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MarauTHast KUITKOCTh IIPEJCTABJIAET COOOM KOJUIOWI HAHOYACTHI[ MATHETHTA, W IOJTOMY B HeHd Ipu
BO3JIEUCTBUYM HEOJHOPOHBIX MATHUTHBIX ITOJIEH IPOUCXONAT IIPOIeCCH MarHurodope3a U OPOYHOBCKOM
nmuddysun. Hacrosamas pabGora mOCBAINIEHA WCCIEIOBAHUIO BJIMSHUS IIPOIECCOB MarHuTodopesa u
OpoyHOBCKOM muddysur Ha 00BEMHYI MATHUTHYIO CHJIy, MEMCTBYIOIIYI B sKHOKocTH. [lokasamo, dYTO
O1aroaps yKasaHHBIM IIPOIeccaM, MATHUTHAS CHJIa H3MEHSEeTCSI BO BpEMEHH.

Kinrouersie cioBa: MaruurHas sxugrocts, BpoyHosckas nuddyaus, Maraunrodopes, Ob6bemHass maruur-

Had cuJia.
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MarsuTORIIKOCTHEIE YCTPOMCTBA C KCIIOJIB30BAHUEM
VHUKQJIBHBIX ~ CBOMCTB  TAKOTO  TEXHOJIOTHYECKOTO
MaTeprasia KAk MATHUTHBIE KUJKOCTH B HACTOSIIEE
BpeMsi HaXOAAT IIMPOKOe IIPUMEHEHHWE B PA3IMIHBIX
0Tpacysix IIPOMBIILIEHHOCTH, OCOOEHHO B OHEPTETHKE,
MAIITMHOCTPOEHUH, IIPUOOPOCTPOEHUN W 9JIEKTPOHHUKE,

BakyymMHOM Texumke [1-3]. Ilpumenenwme MarHUTHBIX
SKAIKOCTEM B TEeXHHYECKHX  YCTPOMCTBAX  HMMeeT
0CODEHHOCTB, CBSI3AHHYIO c HE00XOIHMOCTBIO

HCITOJIb30BAHUSA CHJIBHO HEOTHOPOIHBIX MATHUTHBIX II0JIEH
B TedYeHHE [JINTEJHLHOIO IIPOMEKYTKA  BpPEMEHH.
ITockompKy MArHHUTHBIE KHIKOCTH IIPEICTABJISIIOT CO0OM
KOJLJIOM]] BBICOKOIMCITEPCHBIX MATHUTHBIX YACTHIL, TO IIOL
JIeACTBIEM MATHUTHOTO TI0JISI B 00BEME SKUIKOCTH aKTUBHO
IPOMCXOIAT MPOIeCChl Maruurodopesa u Audysun
YaCTHIl, NPUBOISAIME K  IIepepaclpesielleHui0  HX
rourenTparmu [4-6]. CiencTBreM IepepacripenesieHust
KOHIIEHTPAIIMM  MATHUTHBIX  YaCTWI[ MOMKET  OBITh
W3MeHeHre O0BEMHON MATHHUTHOM CHJIBI B MATHUTHOM
SKHJIKOCTH, KOTOpOe MOMKeT OKasaTh BJIMSIHHE Ha
QYHKIMOHUPOBAHIE TEXHIYECKUX YCTPOMCTB.

Oxaum u3 Haunbosee pacIpocTpaHeHHbBIX
MAaTHUTOKUTKOCTHBIX YCTPOMCTB SIBJISIIOTCS
MAaTrHUTOKUIKOCTHBIE YIIJIOTHEHUS ITOJBUKHBIX BAJIOB
[1-3], koTOpBIE TPEABABIAIOT K MATHUTHBIM 3KUITKOCTSIM
HauboJiee jKecTKre TpeOOBAaHMS K HX KadvecTBY. UTOOBI
00ecIeynTh TEPMETH3AIUI0 Bajia IIPH 3HAYUTETIHLHOM
meperaje TaBJIEHUH HEeo0X0THUMO €o31aTh
IEeACTBYIOIIyI0 HA 00BEM MATHUTHOH MKUIKOCTH B
VIUIOTHAEMOM 3a30pe CHJIy 3HAYMUTEJIBHON BEeJIMYMHBL
Jltst aToro Tpebyercs cos3maHue CHIIBHO HEOIHOPOIHOTO
MATrHUTHOTO IIOJII C TPAJHMEHTOM HAIPSKEHHOCTH [0
109A/m2. OpHako 1ox HEeHMCTBHEM  HEOIHOPOIHOIO
MArHUTHOTO TOJIA B 00BbeMe MATHUTHOH SKHIKOCTH,
AKTHUBHO IIPOMCXOMSAT IIPOIECCHI IIePEepaCIIpeIeIeHUsT
KOHIIEHTPAI[MA MATHUTHBIX YacTHIlL, B pesyJbrare
efCTBYOIe HA MATHUTHYIO SKUIKOCTH CHJIBI MOTYT
IpeTepIieBaTh 3HAYUTEHLHBIE U3MEHEeHHUs CO BpeMeHeM
¥ TEM CaMbIM U3MEHSATHCS YCJIOBUS TepMeTHIAIUN BaJIa.

[IpencraBiennsle HUMKE PE3YJIHTATHI UCCIEIOBAHULL
HME0T 1eJib OIIEHUTH BJIASTHUE IIPOITECCOB
marauTtodopesa u Auddysur UacTUIl HA OOBEMHYIO
MATHUTHYIO CHJIy B MATHUTHOHN KUTKOCTH.

Meronuka wm3ydeHUsT MMPOIECCOB MATHUTOdOpe3a U
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mudpdysur  OPOYHOBCKMX  MATHUTHBIX  YACTHI] B
MATHUTHOM JKHUIKOCTH OCHOBaHA Ha U3MEPEHUU C
TeYeHWeM BpeMeHH OOBbEeMHON MATHUTHON  CHJIBI,
OeficTByIONIel Ha 9Ty SKUAKOCTh, BO  BHEIIHEM
HEOTHOPOJTHOM MAaTHUTHOM II0JI€.

MaruuTHas JKUAKOCTH IIPEACTABIISIET COO0M KOJIJIOU]T
HAHOYACTHUI] MarHeTUTa, U II09TOMYy B Hel IIpU BO3Oel-
CTBUM HEOJHOPOIHBIX MATHUTHBIX IIOJIEH IIPOUCXOIAT
mporecckl MaruuTodopesa U OpOyHOBCKOM audydysum
[4, 6, 7]. MarautHble YacTHUITBI KOHIIEHTPHUPYIOTCS B
obyacTaX  MATHUTHOH  SKHUAKOCTH € OOJIBIIEH
HaIPKEeHHOCTHI0 MAaTHUTHOTO oJs H, u aTto mpuBoauT
K YBEJIMYEHHUI0O HAMATHUYEHHOCTU $KUAKOCTH M B aTHX
obnacrsix. B ciydae HesmHEWHOTo pacIpenesieHus
HAIPSIPKEHHOCTH MATHUTHOTO II0JISI B 00bEME SKHUIKOCTH
00pasyioTcsi 00JIaCTH C¢ MAaKCUMAJIBHBIM TPaJHUeHTOM
HAIPSKEHHOCTH MAaTHUTHOTO II0JISI 1 HAMATHITIEHHOCTHIO

SKUTKOCTH, YBEJIMTYUBAIOIIENCS co BpEMEHEM.
JleiictBytommiass  Ha  00b€M ~ MATHHTHOM  JKUIKOCTH
MAaTHUTHASA  CHAJIA  OIpe[esisieTcss  MIPOU3BeJIeHUEM

HaMarHUYEeHHOCTH Ha TPagueHT TOJIA, U I03TOMY CO
BpeMeHeM OHA HeJIMHEMHO Toyke pacrer [6-8].

CxemMa  OKCIEPUMEHTAJIBHOM  YCTAHOBKMA  JJIS
HCCIeNOBAHMSA  O0OBEMHOM  MATHMTHOM  CHJIBI B
MAaTrHATHOM KUIKOCTH IpuBemena Ha puc. 1. Kioosera 1
M3 HEMATHUTHOTO MaTepuaJa, 3aloJHeHHAsS MaTHUTHOMN
JKUIKOCTBIO 2, pa3MellieHa Ha HEMarHUTHOM oIope 3,
KoTopas yCTAHOBJIEHA Ha 9JEeKTPOHHBIX Becax 7.
Hcrounuk BepTHKAJIBHO HEOIHOPOIHOIO MATHUTHOTO
moJisT 4 YCTAHOBJIEH IIOJ KIOBETOM C KHIKOCTHIO Ha
Jpyroit HEeMarHuTHOM oI1Iope 5.

ITockonbry Ha yCTaHOBKE peasm3oBaHO
BEepTUKAJIbHOE HAIIpaBJeHWe TpagueHTa IIoJsd, TO
IeHCTByIOIasi Ha 00beM  MATHUTHOM  SKHIKOCTI

00beMHAas MarHUTHASA CUJIA TOKE MMeeT BePTUKAJIbHOe
HAMpaBJIeHWE, COBIAIAIONIEe C HAIPABJICHUEM CHJIBI
TSIYKECTH, U ee MOYKHO Ha3BaTh MATHUTHBIM BECOM. JTOT
bakT MO3BOJITET MCITOJIB30BATH BECHI JJIA W3MeEpPEHU
MarHuTHOM cuybl. C 1eJIbI0 PEeruCTPaIi M3MEeHEeHUS
MATHUTHOTO Beca MATHUTHOM JKHUIKOCTA BO BPEMEHU
9JIEKTPOHHBIE BECHI TOJKJIIOYEHBI K IIePCOHATBHOMY
KoMIIbIOTEPY 6. B aKcmeprMeHTax MCIOIb30BAMCH BECH
mapku OHAUS Adventurer AR2140.

B kauecTBe MCTOUHWKA BEPTUKAJIHLHO HEOTHOPOIHOTO
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MAaTHUTHOTO TIOJIS WCIIOJIB30BAJIMCh CHUCTEMEI M3 IOCTO-
SIHHBIX IIPSIMOYTOJIBHBIX (DeppUT OApPHUEBBIX MATHHTOB
mapku 2BA ¢ reomerprudeckuMu pasmepamu

1
2\5

Puc. 1 - Cxema skcriepuMeHTaILHOM yCTAHOBKU

10 x 20 x 5 mMm. MaruuTbl, HaMarHWYeHHBIE IEp-
MEeHIUKYJIIPHO HAUOOIbINIeH I'PAaHM, YCTAHABJIMBAJIACDH
TaK, 4YTO B 00beMe MATHUTHOM KUIKOCTH CO3IaBaJIOChH
MAarHHUTHOE II0JIe BEePTHUKAJLHOIO HAIIPaBJIEHUS C Tpa-
IUEHTOM HAIPSKEHHOCTH, HAIIPABJIEHHBIM BEPTUKAIb-
HO BHU3. Hccmemoanue BEPTUKAJIBLHOI'O
pacipesesieHUs II0JI MATrHUTOB II0KA3aJI0, 4YTO B
obJracTi JHA KIOBETHI MAKCHUMAJIBHAS HANPSSKEHHOCTD
H MarguTHOTO IIOJIS JOCTHATaJa 3HadeHus 61 xA/M, a
BeJIMUMHA TPAJUEHTa HAIPSKEHHOCTH MATHUTHOTO
mostst — ;o0 12200 kA/m2. Ilpu TosmiuHe €10 MATHUTHOMR
sguaxkocT 10 MM B 00JIaCTH €ro ITOBEPXHOCTHOIO CJIOS
MATHUTHOE II0JIe KMMEJI0 HANPSKEHHOCTh 12 KA/M um
rpagueHT HampssreHHoeTr 1850 rA/M2.

WccrnemoBanuss  NpOBOAMJIMCHE  HA ~ MATHUTHBIX
SKHMIKOCTSIX HA OCHOBE TPaHCOPMATOPHOTO MAcJa.
MarautHas ¢asa — MarHETHUTOBBIE HAHOYACTHUIIEI,
cTa0MITN3UPOBAHHBIE TIOBEPXHOCTHO-AKTUBHBIM
BerecTBOM — osieatoM HaTpus. OCHOBHBIE PU3NUIECKHE
CBOMICTBA 00pPA3Il0B MATHUTHOM KUIKOCTU IIPUBEIEHBI B
Tabdmie.

IIpuBenenubie B TabsmIle OllEHOYHBIE JAHHBIE O
pasmepax MATHHUTHBIX HAHOYACTHUI[ IIOJIyYEeHBI Ha
OCHOBe aHAJM3a KPUBBIX HAMATHUYUBAHUS 00pa3IoOB
MATHUTHBIX KUATKOCTEN [3]

Ilpz omvcanwy WMHTEHCUBHOCTH IUQ(Y3HOHHBIX
TPOIIECCOB U OpPOYHOBCKOTO [BMIKEHHS B MATHHUTHON
SKHIKOCTH YI00HO WCHOJIB30BATh 0e3pasMepHBIN mapa-
metp U= pommHo/kT, woropblil mpencTaBisieT €000
COOTHOITIEHNE JdHEPTUU MATHUTHON YaCTHUIIBI B MATHUT-
HOM II0JIe ¥ 9HEPIHH TEILJIOBOTO ABH:KEHU [6-7].

Ta6auna 1 — CBoiicTBa 06pas3ioB MATHUTHOM KUIKOCTH

MarauTtHasa EUIKOCTD MMT- |[MMT- |[MMT -
20 31 39

Hamarungensoctb 19.9 319 33,6

HAaCBHIIIeHus, KA/M

IInotHOCTE, KI/M3 1128 1274 1420

MarauTHas KOHIICHTPALMS 44 6.3 8.0

yacTui, %

MagkcuMmasbHBIE  gUaAMETP
YaCTUIl, HM

13.2 11.1 11.3

MI/IHI/IMaJH:HBII/I auamMeTp 86 84 81
YJaCTHIl, HM
Hmaasiraecknit . ®oabdu- | 4344 | 0.0367 | 0.0797

IIYMEHT BA3KOCTH, Ilac
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B nammom Beipaskenum o =1,26-10-6 I'm/m — mar-
HUTHAsT TPOHUIIAEMOCTh BaKyyMma, Mm — MAaTHUTHBIA
MOMEHT 4YacTulibl, k — nocrossaHad Boasmmana, 7' — ab-
COJTIOTHAS TeMIlepaTypa.

3a cuer U3MeHEeHNs CUCTEMBI M3 Habopa IMOCTOSTHHBIX
deppur GapueBBIX MATHHUTOB OT OJHOIO J0 YeTHIPEX B
objlacT JHA KIOBETHI C MATHUTHOM SKHIKOCTBIO
OespasmepHblii  Kpurepuii U  u3MeHsIca — IpHU
BBITIOJTHEHU U 9KCIIEPUMEHTOB OT 2,45 1o 6,6.

B HEOTHOPOTHOM MAaTHUTHOM mnoJie
mepepaciipeiesieHre KOHIEHTPAIIMN MAarHUTHBIX YaCTHI]
B MATHUTHBIX JKUAJTKOCTSAX IIPUBOAUT K BO3PACTAHHUIO CO
BpeMeHEeM KOHIIEHTPAIIUM MATHUTHBIX YACTHUIL BOJIM3K
IHa KIOBEThl, M3-3a 4Yero pacTeT MAarHUTHBIA BeC
SKHTKOCTH BO BpeMeHu (puc. 2).

Ha pucynrke AF = F — Fo abcoJoTHOE M3MEHEHUe
MAaTHUTHOM CHJIBI C TeYeHHEeM BpemeHu, Fo — MarauTHas
cuja B HAYAJBHBIA MOMEHT BKJIIOUEHUS MATHUTHOTO
mosist. Hawbosiee 3aMeTHO 9TO M3MEHEHHE ITPOUCXOIUT B
HAYaJIbHBI MOMEHT BpEMEHW, a Jajiee C TedeHHueM
BpEeMEHM BeC JKUJIKOCTH BBIXOJUT HA CTAI[MOHAPHOE
3HaYeHne u PaKTUYIECKH He U3MEHSIeTCs.
VYcraHoBIE€HO, YTO BpeMs BBIXOAA Ha CTAI[HOHAPHOE
3HAYEeHHe COCTABJISIET OT JBYX JI0 TPexX 4YacoB, W ITO
XOPOIIIO COOTBETCTBYET TEOPETUUECKUM OIleHKaM [6)].

Biusauame mpomecca mudpysmm Ha u3MeHenue
MAaTHATHOTO Beca TeM 3aMeTHee, 4eM 0OJIbIe 3HAYEeHUe
maruuTHoro mapamerpa U. Ha npusenerntom pucyHke 2
IPEeJICTABJIEHBl 3aBUCAMOCTH JIJI CJI0EB MATHUTHON
SKMJIKOCTA  PA3JIMYHOM  TOJIIMHBI B  OJMHAKOBBIX
MarHuTHBIX mojigx. CpemHue II0 BBICOTE 3HAUEHUSA
napamerpa U s ciooeB ToymmuHOM 5 u 7 MM
COOTBeTCTBEeHHO cocTaBiisaioT 4,1 u 2,9. Bunno, uro s
CJIOSI MEHBIIIEH TOJIMIMHEBL, XapaKTepHu3yeMOoro O0JIBIITHIM
3HauenweM Iapamerpa U, HaOJomaercss 3HAYUTEHHO
0oJIbIIIee M3MEHEHMeE JTeNCTBYIONIEe MarHUTHOMN CUJIBL.

B cooTBeTcTBHM ¢ TEOpETHYECKUMU OIEHKAMU H3Me-
HeHMe MATrHUTHOM CHJIBI 3a cueT Judy3ur MOIKET I0-
crurath 10 % [6]. Ha puc. 3 mpuBemeHbl 3aBUCHMOCTH,
XapaKTepu3yollie U3MeHeHrne MATHUTHOM CHJIBI, JIel-
CTBYyIOIIIe# Ha 00pasiibl MATHUTHOM KHUIKOCTA B IIIHPO-
KOM JIMAIlIa30He ee HAMArHUYEeHHOCTH HACKHIIIEHHU .

5 T

TonwwHa cnos h (Mm):
3 1 —o—5, —o—7 —

T

0 |
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T, MHH.

Puc. 2 - 3aBucuMOCTh OT BPEMEHM OTHOCHUTEJIBHOI0 HM3MeHe-
HUA MarHWATHOTO Beca cJjioeB MarHutHoi ssunkoctu MMT-31
Pa3IUIHON TOJIITUHBL
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Puc. 3 - Binauue HaMarHum4yeHHOCTH HaCHIIIIeHUA MAarHUTHOM
SKUIOKOCTH Ha OTHOCUTEJIBHOE M3MEHEHEe MarHUTHOT'O Beca

B srcmepumenTtax s Bcex 00pasiioB MATHUTHBIX
SKUJIKOCTEM CO CTAaOMJIbHBIMA BO BPEMEHU CBOMCTBAMU
OTHOCHUTEJIbHOE M3MeHeHme Beca He mpesbicmiio 10 %,
YTO BITOJIHE 00BbsICHSeTCS Mudpy3HOHHBIMU IIPOIECCaMU
(puc. 3, xpuBble 1-3). 3aBUCHMOCTH, IIPEICTABJIEHHBIE
HA JAaHHOM pPHCYHKE KPUBBIMU 1-3, IIOJIyUYeHBI JIJI
MATHUTHBIX JKATKOCTEM, M3 KOTOPBIX [JIS IIOBHIIIEHUS
YCTOMYUBOCTHA I[EHTPU(YTHPOBAHUEM IIPEIBAPUTEIHHO
0BT yHAJIeHBl KPYIIHBIE MATHUTHBIE UYACTHUIEI U HX
arperarsl.

O6paserr MATrHUTHOMI SKATKOCTHA MMT-20
WCIIBITBIBAJICS B MATHUTHOM II0JT€ JBAKIBI — JI0 W TIOCTIE
menTpudyrupoBauusd ¢ yckopeurem 6000 g. B obpasiie
suakocT 10 ueHTpudyruposanus  (MMT-20NC)
BO3MOKHO WIPHICYTCTBHE 00Jiee KPYITHBIX MATHUTHBIX
YacTWI[ M WX AarperatoB. ll0aToMy B HEOIHOPOIHOM
MAaTHUTHOM IT0JI€ ITPOMCXOIUT OBICTPOE UX IepPeMeIeHIe
B o00JsiacTh 0oJiee CHJIBHOTO MATHUTHOTO IIOJIA U
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ocemaHuUe. Bcestencrere 9TOr0 HabJII0IaeTCsa
3HAUUTEJbHOEe WH3MeHeHUe JeUCTBYIOIIe MAarHUTHON
CHJIBI B HAYAJBbHBIA MOMEHT BPEMEHU M BBIXO] €€ Ha
cralmoHapHoe 3Havenwe (puc. 3, KpuBas 4).
Boocnencreum maHHBI 00paser] SKUIKOCTH OKA3aJICSA
YCTONYMBBIM M HE IIPOSIBUJI CKIIOHHOCTH K PACCJIOEHHUIO.

Jlist 00pasIioB KHUIKOCTH, M3MEHEHHEe MAarHUTHOI'O
Beca KOTOPHIX XapPAKTePU3yeTCsA 3aBUCHMOCTAMH 1-3 Ha
puc. 3, 4epes yac Iocjie OTKJIFOYEHUS MATHUTHOTO ITOJIS
HOBTOPHO OBLIM MCCJIENOBAHBI (PH3UYECKHE CBOMCTBA
(HaMarHMYEHHOCTh M IUIOTHOCTB). Y IIPo0 MAarHUTHOMN
SKUIKOCTH, B3ATHIX U3 BEPXHEW W HUIKHEU JacTel CJIodd,
OKa3aJIMCh OJWHAKOBHIE (DPU3WUYECKHE CBOMCTBA, YTO
CBUJIETEJILCTBYET 00 OOPaTHMOCTHA  ITPOMCXOMISIIIX
IIPOIIECCOB.

IlomobuBle wmccaemoBaHMs OBLIA  BBIIOJIHEHBL C
GOJILIIIAM YKMCJIOM O0OpPAa3IloB MATHUTHOM KHIKOCTH HAa
PA3JIMYHBIX SKHUAKHUX OCHOBAX M OBLIM  ITOJIYyYEHBI
aHAJIOTUYHBIE Pe3yJIbTATEL.

BrimosiHeHHBIE HCCIIENOBAHUS II0KA3aJIM, YTO IO
IefiCTBMEM  HEOJHOPOJHOI0O MATHHUTHOIO IIOJIA B
MATHUTHOM $KUIKOCTH, AKTHUBHO IIPOMCXOIAT IIPOIIECCHI
muddysur ¥ OPOYHOBCKOTO IBMIKEHUS MATHUTHBIX
HAHOYACTHII, KOTOpPbIe OKA3BIBAIOT BJIMUSAHUE HA
00BEMHYI) MATHUTHYI CHJy, JeHCTBYIOILYI0 Ha
MATHUTHYIO SKHTKOCTb.

VceTaHOBIEHO, UTO, €C/IM U3MeHeHNe MAarHUTHON CH-
JIBI B HEOJHOPOIHOM MATHHTHOM IT0JIe HE IIPEBHIIIAeT
10 %, TO IepEeKOHIIEHTPAITSA MATHUTHBIX YACTHUI] IMEET
00paTHMBIA XapakTep, W $KUIKOCTH XapaKTepPU3YITCS
YCTOMYMBOCTBIO CBOMCTB. [lociiemytoliee MCIIOIBL30BAHIE
9TMX  MATHHUTHBIX  JKMIKOCTEH B  TEXHUYECKUX
YCTPOMCTBAX HE BHI3BAJI0O HUKAKUX IPO0JIEM BO BPEMs
9KCILIyaTaInu.

Astopsr 6arogapasl QoHay QyHIaMEHTATBHBIX KC-
cienoBanuii Pecyosuku Benapych 3a mommepskky gaH-
HO# paboTHL.

Influence of Brownian Diffusion on Volume Magnetic Force in Magnetic Fluids

V. Bashtovoil, A. Reks!?, S. Klimovich!, V. Polunin2, P. Riapolov?2

1 Belarusian National Technical University, 65, Nezavisimosti ave., 220013 Minsk, Belarus
2 Southwest State University, Russia, 94, 50 let Oktyabrya st., 305040 Kursk, Russia

Since magnetic fluid is a colloid of magnetic particles the processes of magnetophoresis and Brownian
diffusion have to take place in them in the presence of a strong non uniform magnetic field The present
work deals with experimental investigations of the influence of Brownian diffusion of magnetic particles
and magnetophoresis on volume magnetic force in magnetic fluid. It is shown that due to these processes

the magnetic force is changed over time.

Keywords: Magnetic fluid, Brownian diffusion, Magnetophoresis, Volume magnetic force.
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