
MX CKOPOCTH COCTaBISIFOT 1<V <30./cex [3].
Takum o6pazom, MY
HCTOYHUKE  IUIa3Mbl  C
KUHETHYECKON  DHEprueu
SHEPTUsi CTPEMHTCS K HYJIIO)

TEHEpUPYIOTCA B
MAaKCUMaJIbHON
(MUHMMaNbHAS

O<E,,<E

kinmax »

2

Mmpvmax 3
rae E = — =4.8*10"58.

kin max

KynonoBckas cuia, cBsi3aHHas ¢ paguaibHbIM
BJIEKTPUYECKUM TI0JIEM, BO3JICUCTBYIOMIAS Ha
MUY, onpenensieTcsi BIpaKEHUEM:

F.-Q,E=—Q, %o(r) (10)
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Hns ynepxkanus MUY B oObeme ¢QuibTpa
KYJIOHOBCKast cuiia Fe JOJI)KHA
KOMIICHCUPOBaTh LEHTPOOCIKHYI0 cuily Fg,
BO3HUKAIOIIYK0 TP JBHXKEHUM YaCTULIbI
BJI0JIb IIPOAOJIBHOM Ocu (PUIIBTpa € paanycoM
KpuBH3HBI R:

(11)

Takum oOpasom, u3 (11) wmakcumanbHas
KHHEeTHYecKas sHeprus MY, xoTopsie MOryT

YAEPKUBATHCS B o0beme ¢buibTpa,
OIIPEIENIAETCS BBIPAKECHUEM:
M, v° 1
Ekinmax = 2 = EQmp ER. (12)

HCHOJ’IBSY?I OKCIICPUMCHTAJIBHBIC PE3YJIbTAaThL

pabotel [7], pacmpeneneHue MOTEHIMANA
o(r) MOYKHO anIpOKCUMHUPOBATH
BBIPAKCHHEM

Q= Ar?,

rae A= 3.2B/cM? E = 6,5 B/em?.

3axBar MY B paauagbHOM 3JIEKTPUYECKOM
oJie ¢unbTpa BO3MOYKEH, Korzaa
KMHETUYECKass DJHEpPrus KAl  MEHbLIE
AJIEKTPUUYECKOTO MOTEHIMAIBHOrO Oapbepa B
paauanbHOM HamnpasieHuu. ClieoBaTeabHO,

. M,V
YacTUIBl C OJHEpruei E<E, = — OoynyT

ynepxkuBatrbes, MU ¢ GONbIIMME SHEPTUSIMHU
OyAyT oOcaxkgaTbCsli Ha CTEHKax QUIbTpa.

Takum o00pa3oM, CcpaBHUBasi pe3yJIbTAThI
BBIUMCIICHUH, BBIOJIHEHHBIX B pabore, a
TaKK€  pe3yibTaThl  AKCHEPUMEHTAIbHBIX
HaOmoAeHu# [1] BUAHO, YTO B IUIA3MEHHOM
IIOTOKE CTalMOHAapHOW BAaKyyMHOHW IyIH
MPUCYTCTBYIOT MU, KOTOpBIE MOTYT MPOWUTH
4yepe3 MAarHUTHBIA QWIBTP W BIUATH Ha
KayecTBO HAaHECEHUS MOKPBHITHI B BaKyyMHO-
JIYTOBBIX  IUJIA3MEHHBIX  TEXHOJIOTHYECKUX
CUCTEMaXx.
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KPUBOJIMHEHHOM ILJIa3MOBOJIE, SIBISIOTCA
[EHTpOoOeKHasl CHJIa U B3aUMOJICHCTBUE
MU ¢ pagvanbHbIM  3JIEKTPUUYECKUM
MIOJIEM.

3. VYcraHoBI€Ha BO3MOXHOCTH  3axBaTa
MOJIOKUTENBHO — 3apsbkeHHbIX MY B
o0Bbeme JIA3MOBOJIOB MarHUTHBIX
GUIBTPOB OTPULIATEIHHBIM OOBEMHBIM
3apsanoM. OmpeneneHsl  yCJIOBHS |
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THE EFFICIENCY OF THE MAGNETIC SEPARATION
MACROPARTICLES VACUUM-ARC COATING
SYSTEMS

The possibility of transportation of the MP through a magnetic separator due to their
capture by the electric field generated by the negative space charge. It is shown that
under the condition of existence of space charge in the plasma duct interact positively
charged particulates and negative space charge, resulting in a possible retention of
particulate inside duct. We obtain the conditions under which transportation of the
macroparticles through the magnetic separator occurs.

Keywords: macroparticles, plasma, magnetic separator occurs.
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E®EKTUBHICTb MATHITHOI CETAPAILUI
MAKPOUYUACTHUHOK Y BAKYYMHO-AYI'OBUX
CUCTEMAX HAHECEHHS ITOKPUTTIB

BuBueHa MOXIMBICTH TPAaHCIIOPTYBaHHSA MakpodyacTHHOK (MY) uepe3 MarHiTHUHA
(¢uTBTp BaKyyMHO-AYTOBHX JUKepen IutasMu. [lokaszano, mo mpu pyci MU uepes
KPUBOJIHIHHUI MarfiTHUH QireTp MY MOXYTh 3apspKaTHCS SK MO3UTHBHO, TaK i
HeraTHUBHO. [Ipy yMOBI ICHYBaHHS BiJ €MHOTO MPOCTOPOBOTO 3apsay (pamialbHOrO
EJIEKTPUYHOTO TI0JIs) B IUIa3MOBO/II BiiOyBaroThCs 3MiHM Tpaektopii pyxy MY. Ilpu
bOMY B 3aJIe)KHOCTI Bia mapamerpiB MU Ta mua3Mu MOXIMBE 1X yTpUMaHHS
BCepeuHi I1a3MoBoy. OnepxaHi yMOBH, IPH SKHX BiI0OYBAa€THCS TPAHCIIOPTYBAHHS
MaKpOYaCcTHHOK uepe3 QiibTp.

Ki1r040Bi cj10Ba: Makpo9acTHHKY, IJIa3Ma, MarHITHANA QiIbTp.
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