HU3BECTHA PAH. CEPUA ®USHYECKAA, 2023, mom 87, Ne 3, c. 343—347

YIIK 538.93

IMOBEJIEHUE T'A30BBIX BKIIIOYEHUI B MATHUTHON XKUJKOCTHU
B MUKPOKAHAJIAX PA3JIMYHON ®OPMBI I1OJI IEMICTBUEM
HEOJHOPOJIHOTO MATHUTHOI'O I10JIA

© 2023 r.

I1. A. Panosos! *, E. A. Cokogos!, E. B. Illeabaemona’,

. A. Kamoxnas', A. O. Bacuibepa'
! Pedepanvroe cocydapcmeaennoe Gro0xcemnoe 0bpazoéamenshoe yupexcoenue vicuiezo 06paz08anus
“I0eo-3anadnuiii eocydapcmeennuiii ynusepcumem”, Kypck, Poccus
*E-mail: r-piter@yandex.ru
IMoctynuna B pegakuuto 28.09.2022 r.

IMocne nopadoTku 27.10.2022 1.
IMpunsaTa K myonaukamum 25.11.2022 1.

IIpencraBiieHbl pe3ylIbTaThl UCCAEIOBAHUS TUHAMUKY Ta30BbIX MYy3bIPHKOB, MHXEKTUPYEMBIX B MAarHUT-
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CUCTYMKax 1M go3aropax B MI/IKDO(bJ'[}OI/I,I[I/IKC.

DOI: 10.31857/50367676522700600, EDN: HFUBGC

BBEAEHHWE

IToBeneHre MUKpoOKaIiedb 1 MUKPOITY3bIPHKOB B
MHUKpOKaHajlaX COCTaB/IsSIeT OCHOBY KalleJIbHONH MUK-
podmonnuku [1—3], KoTopass TpuUMeHsIeTCS s
OMOJIOTrMYECKUX, XUMUYSCKNX aHAIM30B WU CUHTEe-
3a yactull. JlaHHas TEXHOJIOTUS TaKKe TIOBBIIIACT
CKOPOCTb OMOJIOTMYECKUX M XMMHUYECKIX aHAIN30B
3a CYET YMEHBIIIECHUST 00bEMOB, B KOTOPBIX ITPOMCXO-
ISIT TaKWe MpOoIecchl, Kak Harpes, nuddy3us, pea-
JIN3yeTCsl KOHBEKTHMBHOE II€peMellMBaHUE. YIIpaB-
JIeHWEe pa3MepoM U OWHAMMKOI B3MYJIbCHUII OCYy-
LLIECTBJISIETCS C TIOMOILbI0O M3MEHEHUSI pacxoaa Wi
KOH(UTrypauuu KaHajla. AJIbTepHATUBOM MOXKET BhI-
CTYNaTh UCHOJIb30BaHUE KUAKNX aKTUBHBIX KOMIIO-
HEHTOB, KOTOpPbIE MOTYT MEHSITh CBOM CBOMCTBA MO,
BHEIIHUMU BO3aeicTBUSAMU. K TaKuM KOMIIOHEHTaM
OTHOCSTCS MarHUTHBIE KMOAKOCTH, COUYETAaIoIIre B
cebe TeKy4eCTh M MAarHUTHBINM OTKJIMK U IIPEACTaBIISI-
[olnye co00ii KOJUIOUIHYIO CUCTEMY MarHUTHBIX Ha-
HOYACTHII, IIOKPHITHIX TOBEPXHOCTHO-aKTUBHBIM BeE-
IIECTBOM, OMCIEPTUPOBAHHBLIX B XUIKOCTh-HOCH-
tenb [4—13]. Llenvio maHHONW paOOTHI SIBIISICTCS
HUcclieJOBaHNe MTOBEICHMS O, BO3ACUCTBUEM HEO -
HOPOAHOIO MAarHUTHOTO T10JIsI Ta30BbIX BKJIIOUEHUI B
MarHUTHOM XUAKOCTM B MUKPOMIIOMIHBIX 4YUITax
pa3IuyHOl KOH(MUTYpallMM, YTO MOXKET MOCIYKUTh
OCHOBOI UISI CO3MaHUS YIpPaBIseMbIX MarHUTHBIM
noJjieM MUKPOQIIONIHBIX 103aTOPOB.
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METOJINKA SKCIITEPUMEHTA

Jlasg TipoBeneHNs MCCIeqOBaHWIA Obljla M3TOTOB-
JIeHa CHeluaiu3upoBaHHAs AKCIepUMEHTaJIbHAs
yctaHoBKa. Ee 0JIoK-cxema mpeacTaBiieHa Ha puc. 1.
Muxkpodmonnabiit yun (/) ¢ ITOMOIIBIO CUCTEMBI
KperuieHui (Ha cxeMe He ToKa3aHa) pa3MellaeTcs
napajijieIbHO OCU KOJIbLIEBOTO IMOCTOSTHHOTO MarHu-
ta (2). Ilomaya MarHUTHO XKMAKOCTU U HEMArHUT-
HOIi (pa3bl OCYHIECTBISIETCSI C TOMOIIBIO JBYXKa-

Puc. 1. Biok-cxema crieliaJM3UpPOBaHHON 3KCHEpU-
MEHTaJIbHOU yCcTaHOBKU. (I — MUKpPOMIIOUIHBINA YUII;
2 — TIOCTOSTHHBIM MarHur; 3, 4 — NByXKaHaJIbHBIN IITTPU-
LIEBOI HACOC; 5 — MUKPOCKOI; 6 — OCBETUTENb; 7 — KOM-
bIOTED).
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Puc. 2. Kondwurypauuss MUkpodonaHbix yumnos (I —
KOHHEKTOp MoJayu raza, 2 — KOHHEKTOp MoJayd Mar-
HUTHOU XXUIKOCTH, 3 — BBIXOAHOM KOHHEKTOD).

HaJIbHOTO ImpuiieBoro Hacoca (J3), (4) cooTBer-
CTBEHHO, MW3TOTOBJICHHOTO CaMOCTOSITEIbHO U3
netajeit Habopa misa coopku 3d mpuHTepa Ender o
TEXHOJIOTUM, onrMcaHHo# B [14]. JlmHaMnKa MHOTO-
dazHoOIi cucTEMBbI (PUKCUPYETCS C TIOMOIIbIO MUKPO-
ckora (5) B IIPOXOISIIEeM CBEeTe OT ocBeTuTels (6),
n3o0OpaxeHune IepemacTcs Ha Komnbiorep (7), yepe3
KOTOPBII OCYIIECTBIISIETCS] yIIpaBeHNE IITTPULIEBBIM
HacocoM.

B xayecTBe MCTOYHMKA MATHUTHOIO IIONIS MC-
MOJIb30BAJICh HEOOWMBbIE KOJbLIEBbIE MOCTOSTHHBIE
marauThl u3 civtaBa NdFeB (Heonum—xkene3o0—00p)
pa3nuyHoOi reoMeTpuu: MarHut 1 (HapyXXHBII qua-
mMeTp 60 MM, BHYTpeHHUI 24 MM, TomuHa 10 MM) 1
Maruut 2 (50 X 25 X 5 mM). Pe3yabTaTbl MOAEIUPO-
BaHUSI U30JIMHUI MOAYJISI HAIPSDKEHHOCTU MArHUT-
HOTO TTOJISI 3TUX MArHUTOB IIPEICTaBJIeHBI B paboTe
[12, 13]. Jasg maHHOTrO THUIIAa MAarHUTOB XapakTepHa
“o00JlacTh MAarHUTHOTO BaKyyMa” , TIe OCeBasi COCTaB-
JISIIoIIAasl HaMpsKEHHOCTM MArHUTHOTO TIOJSI CTpe-
MUTCS K HyJIeBOMY 3HaueH1I0. TakKe BBIICIISIOT Ha-

Taomuua 1. ®usnueckue nmapamMeTpsl 00pas3ioB

Ne obpa3sia MX1 M2K2 M3
M, KA/M n3mMepeHust 21.7 11 6.98
Qrar> %, pacuet 4.9 1.9 1.3
[LrotHOCT MK, KI/M> 1212.4 | 1082.0 1056.0
BsiskocTs, cIl 5.6 2.15 1.65
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0Op 3aMKHYTBIX U30JMHUI MOIYJISI HAIPSKEHHOCTHU
MarHUTHOTO IT10JIsI, KOTOPBIM MOJIy4Yns Ha3BaHUE pa-
Ooueii obnactu MarHuUTHOI neButanuu (Maglev)
[13, 15—17]. HanHass 00JacTb HCHOJb3YyeTCsS s
YIIpaBJIsIeMO TMHAMWKY HEMAarHUTHBIX BKITIOYCHU
B MarHUTOXUIKOCTHBIX CUCTEMaXx.

Mukpo@IonaHbIe YUIIBI OB M3TOTOBJICHBI Ha
OCHOBE COHIBUY-TEXHOJOTHMU C MCIOJb30BaHUEM
meHku Parafilm® B kauecTBe cpenHero cjos U cre-
KOJI B KadyecTBe o0kianok [18—20]. Mx koHdurypa-
L[1s1 IpeacTaBIeHa Ha puc. 2.

INomaya raza ocylecTisiiach yepe3 KOHHEKTop 1,
MarHuTHasi XUAKOCTb Mo/IaBajiach Yepe3 KOHHEKTOP 2,
BBIXOJI MHOTO(a3HOU CMecU TPOU3BOAMUJIICS 4Yepe3
KoHHeKTop 3. KoJiblieBoli MarHUT pa3Melaid TaKum
00pa3oM, YTOOKI ero 00J1aCTh MATHUTHOM JIEBUTALIUU
(moka3aHa Ha pHC. 2 3eJICHbIM) pacIiojiarajaach B Me-
CTe COoeOWHEHUSI KaHaJIoB IS KoHdurypaumii 1—3
WJIM KOHHEKTOpa 2 01 KoHPUTypannu 4.

boutn ucciemoBaHbl MarHETUTOBBIE MarHUTHbBIC
XKUJIKOCTA Ha BOJHOM OCHOBE, CTA0MJIM3NPOBAHHbBIC
JIBOMHBIM CJIOEM MOBEPXHOCTHO-aKTUBHOTO Bellle-
CTBa M3 OJICMHOBOI KUCJIOTH 1 oieaTa HaTpus. O0-
pazerr M2K1 OBIJT CHHTE3MPOBAH IO METOAY XUMUIE-
CKOM KOHAEHCALIMM B XWMHWUYECKON JiabopaTopuu
IO3T'Y. O6pazust M2K2—M2K3 ObLIM ITOTYy4YEHBI pa3-
6asieHuem MXKI1. @uszuyeckue napaMmeTpbl oopas-
LIOB MpeaCTaBICHBI B Ta0. 1.

PE3VYJIBTATBI

Bt poBeaeH 3KCIIEpUMEHT 110 BUAcOoOpUKcalin
MexX(da3HO TpaHULIbI TP OTPHIBE BO3AYIIHOTO My-
3bIpbKa B MATrHUTHOM XWAKOCTU IIPU Pa3IMYHBIX
KOH(MUTYpausIX KaHaJIOB M pacxXole MarHUTHOM
KUIKOCTH ¢, ¥ Bo3ayxa ¢,. [loBemeHe Ta30BbIX ITy-
3bIPHKOB pPacCMaTPUBAIOCh KAK B MAarHUTHOM TIOJIe
KOJIBLIEBBIX ITOCTOSSHHBIX MarHuToB No 1, No 2, Tak u
0€3 MarHUTHOTO MOJIs.

I[Ipy wmccnemoBaHMM OWHAMMKM MHOTO(Ma3HO
MarHMTHOM cHCTeMBbl B KaHaiax T- m Y-oOpa3Hoit
koHpurypauyu Ne 1, Ne 2, cooTBeTCTBEHHO, (puc. 2)
TeUueHHe BO3Ayxa HOCWJIO CTPYHHBIM XapakTep, I10-
OUTBCSI OTPHIBA Kalleib He yaanoch. IIpu koHUry-
pauuu yuna Ne 3 (puc. 2) kamnejabHOe TeYeHUe Ha-
omomanochk g oopasia M2K1 B MarHuTHOM 11oJIe
o6omx MarHuTOB. HaMm ymanock 1oOUTHCS KaIleabHO -
ro TeUeHMSs TOJbKO B MATHUTHOM moJjie MarHuTa Ne 1
oiast obpasua M2XK2 koHdurypauum uyumna Ne 3
(puc. 2). B 6osiee pazdbaBieHHbIX 00pa3iax odbpaso-
BaHMsI Kalle/Ib JOOUThCS He ynaiochk. [IpuunHoii 3TO-
My sBisieTcst KoHpurypauust yuiia Ne 3 (puc. 2), mpu
KOTOpOM KaHaa 2 mojadyy HEMarHUTHOM (as3bl IPo-
XOIIUT Yyepe3 KOJIbLIEBOMI MarHuT, B CEpeIMHE KOTO-
pOro MarHUTHOE T10JIe MAKCUMAaJIbHO, YTO MPUBOAUT
K 3aTeKaHMIO B HETO MAarHUTHOM XUIKOCTA U 00Opa-
30BaHUIO0 MarHUTHO-XUIKOCTHOM ITePEMBIYKM, KO-
TOpasi pa3pylIaeTcs Ipu OOJILIIOM AAaBJISHHUU, B pe-
3yJbTaTe YE€TO MPOUCXOAUT HEKOHTPOJIMPYEMBbI BbI-
Ne 3
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Puc. 3. I'paduku 3aBucUMOCTH 06beMa OTPBIBAIOLIETOCS My3bIPbKa V OT pacxoJa MarHUTHOM XUAKOCTH g .

Opoc MOpuUMM Ta3za. DTHUX HEZOCTATKOB JIMIIIEHA
KoHburypaius ynma Ne 4 (puc. 2), B KOTOpOil BBO,
HEeMarHuTHOM a3bl OCYILIECTBISIETCS HEINoCcpen-
CTBEHHO Yepe3 KOHHEKTOP 2, PacIojoKeHHbI B 00-
JIJaCTU MarHMTHOTO BaKyyMma KOJIbIIEBOTO MOCTOSIH-
Horo MarHuTa. [1py TakoM pacriojloKeHUU KaHaJIoB
yaaJIoch NOOUTHCS KameJabHOTO TEYEHWUS MPU BCEX
KOoHIeHTpauusax M2K 1 KkoHpuUurypauusx MarHuTHO-
ro mioJisi. ['papuku 3aBUCUMOCTA 0OBEMaA OTPHIBAIO-
1erocst my3bipbKa V oT pacxona MarHUTHOM KUIKO-
CTU ¢; U HaIIPSIKEHHOCTH MAarHUTHOTO T10JIS1 Ha TOo-
BepxHocTu MarHuTa (214 xA/M mist marHuTta 1 m
85 KA/M anst MarHUTA 2) IpeaCcTaBIeHBI Ha pUC. 3 U

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87

Ne 3

4 cooTBeTCTBEHHO. I'pacduku mmoaydeHsbl 1j1s1 oopas-
moB M2K1-M2K3 nipu pacxone Bo3ayxa g, ot 0.37 no
1.47 mxi/c. O6beM OTPBIBAIOLLIMXCS ITy3bIPHKOB TTOJTY-
YeH ITyTeM YMHOXeHMS ToMIMHbI KaHana (0.13 mM) Ha
IJIOIIaAb HEMAarHUTHOTO BKJIIOUEHUSI, KOTopas
ompeensieTcsl Ha OCHOBE HAaHHBIX BUIeOo(pUKCAIIUN
WHCTPYMEHTAIBHBIM MUKPOCKOTIOM 1 MOCeayoleit
00paboTKOI B IporpamMme, CIielIiajJbHO pa3padboTaH-
Hoii B NI LabView.

M3 npencraBieHHBIX Ha puc. 3 TpaUKOB BUIHO,
YTO 1T BCEX KOMOMHAITIT MAarHUTHOTO TIOJISI 1 KOH-
HEeHTpalii MATHUTHOM XXUIKOCTH pa3Mep ITy3bIpbKa
YMEHBIIIAeTCsI 110 Mepe YBETMICHUS Pacxoa MarHUT-

2023



346

V, Mmm

25 /N

20

(]

MX1
15

ode

g

50

J
250
H, xA/M

Il Il Il
100 150 200

35

304

25
M2K2

20(]

< 0O
o0

50 100 150 200 250
H, xA/m

PATTOJIOB u np.

q, = 0.37 mxin/c, g, = 0.37 MmxJi/c

0O 9, =0.74 mxn/c, g, = 0.37 Mmxi1/c

O ¢, = L.1 mxi/c, g, = 0.37 MxJ1/C

© q, = 1.47 mxui/c, g, = 0.37 mxi1/c

30

253

20

15

10

0

OO
AV AS

M2XK3

50 100 150 200 250
H, xA/m

Puc. 4. I'padpuky 3aBUCUMOCTH 00beMa OTPBIBAIOLLETOCs IMy3bIpbKa ¥ OT HANPSIKEHHOCTH MaTHUTHOTO TOJIST Ha TIOBEPXHOCTH
maruuTa (214 kA/m mia maraurta 1 1 85 KA/M uig Maraura 2).

HO1 XKMIIKOCTHU ¢, U YBEJIMYUBAETCS MPU yBEJIUUCHUU
pacxona Bo3yxa ¢,. DTU 3aBUCUMOCTU COIIACYIOTCS
C U3BECTHBIMU paboOTaMU 10 KalleJIbHOit MUKPODIIIO-
nauke [1—4].

I1pu BO3meiicTBMM MarHUTHOTO Tos (puc. 3) B
cllydyae MaJjloro pacxola MarHUTHOM KUIKOCTHU ¢, =
= (.37 MkJ1/C, 00BbEM Ty3bIpbKa V yMeHbIIaeTCs 151
Bcex KoHueHTpauuit M2K. I1pu yBeanyeHuu pacxona
MarHuTHOM XUJIKOCTU ¢, MPOUCXOJUT CHavaljia yBe-
JinyeHve oObema Ty3bipbkKa V' B MarHUTHOM TIIOJie
marauTa Ne 2, a ToToM pe3Koe CHIDKEHUE B MarHUT-

MN3BECTHUA PAH. CEPUA OPUINYECKAA

HoM mosie MmarHuTa Ne 1. HaubGosnbliiee paznnyve Ha-
OJrroaeTcsI B HaMMeHee BSI3KoM oopasme M2K3.

DTO MOXHO OOBSICHUTDH BIMSHHUEM MarHUTOTHII-
poaMHaMUYECKMX MeXaHu3MoB. [1pu MajoM pacxoje
MarHUTHOM KMIAKOCTU €€ TeYeHME BBICTPaMBaCTCS
BAOJb JIMHUII HAIPSKEHHOCTHM MarHUTHOTO IIOJIs,
CMBIKasIiCh B o0actn KoopauHat z = 20—25 mm. [1pn
STOM OTpPBIBAaeTCS My3bIpeK. YeM MolllHee MarHuT,
TEM paHbIlIe NPOUCXOAUT CAUSIHUE CTPYU U MEHBLIIUI
pa3Mep OTOpBaBIIErocs ITy3bIpbKa (3eJICHBIE Tpe-
yrojbHUKM Ha puc. 4). Ilpm yBeamvyeHum pacxoma
Ne 3
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MarHUTHON XWIKOCTU B KOJIbLIEBOM HOCTOSSHHOM
MarHuTe 2 ¢ MeHbIIIe HAIIPSIKEHHOCThIO MATHUTHO-
IO TIOJISl TOYKA CIMSIHUS CTPYiA MATHUTHOM KUIKOCTHU
CMeIaeTCs Jaybllie OT MarHUTAa, YTO IIPUBOIUT K HE-
KOTOPOMY YBEJIMYECHHUIO pa3Mepa Ity3bipbKa. I1pu nc-
MOJIb30BAaHUU OoJiee MOIIHOTO MarHuTa 1 (Hampsi-
KEHHOCTh MATHUTHOTIO TOJISI HA €r0 TMTOBEPXHOCTHU B
~3 pasa OoJibliie) Ipeobs1aaaloT MAarHUTOTUAPOIUHA -
MUYECKHEe MEXaHU3MBI, B pe3yJbTaTe 4ero pasmep
MMy3bIpbKa YMEHBILIAETCSI.

3AKJIIOYEHHME

PaccmoTpena muHaMmKa Ta30BBIX ITy3BIDHKOB B
MArHUTHOM >KMJIKOCTU B MUKpOKaHajlaxX pa3iudyHON
¢dopmpel. [TokazaHo, yto B T- 1 Y-ob6pa3Hoit KOoHDU-
rypalyy B HEOMHOPOITHOM MOJI€ KOJbIIEBOTO MarHu-
Ta He yIaeTcs JOOUThCS My3bIpbKOBBIX TeUeHMit. Pe-
KM TUAPOIMHAMMNYECKOM (DOKYCHUPOBKM SIBIISICTCS
eIMHCTBEHHOM KOH(MUTypauueit MUKPOQIIOUIHOTO
qyuIia, Ipyu KOTOPOi 00pa3yloTcs Iy3bIpbKU.

ITomaya HeMarHUTHOM a3bl B 00JaCTh MarHUT-
HOT'O BaKyyMa ITO3BOJISIET TOOUThCS CTAaOMIBHBIX pe-
KMMOB TIPU BCEX KOHILIEHTPALIMSIX MAarHUTHOM KW~
KOCTU U KOHGPUTYypaLUsIX MAaTrHUTHOTO MOJIS.

Paccmotpeno moBeneHne MexkdasHOit TpaHHIIBI
BO3IyX — MarHWTHas XXUIKOCTh B MOMEHT OTpHIBa
My3bIpbKa, TOKa3aHOo, YTO OIpeaesollee BIUSHUE
Ha Hee OKa3bIBaeT KOHGUTYpaIIis MAarHUTHOTO TTOJIS.

ITokazaHo, 9TO 1J1s BCeX KOMOMHAIIMIT MAarHUTHO -
ro mojis M KOHLEHTpalMii MarHUTHOM >XKUIKOCTU
pasMep My3bIpbKa YMEHBIIIAETCS IO Mepe yBeaude-
HUsI pacxola MarHUTHOM XUAKOCTH ¢; U yBETNINBA-
eTCsl P YBEJIMYCHUU PacXoia BO3IyXa ¢,.

IIpu yBenMYeHUM HANPSIKEHHOCTH MArHUTHOTO
MOJISI ¥ KOHLIEHTPALIMM MAarHUTHOM XXUIKOCTHU pas3-
Mep Iy3bIpbKa YMEHBIIIAETCS, 3TO MO3BOJISIET Opra-
HU30BaTh 0ECKOHTAKTHOE YIIpaBJIEeHUE pa3MepOM ra-
30BBIX BKJIIOUEHUIA, YTO MOXKET HATU IPUMEHEHUS B
ra3oBbIX CYETYMKAX U J03aTOPaX B MUKPOQIIOUINKE.

HMccnenoBaHue BBIMOJTHEHO MpU noaaepxkke Poc-
cuiickoro Hay4yHoro ¢oHma (mpoekt No 22-22-
00311).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

347

CIIMCOK JIMTEPATYPbI

Utada A.S., Fernandez-Nieves A., Stone H.A., Weitz D.A. //
Phys. Rev. Lett. 2007. V. 99. No. 9. Art. No. 094502.

. Chen L., Yang C., Xiao Y. et al. // Mater. Today

Nano. 2021. V. 16. Art. No. 100136.

. Montanero J.M., Gandn—Calvo A.M. // Rep. Prog.

Phys. 2020. V. 83. No. 9. Art. No. 097001.

. Rosensweig R.E. Ferrohydrodynamics. N.Y.: Courier

Corporation, 2013. 368 p.

. Krakov M.S., Zakinyan A.R., Zakinyan A.A. //J. Fluid

Mech. 2021. V. 913. Art. No. A30.

. Berkovsky B., Bashtovoi V., Mikhalev V., Rex A. //

J. Magn. Magn. Mater. 1987. V. 65. No. 2—3. P. 239.

Sokolsky S.A., Solovyova A.Y., Zverev V.S. et al. //
J. Magn. Magn. Mater. 2021. V. 537. Art. No. 168169.

. Solovyova A.Y., Elfimova E.A., Ivanov A.O. // Phys.

Rev. E. 2021. V. 104. No. 6. Art. No. 064616.

Ivanov A.S., Pshenichnikov A.E, Khokhryakova C.A. etal. //
Phys. Fluids. 2021. V. 33. No. 11. Art. No. 112001.

Bakunsan A.A., beavix C.C., 3akunsn A.P., Epun K.B. //
Onr. xxypH. 2021. T. 88. Ne 3. C. 61; Zakinyan A.A., Be-
Iykh S.S., Zakinyan A.R., Yerin K.V. // J. Opt. Technol.
2021. V. 88. No. 3. P. 158.

boes M.JIL., lloaynun B.M., Panoaos I1.A. u dp. // I3B.
By30B. ®@u3. 2014. T. 57. Ne 10. C. 47; Boev M.L., Pol-
unin V.M., Ryapolov PA. et al. // Russ. Phys. J. 2014.
V. 57. No. 10. P. 1348.

Ryapolov P A., Sokolov E.A., Postnikov E.B. // J. Magn.
Magn. Mater. 2022. V. 549. Art. No. 169067.

Sokolov E., Vasilyeva A., Kalyuzhnaya D., Ryapolov P. //
AIP Advances. 2022. V. 12. No. 3. Art. No. 035333.
Baas S., Saggiomo V. // HardwareX. 2021. V. 10. Art.
No. €00219.

Gao Q.H., Zhang W.M., Zou H.X. et al. // Mater. Horiz.
2019. V. 6. No. 7. P. 1359.

Ge S., Nemiroski A., Mirica K.A. et al. // Angew. Chem.
Int. Ed. 2020. V. 59. No. 41. Art. No. 17810.

Gao Q., Yan H., Zou H. et al. // Sci. China Technol. Sci.
2020. V. 64. No. 1. P. 44.

Kitenbergs G., Tatulcenkovs A., Pukina L., Cebers A. //
Eur. Phys. J. E. 2018. V. 41. No. 11. P. 1.

Yu L., Shi Z.Z. // Lab Chip. 2015. V. 15. No. 7. P. 1642.
Sokolov E.A., Kalyuzhnaya D.A., Vasilyeva A.O.,
Ryapolov PA. // Proc. Conf. EIConRus (St. Petersburg,
2022) P. 1612.

Dynamics of multiphase magnetic fluid systems in microchannels of different shapes
in a nonhomogeneous magnetic field
P. A. Ryapolov* *, E. A. Sokolov*, E. V. Shel’deshova®, D. A. Kalyuzhnaya®, A. O. Vasilyeva“

¢ Southwest State University, Kursk, 305040 Russia
*e-mail: r-piter@yandex.ru

We presented the results of a study of the dynamics of gas bubbles injected into a ferrofluid under the influ-
ence of an inhomogeneous magnetic field in microchannels of five configurations. The dependences of bub-
ble sizes on the configuration of the magnetic field and the physical properties of the magnetic fluid are ob-
tained. The results obtained can be used in gas meters and dispensers in microfluidics.
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