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BrmonHeHO 3KcHepUMeHTabHOE HccilefoBaHne (OpMbI CBOOOMHOH MOBEPXHOCTM MAarHUTHOW >KUIKOCTH Ham
HOTPY>KCHHBIM B Hee c(epHyecKiM (eppoMarHUTHHIM TEJIOM B OJHOPOJHOM MAarHUTHOM IOJIe. YCTaHOBJICHO
BJIMSIHAE HAIIPABJICHUS W BEJIMYMHBl MarHUTHOTO TIOJI1 HA XapaKTEPHCTHKU Ae(opMary CBOOOMHOIN MOBEPXHOCTH
MAarHUTHOH HIKOCTU C PA3JINYHBIMA MarHUTHBIMU CBOMCTBAMHU U F€OMETPHYECKIMH MapaMeTPaMH.

BeepeHue

Wurepec K u3ydeHHIO (OPMBI [OBEPXHOCTH MAarHUTHON
’KIIKOCTH BBI3BaH B IIEPBYIO OYepe/lb BO3MOKHOCTBIO IIPAK-
THYECKOTO IIPUMEHEHHS ee B pPsjie TEeXHHYECKHX IIPUJIO-
KEHUH, 0OYCJIOBJICHHON CBOWCTBOM MAarHMTHOH KUIKOCTH
U3MEHATh (hOpMy CBOEl CBOOOJHOII IIOBEPXHOCTH IO Jeii-
CTBHEM MarHMUTHOTO IOJIsi. B 4acTHOCTH, 3TO CBOICTBO aeT
BO3MOYKHOCTb PEaJIM30BaTh YIPABJICHHE IPOLECCAMH TEILIO-
¥ MaccolepeHoca MpH 3aKajlke TBEPHBIX TeJ B MarHUTHON
KUAKOCTH [1], @ TaK)Ke MCMOIb30BaTh MATHUTHYIO JKHIKOCTD
B Pa3JIMYHOrO POJa BBHIKJIOYATENAX U KJIalaHaXx.

BHeceHHe HAMAarHMYMBAIOLICIOCS TeJida B  OJHOPOIHOE
MarHUTHOE I10J1¢ IPUBONUT K €r0 MCKAYKECHUIO W IIOSBJICHHIO
JIOKaJIbHBIX HeofgHopoxHocTell. Ecim Teno Haxomutes B
MAarHUTHON JKMIKOCTH, TO OOYCJIOBJICHHBIE WCKa)KCHHSMU
HEOJHOPOJHOCTH IOJI1 MOTYT HPHBECTH K U3MEHEHHIO (op-
Mbl ee CBOOOmHOW moBepxHOocTH. B [2] ycraHoBieHO, 4TO
OrpaHMYEHHBI 00beM MarHUTHOH KUIKOCTH PaciosiaraeTcst
HEPaBHOMEPHO Ha CTAaJIbHOM C(EePUIECKOM Tejie B OIHOPON-
HOM MarHUTHOM IIOJI€.

3agaua 0 (opMe MOBEPXHOCTH MArHHTHON YKHIKOCTH C
HOrPYXKEHHBIMH TeJIaMH Pa3jIMIHON (OPMBI PACCMOTPEHa B
psane pabot. TeopeTudeckoe M IKCHEPHUMEHTAJIBHOE HCCIIe-
noBaHus ieopMupoBaHUs GOPMBI TOBEPXHOCTH MarHUTHOM
KUIKOCTH C IIOMEIICHHBIM BHYTPb HaMarHMYHBAIOIIMMCS
IWIMHAPOM IO JeHCTBHEM BHEIIHEro OJHOPOIHOrOo Mar-
HUTHOTO MOJIsi BeosHeHH! B [3,4]. B paGotax [5-7] pac-
CMOTPEHBbI BOIMPOCH Ae(OPMHUPOBAHKS MMOBEPXHOCTH Mar-
HUTHOM UIKOCTH HaMarHWYMBAIOLIMMCS IIAPOM B OHOPOI-
HOM MarHUTHOM II0JIe, IpH4eM B [7] YCTaHOBJIEHO XOpO-
Iee COOTBETCTBUE TEOPETUYECKUX U DKCIICPHMEHTaIbHBIX
JaHHBIX.

B Hacrosimiei paboTe HpencTaBIeHbl HCCIISIOBAHUSA, OIH-
CHIBAIOIIE HEKOTOPBIE OCOOCHHOCTH (HOPMUPOBAHMS CBO-
OOMHOII MOBEPXHOCTH MAarHUTHBIX KUAKOCTEH Das3yIMYHON
HaMarHM4eHHOCTH BOKPYT c(eprUyeckoro (peppoMarHuTHOrO
Tesla, KOTOPbIE SIBUINCh PEe3y/IbTaTOM MPONODKEHHUs Hada-
THIX B [6] ncciienoBaHmii.
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3KCI1€pI/IMeHTaJ1bHaSI yCTaHOBKa

B skcnepuMmeHTe KOBETa C MarHUTHOH JKHUIKOCTBIO U
PAacIOIOKEHHBIM B HEll CTaJIbHBIM IIapOM MTOMEIAIAch B Off-
HOpOJHOE MarHuTHoe nosie karymek I'eapMrosbia. ®Popma
KIOBETHl — Mapauiestenmmesn pasmepom 81 x 82 mm. [wa-
METp CTajbHOro mapa — 6 mm. V3MepeHne amIuuTymbl
nepopmarmu Ah cBoGOIHOIT MOBEPXHOCTH HAI TEJIOM IIPO-
HW3BOIMAJIOCH MEKPOMETPOM C TOHKOW HEMarHUTHOU WIJIOH, a
Takke (GoToperucrpanyeil. 3a Ha4yaJl0 KOOPAMHAT MPHUHATA
TOYKa MOBEPXHOCTH KUIKOCTH B OTCYTCTBHE MAarHUTHOI'O
TI0JIs, KOTa BCS €€ IOBEPXHOCThb siBysAeTcsl Iutockoid. Ha-
OsofeHue 3a (opMoil MOBEPXHOCTH MAarHUTHOW >KHIKOCTH
MIPOM3BOMIIOCH TIPH Pa3JIMIHBIX 3HAYCHUSIX HAITPSKEHHOCTH
OTHOPOTHOTO MarHUTHOro mosii H, M3MeHeHme KOTOpOro
MOXHO CYMTaThb KBasucTaThHdeckuM. McxomHas TosmumHa
CJIOSI MATHATHOM JKUIOKOCTH h Hal TesIoM ompenesisiyiach pu
HanpsbkeHHOCTH MarHuTHoro nojii H = O kA/m u usmens-
JIach 3a CYET 3aIlOJIHEHUs KIOBETHI Pa3IMYHbIMH 00beMaMU
MarHUTHOH >KH/IKOCTH.

PaccMOTpeHBI HECKOJIBKO CiTydaeB HAIpaBJICHUS Mar-
HATHOro mojs. B mepBoM ciydae TrOpHU3OHTaJIbHOE Ha-
MIpaBJICHUE TIOJIS1 TapaIIeJIbHO MOBEPXHOCTU JKUIKOCTH.
Bo BTOpOM —- BEKTOp HAMpPSYKEHHOCTH MAarHUTHOTO IIOJIS
HaKJIOHEH K ropus3oHTy nop yryiom 30°. B TpeTeem citydae
HalpaBJICHAE TIOJII OBLJIO BEPTHUKAJIBHBIM, IEPICHINKYJISAP-
HBIM K [I€PBOHAYAJIbHO IJIOCKOH PaBHOBECHOH NMOBEPXHOCTH
MarHUTHOH >KHIKOCTH.

B skcrepuMmeHTax HMCHOIB30BAINCH MAarHUTHBIC KHIKO-
CTH Ha OCHOBe TpaHchopMaTopHoro macia MMTp-10,
MMTp-44 u xepocuna MK-27 u MK-51, cBoiicTBa KOTOpBIX
TIPE/ICTaBJICHB B TabJmIe.

I'opmsoHTaanoe MarHuTHoe none

Bo BHemHEM OHOPOTHOM MarHWTHOM mojie (opma Imo-
BEPXHOCTU HAKOCTH OIPEENACTCS HAJIUYHEM 30H JIO-
KaJIbHOI HEOOHOPONHOCTH IOJIi BOKPYr mapa. B ciydae


http://www.bntu.by

24

B.I" bawrosoii, A.A. Mouap, B.A. HanetoBa, A.I. Pexc

a
The body
Magnetic fluid
c
H
Magnetic fluid

H The body

Magnetic fluid

The body

Puc. 1. ®opma cBoOOIHOI MOBEPXHOCTH MAarHUTHOMN JKMIKOCTH HMPH YaCTHYHOM IHOTPYKEHHH 1apa B xunkocTb. H, kA/m:a — 0, b — 9.7,

c— 230.

TOPU30HTAJIPHOTO HAIPABJICHUS] MCKYKCHIE TIOJIST MIPOUCXO-
OUT TakuM o0pa3oM, 4TO Y TOPLEBBIX OTHOCUTEIBLHO IIOJIS
HOBepXHOCTell Iapa oOpas3yloTCs 30HBI ¢ MaKCHMAJIbHBIM
3HAYCHHEM TOJIs, & Y OOKOBBIX IMOBEPXHOCTEH 00pasyroTcs
30HBI €70 MUHAMYMa.

Ecmm HamMarHWYMBAIOIMICH [Iap YacTHYHO IIOTPY)KEH
B MATrHHTHYIO JKHIKOCTb, TO W3-32 WCK&)XCHUSI UM IIOJIS
MarHuTHasl *UIKOCTb MepeTeKaeT B 00JIaCTU ¢ MaKCHMMaJlb-
HBIM 3HAYCHUEM HAINPSHKEHHOCTH IOJIsl (TOPILIEBbIe 00IacTH
mapa). [Ipy 3TOM ypOBeHb JKHIKOCTH HafaeT B OOJIacTH
OOKOBBEIX IOBEPXHOCTEH Iapa, IIe Mojie MeHbIIe. JTOT (GakT
WUTIOCTpUpyeTcs cepuelt portorpaduii Ha puc. 1.

Ha pucyHke HampaBiieHHE TOPH30HTAJIHOTO TOJIS YKa-
3aHO CTpeJIKOil. B oTcyTCcTBHE MO HKUIKOCTH OCECUMMET-
PUYHO pacrosaraeTcsi BOKpYr Tesia (puc. 1,a), u ee mosepx-
HOCTb HE3HAUUTEJIbHO Ie(OpMHUPYETCS 32 CUST CMAYMBaHHUS
MOBEPXHOCTHU IIapa. B MarHUTHOM I0JIe TOBEPXHOCTD KU~

CBOICTBa MArHUTHHIX JKHIKOCTEH

CBolicTBa XKHIKOCTEU MMTp-44| MMTp-10

Kunkas ocHoBa TpanrchopmaropHOE Macao

HamaramyeHHOCTH 438 9.6
HachimeHus, Mg, KA/m

HauvaspHast MarHuTHas 2.7 0.1
BOCIIPUMMYHBOCTb, X0

InotHOCTS P , kg/m® 1400 1115
Koadpument nosepxaocTHOrO 28 30
HaTsDKeHus1 o, mN/m

Yros cmaunBaHus KIoBeTHl 0, deg 46 31
Yrost cmaunBanus Tena O, deg 46 31

KOCTH JIe()OPMHUPYETCS TaK, YTO JKUIAKOCTh HATEKAET Ha TOP-
neBble 00JIaCTH mMapa 1 o0pasyeT KPUBOJIMHEHHYIO IIOBEPX-
HOCTh CJIOXKHOI (opmbl (puc. 1,b). Ha GokoBoit moBepx-
HOCTH 1apa obOpasyeTcsl LEHTPaJIbHbIN KOJIbLIEBON CErMEHT,
HETIOKPBITHIA KUIKOCTBIO, & Ha IIOBEPXHOCTH KHIKOCTU B
aTOl obJslacTu 0OpasyloTca yriryosienus. C yBeludeHHEM
HAIIPHKEHHOCTH I0JIA aMIUIUTyAa AehOopMaliy XKHUIKOCTH
Ha TOPLIEBBIX MMOBEPXHOCTAX YBEJIMYMBACTCH, TAKXKE PacTeT
U pasMmep yriyOsieHnii y GOKOBBIX MOBepXHOCTel (puc. 1,¢).

Ecmu rirybuHa cJiosi KHIKOCTH paBHA AWAMETPY Iapa H
TOJIIIMHA CJIOST MATHUTHOM JKUIKOCTU Haj TesioM h = 0 mm,
TO Jake B HeOosbIMX Nosax mopsaka 1 kA/m Hag mapom
obpasyercst yriyosieHre, GpopMa KOTOPOro HeCUMMETPHYHA
OTHOCHTEJIBHO IEHTPAJIbHBIX oceil mapa (puc. 2,a). B Ha-
IIPaBJICHAN TOJIA JKUIOKOCTh HAaTeKaeT Ha TOpLEBbIE Kpas
mapa, OCTaBJAf IPH ITOM ILIEHTP €ro BEpLIMHBI OTKPBI-
TeIM. B momepedHoMm HampaBiieHUM B 001acTH OOKOBBIX
MOBEPXHOCTEH Imapa oOpasyloTcs 30HBl € IOHWKSHHBIM
ypoBHeM KHAKOCTH. [Ipu majbHelimeM yBeJIMYeHHH IIOJIS
nedopManusi MOBEPXHOCTH YCWIMBaeTcs, M YIJIyOsieHue
npuHnMaeT Gosiee cioxuylo ¢Gopmy (puc. 2,b). Kak u
B CJly4ae C IOapoM, HAIOJIOBUHY IIOKPBITBIM IKHIKOCTBIO,
BOKPYT' IIEHTPAJIbHOTO IMONEPEYHOro CerMeHTa odpasyercs
30Ha 0e3 YKUIKOCTH.

B cmydae morpyxeHus mapa ¢ 0Opa3oBaHHEM CJIOS
MarHUTHOW KHIKOCTH Haj HAM Tonmmuoi h > 0 B TO-
PHU30HTAJIBHOM MAarHUTHOM IIOJIe Haj IIapoM oOpasyercs
HECUMMETPHUYHOE YIUTyOJIeHHe, KaK ¥ B MPedbIIyLieM CIIy-
Yae. YBEJIMYCHNE HANPSHKEHHOCTH TOJIST IPUBOIUT K POCTY
aMIUTUTYABl fepopmanin Ah cBOOOTHON OBEPXHOCTH JKUI-
KOCTH HaJ TEJIOM.

Xapakrep nedopMHpOBaHHS MOBEPXHOCTH M TEMI H3-
MEHEHHs] aMIUTUTYbl ee aedopmarmu Ah npn M3MEeHeHUH

KypHan TexHuyeckon comsumku, 2015, Tom 85, Bbin. 10



(Dopma rMOBEePXHOCTU MarHUTHOUN XUAKOCTY Hag HaMarHU4YnBatoLLMCS LniapomMm B O4HOPOAHOM... 25

a b
Magnetic fluid The body Magnetic fluid
The body
H
H
Puc. 2. ®dopma cBOOOAHOI MOBEPXHOCTM MATHUTHOM JKMAKOCTH TIIPH IIOJIHOM IorpyxeHmu mapa: ¢ — H = 10.2kA/m,

b—H =23.9kA/m.

HaIPsHKEHHOCTH TI0JIS1 3aBUCUT OT MarHUTHBIX CBOMCTB JKUI-
KOCTH M MCXOIHOW TOJIMIMHBL h CJI0ST YKMIKOCTH Haj IapoM.

[Ipr MaJIBIX TOJMIMHAX CJI0S1 HAOJIIONACTCs TUIABHBIA Xa-
pakTep nedopMHUPOBaHUSI MOBEPXHOCTH: aMIUIUTYyla YriIyo-
JICHUs] MOHOTOHHO pacTeT C yBEJIWYSHUEM IO A0 TeX Iop,
[OKa HE CTaHEeT PaBHOMW TOJIIIMHE CJIOS KHAKOCTH, BEpIIHHA
mapa IpH 3TOM OKa3bIBaeTCsl OTKPHITOH. Ilpn yBenmmueHnn
TOJIIMHBL CJIOSl KMUAKOCTU Haj ILIApOM TeMI H3MEHEHHs
aMIUTITY/B ehOpPMAIH C POCTOM TIOJISI CHIDKAeTcst (puc. 3,
KpuBble 1151 kupkoctn MMTp-44, tommmasr cinost 2.1 u
3 mm). OGyCJIOBJIEHO 3TO TEM, YTO NPU OOJIbIICH TONIIMHE
HIOBEPXHOCTb JKUAKOCTU OKa3blBaeTcs B Oosiee ynaJeHHOMN
o0JIacT! OT Iapa, Iae MCKaXCHUsT MarHUTHOTO IOJIS OCJia-
6eBaroT.

YcraHoBIIeHO, YTO CylIeCTBYeT Takas TOJIIIMHA CJIOS JKHA-
KOCTH HaJl IIapoM, IPH MPEBBILICHUH KOTOPO MOXKET Mpo-
WCXOIUTb CKaYKOOOPa3HbI pasphIB CJIOS JKUIAKOCTH BIUIOTh
IO TOBEPXHOCTH 1apa. [y 9THX TOJIIMH CJI0s CYLECTBYeT
KPUTHYECKOe 3HAa4YeHHe HaNpsHKeHHOCTH MAarHUTHOTO IIO-
751 Herri, IPM KOTOPOM aMIUTUTYZA YTUTYOJICHUS] TIOBEpX-
HOCTU KU[KOCTU CKa4KOM CTaHOBUTCS PAaBHOIH TOJIIIHE

Ah, mm

| MMTp-10, /& (mm):

25F -u-2.1 MMTp-44, h (mm):
3 ’i* 2.9 —@-2.1 1
3.0} o °3 1
0 5 10 15 20 25

H, kA/m

Puc. 3. 3aBucummocts aMmmTydsl AepopMald IOBEPXHOCTH
MarHUTHO! YKUAKOCTH OT HANpPSHKCHHOCTH BHEUIHEI'O MAarHUTHOTO
OIS,
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ciosi (puc. 3, xpuBast miist xuakoctn MMTp-44, TonmmHa
ciost 3 mm). Hap mapom oGpa3yercst BepTUKAJIbHBL KaHaT
CJI0KHOH (hOPMBI, BUIOU3MEHSIOMUIICA ¢ POCTOM TOJIS.

IIpu oOpaTHOM HallpaBJICHUN U3MEHEHUS MOJI KaHaJl Haf
IIapoM HCYE3aeT TaKKe CKAYKoOOpasHO B MOMAX Herro,
MeHpmx Herr1. Ha puc. 3 pmna sxupxoctn MMTp-44
CIUTOLITHON CTPEJIKOM yKa3aHO HM3MCHEHHWE aMIUTUTYIBI Jie-
¢opmaimu Ah mpu yBeNMdYeHHH MOJNIsL, @ IPEPHIBUCTOIL
CTPEJIKOM — TpW yMeHbIICHHMH nosd. B obsactu moseit,
MeHbIIUX Her 2, 3aBUCHMOCTH aMILTUTYABI AehOpMaIiuu pu
MpsIMOM M 0OOpaTHOM XOi€ W3MEHEHHWsl IIOJII COBIIA/IAIOT,
T.€. TUCTepe3uc (OpPMBI OTCYTCTBYET. lmcTepesuc (Gopmel
TaK)Xe OTCYTCTBYET JIJIs1 MAJIBIX TOJIIIMH CJIOST YKMIKOCTU Hajl
IIapOM.

Taxkum o6pa3om, BUAHO, YTO B Auana3oHe nomieit oT Herro
mo Her;p mMeeT Mecto ructepesnc (GopMbl  CBOOOTHOM
MIOBEPXHOCTH, U €€ B 3aBUCHT OT HaIpaBJICHUs U3MEHEHHUS
TIOJIAL.

C yBeJIMYCHHEM TOJIIMHBL N yBeJIMYMBACTCS KPUTHYCCKOE
mose Herr1, PacTeT Takke M PasHOCTb KPUTHUYECKHUX IIO-
neit Herry ¥ Herr [7]

Ha puc. 3 nns cpaBHeHUs NPUBENEHBI XapaKTEPUCTUKU
nepOpMHUPOBAHUS [JIS1 JKAAKOCTEH C PAa3IMIHON Hamar-
HuueHHOCThIO MMTp-44 (Mg = 43.8kA/m) u MMTp-10
(Ms = 9.6 kA/m). Tepopmariusi MOBEPXHOCTH MPOUCXOIUT
ol AeUCTBHEM OOBEMHOH MarHuTHOM cuibl uoMgradH,
KOTOpas MPONOPINOHAIbHA HAMarHMIeHHOCTH KuaKocTr M.
IToaTomy npu ofHOI U TOH e HapPsSKEHHOCTH MarHUTHOT'O
MOJIsT aMIUTUTYyAa AeopMaly MOBEPXHOCTH MEHbBLIE Y
MKHUAKOCTH, 00J1aaomeil MeHbIIell HaMarHM4eHHOCTBIO.

Hna xunkoctu MMTp-10 ¢ manoil BemuMHON Hamar-
HUYeHHOCTH B oTymane or MMTp-44, obnamatomeir 6osee
CHJIbHBIMH MarHUTHBIMU CBOICTBaMHM, B [MaIla3oHE HCCJIe-
AdyeMbIX MarHuTHbIX mojieir 1o 30kA/m ckaukooOpasHbLi
pasphIB CJI0S JKUKOCTH He HabJmomaeTcs, rucrepesuc ¢op-
MBIl TIOBEPXHOCTH OTCYTCTBYeT. AMIumMTyfna aehopmanin
CBOOOIHO! OBEPXHOCTH KUAKOCTU MOHOTOHHO U3MEHSIETCS
¢ m3MeHeHueM Tosist. [lpu aToM ¢ yBenmueHWeM TOJIIIHEL
CJI0S1 KUJIKOCTH TEMI M3MEHEHUs! aMIUTUTYABl JehopMalu
TajacT.
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Puc. 4. ®oma moBepXHOCTH MATHUTHOW JKHAKOCTH B TOPU30HTAJIHHOM MArHUTHOM IOJIE Uil MarHUTHOM »xuakoctd MK-27. H, kA/m:
a—0,b—57,¢c— 841, d — 19.9; nis marautHO# *)unkoctd MK-51: e — 16, f — 21.8.

The body H

The body H

The body H

The body H

Puc. 5. ®opma moBepXHOCTH MATHUTHOW XMIKOCTH B HAKJIOHHOM MarHutHOM mose. H,kA/m: a — 16.7, b — 23, ¢ — 133, d — 21.7.

Hns Busyanmsanuu u3MeHeHHs (GopMbl CBOOOTHOH IO-
BEPXHOCTH B TOPU30HTAILHOM I10JI¢ OBLTA BBHITOJIHEHA CEPHS
SKCIIEPUMEHTOB ¢ HaMarHWYMBAIOLIMMCS MAPOM, IIOMEIIEH-
HEIM B Y3Kyl0 mejib pasmepoM 6 x 54mm. Ilap pasHo-
yOJeH OT TpaHell IIesu, MOITOMY B OTJIMYME OT CiIydas,
HCCJIEIOBAHHOTO B [6], KHAKOCTb HAXOMJIACh HE TOJIBKO
Haj ImapoM, HO u mox HuM. PoTorpaduu mis KumkocTeil
Ha ocHoBe kepocuHa MK-27 u MK-51 ¢ HaMarHu4eHHOCTbIO
HaCHIIeHUS cooTBeTCTBeHHO 27 M 51 kA/m mpencraBieHBI
Ha puc. 4. [yl NpuBEJCHHBIX HA PUCYHKE CUTyalllii MarHUT-
HOE TI0JIC HAIPaBJICHO BIOJIb IIEJIIL

Puc. 4,a-d wnmoctpupyer ¢opMy cBOOOTHOH HOBEpX-
Hocth xuakoctd MK-27, a e,f — ma xumkoctn MK-51,
oOstamaromeil Oosee CHUJIBHBIMA MarHUTHBIMU CBOICTBa-
mu. Ha a-c wm3o0paxkeH ciydail [y OuamasoHa IOJIeH
H < Herr1 10 pa3pbiBa IOBEPXHOCTH KUAKOCTU HAJ LIAPOM.
Dotorpadun d—f WILTIOCTPUPYIOT Pa3pbiB MOBEPXHOCTH Mar-

HUTHOM XHUAKOCTH B IOJISIX, NPEBBILAIOIMX KPUTUYECKOE
sHayenne H > Herqg.

VcraHoBiieHo, 4TO B mONsX, OOibmmx Herrp, mocie
00pa30BaHUs BO3AYLIHOIO KaHajla HAJ IIapoM NajibHelilee
nehopMUpOBaHUe OBEPXHOCTH MIPOUCXOOUT € 00pa3oBaHU-
€M BEPTHUKAJIbHOI KOJIBLIEBOI BO3MYLIHOM MOJIOCTH BOKPYT
mrapa. JTa MOoJIOCTh XOPOUIO BUAHA Ha puc. 4, f.

HaknoHHoe mMarHuTHoe none

B HakJIOHHOM MarHUTHOM TIIOJIE PAacCMOTPEHBI CIIydYaw
YaCTHYHOTO ¥ TIOJTHOTO MOTPYXKCHUSI HAMAarHNYMBAIOIMICTOCS
mapa B MarHUTHYIO JKHAKOCTb. B 3KcnepmMeHTax yros
HaKJIOHa BEKTOpa HANpPsHKEHHOCTH K TOPH30HTY COCTaB-
Jsa 30°.

®opMBl TOBEPXHOCTU KUAKOCTH B HAKJIOHHOM MarHUT-
HOM II0JIe TTOKa3aHwl Ha puc. 5. Ha puc. 5, a, b npencrasien
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CJTy4ail IPA YaCTUYHOM TIOTPYKEHHH [Iapa B KHAKOCTh. Kak
U B CJIyYae ¢ FOPU3OHTAJIBHBIM II0JIEM, JKHIKOCTh HATEKaeT
Ha IDap Ha TOPLEBBIX YYacTKaX €ro MOBEPXHOCTH B 00Jia-
cTsix 6ojiee CUIBHOIO MarHUTHOro nosist. [lpudem ¢ omHOM
CTOPOHBI IIapa YpPOBEHb JKUIKOCTH BHIIE M HAIIOMHHAET
(hopMy IpeOHS BOJIHBL.

C yBe/MYCHHEM HaNpPSHKCHHOCTH ot H 3TOT ydacTok
MOBEPXHOCTH TPaHCHOPMIPYETCs B HAKJIOHHBII ITUK KOHYCO-
o6pasHoit popmel (prc. 5, b). V3-3a HeHCTBHST CHIIBL TSDKECTH
Yrojl HakKJIOHA MUKa K TOPU30HTY HE3HAUYUTEJIbHO MEHBIIIe
yIJjla HakJIOHa HanpskeHHOCTH nosist H. B ob0actu 60KkoBbIX
MOBEPXHOCTEH Iapa o0pa3yloTcs YriTyOJieHHsl TOBEPXHOCTH
KHUIKOCTH CJIOKHOU (POPMBL

Hns ciaydasi, KOrga TeJlo TOJIHOCTBIO TIOKPBHITO JKU[I-
KOCTBIO, TIPH BKJIIOUYEHHUH TMOJISI IMOBEPXHOCTh HaJ IIapoM
nedopmupyeTcss 1 IpU HEKOTOPOM 3HAYCHUH HAIPSKEHHO-
cti H BepiimHa mapa CTaHOBUTCS OTKPBITOM, & YKUIKOCTb
HaTeKaeT Ha IIap BIOJIb MOJIS TaK JKe, KaK B MPEIbIIyHIeM
ciyqae (puc. 5,c¢,d). C pocrom BermumHbl mosst aedop-
Malysi IIOBEPXHOCTH YBEJIMYMBAIACh B HAINIPABJICHUH IIOJISL.
B nccnenyemom nmuanaszone noseit 1o 30 kA/m obpasoBanue
KOHYCOOOPAa3HOI0 M1Ka BIOJIb MO HE HAOIIONaIoCh.

BepTMKaanoe MarHUTHoe none

B BepTHKaJIbHOM OTHOPOJHOM IIOJIE B 3aBUCHMOCTH OT
TJTyOWHBI TTOTPY)KEHHUS [Iapa B MarHUTHYIO *KUIKOCTb M3Me-
HeHue GOPMBI ee TIOBEPXHOCTH UMEET Pa3JINYHbINA XapaKTep.

Ecmn miap HamoJIOBUHY TOTPYXEH B MAarHUTHYIO JKH-
KOCTb, TO MPH BKJIIOYEHUN BHEIHErO OHOPOIHOIO MarHWT-
HOT'O IOJISi BOKPYT HIapa oOpas3yeTrcsl KOJIbLieBas BOPOHKA,
TTyOMHA KOTOPOU YBEJIMYMBAETCSI C POCTOM IIOJIsT, IPH 3TOM
M3MEHSIETCs] BBICOTA CMaYMBaHHUs [Iapa YKUIKOCTBIO.

B ciryuae, Kora ci0ii KHUIKOCTH MOJHOCTBIO IIOKPHIBACT
ap, BEPTUKAIGHOE TOJie MPUBOTUT K IMOSIBJICHUIO BO3BBI-
IICHUS] KUIKOCTH Haj INapoM, NMPHYeM aMIUIATyda nedop-
Marmd Ah 1 ¢Gopma BO3BBIIICHUS] 3aBUCAT OT BEJIMYUHBI
nosst H. Tak, B [6] ycraHOBJICHO cymiectBoBaHue Hey g, mpu
IOCTIKEHHH KOTOPOTO MPOHUCXOMUT CKAaYKOOOPa3HO TpaHC-
(opmarisi popMbl BO3BBIILICHHUS OT TJIaAKOM chHepuaecKoil K
BEPTUKAIbHOMY IIHKY, IMEIOIEMY KOHycooOpasHyio (Gopmy.
[Ipu 3TOM CKOPOCTh M3MEHEHHST aMILTHTYIbI eopMaIyu ¢
pocToM TIOJIT pe3KOo Bo3pacTaeT. BermuamHa KPUTHYECKOTO
noist Herp pacrteT ¢ yBeNMYEHHWEM TOJIIMHBL CJIOSL JKUI-
koctu h. Xapakrepuctuku aehOpMUPOBAHUS TOBEPXHOCTH
KUIKOCTH B BEPTHKAIBHOM II0JIE€ OIHMCAHHI B [6,7).

Ilpu HEKOTOPOM KPUTHYECKOM 3HaueHuu mojisi Herp Ha
y4YacTKaX IOBEPXHOCTH JKUIKOCTH, YHAJICHHBIX OT Imapa,
pasBHBacTCsi HEYCTOWYMBOCTb, KOTOPAs BBIpAKACTCS CKad-
KOOOpa3HbIM TIOSIBJICHUEM CHCTEMBl IIMKOB Ha BCEW IIO-
BEPXHOCTU CJIOS1 XUAKOCTU. Kak OBUIO YCTaHOBJIGHO pa-
Hee (8], kpurmdeckoe mose Herp ompenessiercs: riyOuHON
cnost kuakocTh. OHO MOHOTOHHO YMEHBINAETCSl C POCTOM
IyOuHBI cJlod KUAKocTU. B nauamasone moseit H > Hero
OpU YBEJIMYCHUH II0JISI CKOPOCTb W3MEHEHUS] aMILTUTYJIBI
nedopManuy Haj IapoM 3aMefJIsIeTCSI.
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Puc. 6. 3aBucumocts kpuTHYeckux mojiedl it MMTp-44 ot
TOJILIMHBI CJIOS YKUAKOCTU HaJ| TEJIOM.

C pocToM TJIyOMHBI CJIOSI MKHAKOCTU PAcTET M TOJI[MHA
cnost h Han mapom. [ToBEpXHOCTD KHUIKOCTH OoJiee yaaaeHa
OT MIapa, COOTBETCTBEHHO BO3HUKAIOUIAE HEOIHOPOTHOCTU
TI0JIsi CTAHOBSITCSl MEHbINE. B pe3ysbrare BiMsIHUE TPHUCYT-
CTBUS Iapa B JKUIAKOCTH HA (POPMY MOBEPXHOCTH YKUIKOCTH
ociabeBaet, kputmdaeckue monst Herp  Herp cOmmkatorcst
U CTPeMATCS K KPUTHYECKOMY IIOJIO IUIS TOJICTOIO CJIOSi
JKHIKOCTH.

DKClepUMEHTAIbHbIE 3aBUCHMMOCTH KPUTUYECKHUX TOJICH
IUIS TIOBEPXHOCTHM MAarHuTHO# xumkoctu MMTp-44 Han
IapoM M BJAJM OT HEro OT TOJIIUHBL CJI0s1 Xuakoctu h
TIpE/ICTaBJICHB HA pHC. 6.

BbiBoAbI

PeBy.]'II)TaTbI HCCJIeJOBaHusA MMOKa3bIBAlOT, YTO B OQHOPOI-
HOM MAarfmMTHOM IIOJIE BOKPYT C(bepnqecxoro HaMaronviu-
BaIOLICrocd TEjla B PE3YJIbTATC NEPEPACIHPEACTICHUA IT0JIA
06p8.3y10TCH 30HBI JIOKAJIbHOW HEOOHOPOAHOCTH. ITomerne-
HME 3TOr0 Teja B IUIOCKMHA CJIOW MAarHUTHOM KUIKOCTHU
B OJHOPOAHOM MAarHWTHOM IIOJIE NPUBOAUT K z[e(bopMI/Ipo-
BaHUIO IJIOCKOM TIOBEPXHOCTHU KUAKOCTH. XapaKTepI/ICTI/IKI/I
Z[e(l)OpMI/IPOBaHI/IH TMOBEPXHOCTHU OIPEACIIAIOTCA BEJIMYMHOM
nu OpI/IeHTaI_II/ICfI MardiuTHOI'O I10JId.

Pabora BemonHena mnpu mnomaepxkke Ponma GyHna-
MEHTaJIbHBIX HccienoBanuil  PecnyOsmuku  bemapyce u
Poccuiickoro ¢oHma ¢QyHEAMEHTalIbHBIX HCCIICHOBaHUI
(rpanT Ne 14-01-90003).
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