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Mccnepgyetcsa BnusiHne npoueccoB auddysmn GpOYHOBCKMX MarHWUTHbIX Ya-
CTWL, B MarHWTHOW >XMOKOCTW Ha CWMbl, AEWCTBYIOWME B OObEeMe XUAKOCTU BO
BHELLHEM HEeOAHOPOAHOM MarHMTHOM norne. [NokasaHo, 4To B pe3ynbTaTe npouec-
COB MacconepeHoca, NPMBOAALLMX K NepepacnpeieneHunio KOHLEeHTpaLuum Yactuu,
cTatuyeckoe pacnpegerieHve AaBneHus B XMOKOCTU MOXeT npeTeprnesBaTb 3Ha-
YynTernbHblE N3MEHEHWSA CO BPEMEHEM U U3MEHSTb YCIOBUS €€ PaBHOBECUS.

KntoueBble cnoBa: marHuTodopes, AMddy3ns, MarHUTHas XUAKoCTb.
Mn. 3. Tabn. 1. bubnuorp.: 6 Ha3B.

The paper investigates an influence of diffusion processes of Brown magnetic
particles in magnetic liquid on the forces that operate in the volume of liquid be-
ing in an external non-uniform magnetic field. It has been shown that due to pro-
cesses of mass transfer leading to redistribution of particles’ concentration static
distribution of pressure in the liquid can undergo considerable changes in the
course of time and change conditions of its balance.

Keywords: magnetophoresis, diffusion, magnetic liquid.
Fig. 3. Tab. 1. Ref.: 6 titles.

BBenenne. MaruuTHasi JKUIKOCTh NPEJICTABISIET cOO0M KOJUIOWJ TBEPAOTO
(eppomMarseTuka, 1 B HEOMHOPOAHBIX MarHUTHBIX MOJISIX B HEH MOTYT IIPOUCXO-
IUTH TIPOIIecCHl MarHuTOodopesa n 6poyHoBckoi nuddysum [1-3]. Oarako Biu-
SIHUE ITHUX MPOIECCOB HA CTATUKY MArHUTHBIX JKUIKOCTEH JIO CUX TOp MpPaKTH-
YECKU HE U3y4eHo [4].

Hannas npo0ieMa uMeeT 0co0yI0 aKTyalbHOCTh M3-3a HIMPOKOTO MpUMEHe-
HUSI MATHUTHBIX JKUAKOCTEH B TEXHUYECKUX yCTPOMCTBaX, TAKUX KaK MarHUTO-
XKHUIKOCTHBIC YIUIOTHEHHS, OHOPbI U IIOABECHI, BBICOKOTOUHBIE CEHCOPHBIE
ycTporicta U T. 1. [2, 5]. OCHOBHO# 3a7adeli MarHUTHBIX CHCTEM DTHUX MarHu-
TOKUJIKOCTHBIX YCTPOWCTB SIBIISIETCSl CO3JJaHWE MAarHUTHOTO TOJIs, o0ecIieunBa-
IOLIET0 KaK MOXKHO OOJIBIYI0 MarHUTHYIO CHITy, YAEPKHBAIOLIYI0 0ObeM Mar-
HUTHOM >KUAKOCTH B 3a3ope. Ho mox neiicTBueM MarHUTHOTO HOJS B oObeMe
MarHUTHOM >KHIKOCTH aKTHBHO MPOMCXOIST MPOLECCH MaccolepeHoca, puBo-
JSIIUE K TIepepaclpeieieHHI0 KOHIICHTPAIUM YacTUI], CTaTHYECKOTO pacrpe-
JeTICHNs] JaBIICHUS B JKUAKOCTH, KOTOPBIE MOTYT MpETEpreBaTh 3HAYUTEIbHBIC
HW3MEHEHUS CO BPEMEHEM U U3MEHATH YCIIOBHS €€ PAaBHOBECHSI.

[Ipy HenMHEHHOM paclpeleeHUH HAIPSHKEHHOCTH MAarHUTHOTO IO B
KHUIKOCTH MarHUTHBIC YaCTUIIBI KOHIEHTPUPYIOTCS B T€X O0JIACTSIX, Te Hamps-
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KEHHOCTh MarHuTHOTO MoJisi H Goubiie. COOTBETCTBEHHO B 3THX 00JACTAX YBe-
JIMYMBACTCS HAMATHUYCHHOCTh YXUIKOCTH, U TPaIUCHTHl HAINPSDKCHHOCTU Mar-
HUTHOTO TIOJII UMEIOT HauOONblINe 3HAYCHUS. A TIOCKOJIBKY MarHHTHas CHJa,
JeHCTBYIOIIAas HAa 00beM MAarHUTHOW JKUAKOCTH, OMPEACISICTCS] MPOU3BEACHUEM
HAMAarHMYEHHOCTH Ha TPAaJUEHT MOJs, JOJDKEH HaOIIonaThcs €€ HEIMHEHHBIN
poct co BpeMeHeM {.

[Ipu 5TOM BO3HHKAET cieyrouas CUTyamus, korna opoyHoBckas auddysus
OKa3bIBAa€T BIUSHUE HA «MAarHUTHBIN BEC» MAarHUTHOW JKUAKOCTH — CHJIA, TIPUTSI-
THBAIONIass 00bEM MAarHUTHOMN JKUAKOCTH K TIOJII0OCAM BHEUTHEr0 UCTOYHUKA Mar-
HUTHOTO T0JIs1 («MArHUTHBIA BEC)» JKUAKOCTH YBEJINYHBACTCS BCIEICTBHE KOH-
LIEHTPAIUH YaCTHIl Ha OoJiee OJM3KUX K IMOJFOCAM PACCTOSIHUSX ).

BnusiHne HepaBHOMEpPHOTO pachpeiecHUs] KOHICHTpAllud 4acTHIl B Mar-
HUTHOMW XKHJIKOCTH C HAMarHWYeHHOCThI0 M M 00BbEMHOW KOHIIEHTpaIuei mar-
HATHBIX "Yactull C paccMaTpuBaeTcs Ha IpuMepe CHibl F, meicTByromel Ha
00beM KHUIKOCTH V B HEOJHOPOAHOM MAarHHTHOM IIOJIE C TPAJMEHTOM Harpsi-
xenHoctd VH. JlaHHYI0 00bEMHYIO CHITy MOXHO Ha3BaTh «MAarHUTHBIM BECOM)
KHUJIKOCTH, U OHA OTPEICISCTCSI BEIpAKECHHEM

F = [1,MVHaV,
\%

rJe o — MarHuTHas MPOHUIIAEMOCTh BakyyMa; M — HaMarHM4E€HHOCTh KHJIKO-
CTH MOXHO ompenenuTs kak M = M;CA, tne A — pynxmus Jlamkesena u Mg —
HAMarHWYCHHOCTh HACHIIICHUS JKUIKOCTH, KOTOpas MOXXET OBbITh BBIpa)KEHA
4yepe3 CPEHIO OOBEMHYIO KOHICHTPAIMIO YaCTHII C ¥ HAMarHUYEHHOCTDH
HACBIMICHNS MaTepHala MarHUTHBIX dacTurl Mg My = CMy; C=C’/C — otHo-
CUTENIbHAS KOHIICHTPAIUS YaCTHII.

Knaccuueckast Teopusi OpoyHOBCKOW TU(QYy3UH YaCTHI[ B TOJE MaCCOBOU

cuibl [1] mpuBOAMT K cieqyromyM Oe3pa3MepHbIM YPaBHEHHAM AJIsl KOHIICH-
Tpanuu C MarHUTHBIX YaCTHUI] B XKHJIKOCTH [6]

aa—f:AC—u A(VCVH +CAH)+CVAVH , A(H)= cth(UH)—1/(UH) .

bespasmepnsiii mapamerp U =u,m H,/KT mnpeacrasiaser coboif oTHoIIe-
HHE MOTCHIHAIBHOW SHEPTUH YACTHIIBI C MATHUTHBIM MOMEHTOM My, B MarHWT-
oM mioste Hy x ee Termosoii sueprum KT.

JIyist OTHOMEPHOTO CITydasi 3TO YpaBHEHHE TaeT CIIEAyIOIlee yCTaHOBUBIIIE-
ecst pachpeie/IiCHHEe KOHIICHTPAI[UH YaCTHIL B CIIOC YKUKOCTH:

Cc

_sh(UH) j-sh(UH)dZ B

1
. . , !Cdz:l

0

W3 ananu3a BeIpa)kKeHUS U1 «MarHUTHOTO BECa» CIEAYET, UTO CHJIa 3aBUCHUT
OT pacopelieeHs] KOHIIEHTPAUU YaCTHIL JUIsl )KUJIKOCTH, HE HaxOJIsILICHCs B
COCTOSIHUU HACBIIECHUS, & TAK)K€ IIPU HEJIMHEHHOM pacCHpeAc/ICHUN HaIPsKEH-
HOCTH MarHUTHOTO MOJISI.

Teopernyeckne OIEHKH MOKA3bIBAIOT, YTO U3MEHEHHE «MarHUTHOTO Beca»
ompeznensiercs BennunHor nmapamerpa U. C poctom U «MarHUTHBIHA Bec» KuA-
KOCTH MOKET YBEIIMYUTECSI B HECKOJIBKO Pa3s.
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JKcNnepUMeHTa/IbHbIe HcciefoBanusa. Cxema 3KCIEpUMEHTAIBHON ycTa-
HOBKH IIpuBeaeHa Ha puc. 1. KroBeTa ¢ MarHUTHOM XuAKOCTBIO 1 pa3MeleHa Ha
HEMarHUTHOHN omope 2, YCTaHOBJICHHOW Ha 3JeKTpOHHBIX Becax 6 (OHAUS
Adventurer AR2140) 6. [lox xroBeToii Ha HEMarHUTHOH omope 4 yCTaHOBJICH
HMCTOYHUK HEOJHOPOJHOIO0 MAarHUTHOTO Moy 3 B BUJAE CHUCTEMBI HabOpOB
MOCTOSTHHBIX (heppuT OapHeBBIX MAarHUTOB. PerucTpamnuio u3MeHeHns «MarHuT-
HOTO BE€Ca» MAarHUTHOW >KUAKOCTH MPOHM3BOIMIN TNEPCOHAJIBHBIM KOMIIBIOTE-
pOM 5, MOAKIIIOUEHHBIM K 2JIEKTPOHHBIM B€caM, BO BPEMEHHOM HHTEpBale JIJIH-
TEJIBHOCTBIO 110 9 4.

Puc. 1. Cxema dSKCTIEpUMEHTANBHON YCTaHOBKH

B uccienoBaHuu UCHONIb30BaId MAarHUTHBIE JKUAKOCTH C Pa3IMyHON Hamar-
HUYCHHOCTBIO HACBINIEHNS Ha OCHOBE KEPOCHMHA M TPaHC(HOPMATOPHOrO Macia,
n3rotoriieHHble B HWJI «Tepmomexannka MarHMTHBIX Xujkocrtei» BHTY.
OcHOBHBIC UX (U3HUECKHE CBOHCTBA IPUBEACHBI B Ta0I. 1.

Tabnuya 1
CaoiicTBa 00pa3110B MATHUTHOM SKHIAKOCTH
KuakocTb-HOCUTENb — KEPOCUH
HaumeHoBaHue

MK-28 MK-44 MK-72
HamarunueHHOCTE HACBIIEHHS, KA/M 28,3 43,8 72,5
MarnuTtHasi KOHIEHTpaIKs 9acTuL, % 5,9 9,1 15,1
JlnameTp 4acTul 110 Ha4aJIbHOMY y4acTKy, HM 8,0 8,4 9,0
JlameTp 4acTHIl 0 KOHEYHOMY yYacTKy, HM 12,0 12,0 13,0
TInoTHOCTS P, Kr/M® 1158,0 1305,0 1650,0
KoaddumuenT szkoctu 1, [1a-c 0,0025 0,0066 0,0099

MarnutHas ¢asza o0pas3LoB XKHUIKOCTH — YACTHULBl MarHeTUTa CO CPEAHUM
MATHHTHBIM MOMEHTOM My = 2,5 - 10™° J[/T. OueHka pasMepoB MarHHTHBIX
YacTHI[ BBITOJIHEHA Ha OCHOBE aHalM3a KPWBBIX HAMarHWYWBaHUS 00pa3-
L0OB MarHUTHBIX JKUAKOCTeH. MaKcUMalbHBIN TUaMETP 4acTHIl ONPENeIsiIn 110
HAyalbHOMY YYacTKy KpWUBOW HaMarHMYMBAaHUS, & MUHUMAJbHBIA — MO KO-
HEYHOMY.

MarHuTHy0 KHAKOCTb OMEIIANH B CTEKIITHHYIO HMJIMHIPUIECKYIO KIOBETY
BHYTPEHHHUM AMaMeTpoM 32 MM, BBICOTA €€ cios JocTurana 15 Mmm. MaruuTHas
cucTeMa IpeJCTaBiIsAIa co00d HabOp M3 MOCTOSHHBIX MPSMOYTOIBHBIX (pepput
0apHeBbIX MarHUTOB, UMEIOIINX CPEIHIOI MHIYKIMIO Ha MOBEPXHOCTH KaXKI0-
ro u3 Hux B = 26,5 MT. MakcumanbsHas HanpsHKEHHOCTh MArHUTHOTO TOJISl Mar-
HATHOM CHCTEMBl W3 4YeTHIpeX MAarHWTOB oOKa3ajgach paBHOUW 61,2 KA/M,
a MaKCUMaJIbHBIM rpaauent nons — 12255 KA/M.
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Taxum o0Opa3om, 3a cyeT BhIOOpA YHCIIA MarHUTOB OT OJHOTO IO YeThIpEX
0Ka3aJI0Ch BO3MOXHBIM BapbUpOBaTh Oe3pa3MepHblil kpurepuii U B o0nactu j1Ha
kroBeThl 0T 1,31 o 3,90. Ipu napamerpe B obmactu qua U = 3,900 ero Benuyu-
Ha B 00JIACTH MOBEPXHOCTHOTO CJI0st MarHUTHOH xxuaxoctu U = 0,504.

W3meHeHne BO BpeMEHH «MAarHUTHOTO BeCay MarHuTHOM kunkoctu MK-44
Mmoka3aHo Ha puc. 2. Hanbosee 3aMeTHO 3TO M3MEHEHHE IPOUCXOAUT B Hadab-
HBIIi MOMEHT BpPEMEHH, a Jlajee BeC KUAKOCTH BBIXOJUT HA CTAllMOHAPHOE 3Ha-
YCHHE.

B HEOJHOPOTHOM «MarHUTHOM II0JIE» MarHUTOB HA PACIOJI0KEHHYIO CBEPXY
MarHUTHYIO JKUAKOCTh JCWCTBYET HaNpaBlIeHHAas BHU3 OObEMHAas MarHUTHAs
cwia. Ee HampaBiieHUe COBNAJAET C HAMPABICHUEM CHIIbI TSHXKECTH, U TIOITOMY
€¢ MOYKHO Ha3BaTh «MarHUTHBIM BECOMY.

[TockonpKy MoOJIe HEOTHOPOTHO, M €0 TPAJAUEHT HANPaBIeH BHU3, TO B 00h-
€ME JKUJKOCTU MPOUCXOJUT NEPEKOHIICHTPAIMS MAarHUTHBIX YaCTHUI], B PE3yJib-
TaTe 4ero WX KOHIICHTPAIHsI B 00IaCcTH JHA KIOBETH YBEIMUUBaeTCs. B 310l xe
o0actu 00beMa KHUIKOCTH HAIMPSHKEHHOCTh MAarHUTHOTO TOJISL M €T0 TPaJHeHT
MaKCHUMAJIbHBI, YTO TPUBOJIUT K YBEIUYCHUIO MAarHUTHOTO Beca.

Puc. 2 cBunerenbCcTByeT, 9TO MHTEHCHUBHOCTh BIMSHUA AW (Y3MOHHBIX TPO-
LIECCOB ¥ OPOYHOBCKOTO JBHMIKEHUS YACTHI] B MATHUTHOMN KHUIKOCTU OTPEIEINSETCS
Oe3pazmepHbM napamerpoM U. Bimsaue auddy3noHHOr0 mporecca Ha «MarHHT-
HBII BEC» TeM 3aMeTHee, 4eM OoJIbIlle 3HaUYeHne MarHuTHOTO Tlapamerpa U.
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Puc. 2. I3MeHeHNE «MarHATHOTO BECay Puc. 3. Bnusnne HaMarHHYEHHOCTH HACBIIICHUS
MarHuTHOM xuakoctd MK-44 Bo Bpemenu MarHUTHOM »KUJKOCTH Ha U3MEHEHHE
MIPU Pa3InYHbIX Oe3pa3MepHbIX mapamerpax U «MarHATHOTO BeCa» B MArHUTHOM KUIKOCTH

Ha OCHOBE K€POCHHA

Ha mepepacmpenenenne KOHIICHTPAIIMA YaCTHIl B MarHUTHBIX KUIKOCTSIX
U CBA3aHHOE C HUM M3MEHEHHE MAarHUTHOI'O Beca BIUSCT HadalbHas PaBHOBEC-
Hasg KOHIEHTpAIMsl MAarHUTHBIX YAaCTHUIl, BEIMYMHON KOTOPOU OIpPEICIIIeTCS
HaMarHWYEHHOCTh HACBHIIICHHS XKUAKOCTH. DTO BIMSHUE MIOKa3aHO HA PHC. 3 IS
xkuakocrern MK-28, MK-44 u MK-72, uMeroluX HaMarHMYCHHOCTH HAacCHIIIe-
HUs cooTBeTCTBeHHO 28,3; 43,8 1 72,5 kA/M. XKuagkocth ¢ Goblieii HaMarHu-
YEHHOCTBIO CUJIbHEE U3MEHSET CBOM «MArHUTHBIN BECy.

[Tepepacnpenenenre KOHIEHTPALUKU YaCTULl B MArHUTHBIX JKUIKOCTAX U
CBSI3aHHOE C HUM M3MEHEHHE «MAarHUTHOT'O BECa» TAKXKe CBSI3aHO C INIOTHOCTHIO
YIaKOBKM YacTHI[ MarHeTuTa B KHUIKOCTH-HOCHTEJE. TpPU MPHOIIMKEHUH e
K MaKCHUMAaJIbHO BO3MO>KHOH MPOILIECCHI 3aMEIIAIOTCS. DTO BUAHO U3 pUC. 3 IS
xunkocteit MK-44 u MK-72, xunkocts MK-72 — ¢ npenenbHON HaMarHu4yeH-
HOCTBIO HACKIIICHUS JIS1 JAHHOTO HOCUTEJIS.
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Takxke ciieyeT OTMETUTD, YTO B CUJIBHO HEOJHOPOJHBIX MATHUTHBIX IOJIAX
BO3MOXHO BO3HHKHOBEHHE B MArHUTHOHN >KUIKOCTH HEOOPAaTHUMBIX KOHLIEHTpa-
LIWOHHBIX M3MEHEHU, KOHEYHBIM PE3yIbTaTOM KOTOPBIX SIBISETCS PACCIOCHHE
xuakoctd. IloaToMy € 1€Ibt0 KOHTPOJIS 0OpaTUMOCTH IIPOLIECCOB B JKCIEPU-
MEHTax TPOU3BOIWIN OTOOp MPOO JKUAKOCTH U HM3MEPEHHE UX MarHUTHBIX
XapaKTEPUCTHUK JI0 U MOCJIE BO3JAEUCTBUS «MATHUTHOTO MOJIsD». Pe3ynbpTaTsl 3TUX
HCCJIEJIOBAHNN OKa3aJINCh B NpeAenax MOTPEelIHOCTH M3MEpPEHHs HaMarHH4YeH-
HOCTH KHJKOCTH.

HccnenoBanus BBIMONMHEHBI MpH noanepxkke PoHaa QpyHIAMEHTAIBHBIX UC-
cienoBanuii PecriyOnuku benapyce.

BBIBOJ

Ilon neiicTBUEM HEOAHOPOJHOTO MArHUTHOTO TMOJIA AKTUBHO MPOUCXOMST
mporecchl 1uGy3un U OpOYHOBCKOTO JIBUKCHUS B MAarHUTHOHM KHJIKOCTH.
OO0 aKTUBHOCTU MPOUCXOMSIIUX IPOIIECCOB MO3BOJISET CYIUTh BO3pacTaHUE
BO BPEMEHH «MAarHUTHOTO BECa» JKUAKOCTH (POCT MArHUTHOW CHJIBI BO BPEMEHH).
OTO aKTyallbHO IPU MOJIENUPOBAHUH MOBEAECHNUS MAarHUTHOW JKUAKOCTH B MarHuT-
HOI crcTeMe MarHUTOXKUIKOCTHOTO TEXHUYECKOI0 yCTPOMCTBA B CTaTHKE.
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