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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHHUE
MATHUTOXUIKOCTHOI'O YIINIOTHEHUSA
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Benopycckuii nayuonanvhslil mexHuvecKull yHugepcumem

Hcnonb3oBaHre MarHUTHBIX SKUAKOCTEH ISt
repMeTH3aliK 3a30POB MEXIY MOJBIKHBIMHU Ya-
CTSMU YCTPOMCTB Ppa3IMYHOIO IpeAHA3HAUCHUS
SIBIIIETCS OJAHUM U3 HamOojee 3((EKTUBHBIX HX
npunoxxenuii [1, 2].

Hecmotpst Ha OoJbIIOE KOJIMYECTBO HCCIIENO-
BaHHUI CTATHYECKUX M TUHAMHUYECKUX XapaKTepu-
CTHK MarHUTOXXHJKOCTHBIX YIUIOTHEHUH, s/ CBS-
3aHHBIX C WX PabOTOil MpoOIeM ocTaeTcs Malo-
M3y4YeHHBIM. B 4acTHOCTH, 3TO KacaeTcsi KOJUIOH/I-
HOW MPHUPOABI MAaTHUTHBIX KHIKOCTEH M BIUSHUS
nporieccoB U y3ur OPOYHOBCKHX MATHUTHBIX
YacTUIl B HEW NoJA JEHCTBUEM HEOTIHOPOJIHOIO
MarHUTHOTO TIOJII MArHUTHOM CHCTeMBI YII-
JOTHEeHUs. B pesynbTrare 3THX MpOLECCOB MpPOHC-
XOJIMT TMOBBIIIICHHE KOHIIEHTPAIMK YacTHIl, a Clie-
JOBaTeNIbHO, W HAMarHWYCHHOCTH KHUIKOCTH
HETIOCPEACTBEHHO IIOA IMOJIOCOM B 00nacTu
HanOOJbIIEH HANPSHKEHHOCTH MAarHUTHOTO IIOJIS.
[lockonbKy ynepKUBaroImass MarHUTHYIO KHI-
KOCTb CHJIa MIPOTOPLUOHAIBFHA €€ HaMarHU4eHHO-
CTH, BCJIEJCTBHE YyKa3aHHBIX BBIIIE IPOIECCOB
I Qy3nun oHa IOHKHA BO3PACTaTh CO BPEMEHEM.
COOTBETCTBEHHO AOJDKEH BO3pacTaTb CO BpeMe-
HeM, IO KpailHel Mepe, B CTATUYECKOM COCTOSTHUU
Y yICPKUBAIOIIHH YIITOTHEHHEM TIepenaj JaBJICHUSL.

JaHHbIil BOTPOC SIBIAETCS MPEIMETOM 3KCIIe-
PUMEHTAJILHOTO U3YyY€HUsI B HACTOsLIEeH padoTe.

JKcnepuMeHT. B onucaHHBIX HIXKE DKCIIEpH-
MEHTaX OIpeJieNieHa BeNWYMHA KPUTHYECKOTO Iie-
penana JaBieHUs, T. €. MAaKCHUMAJbHOTO Ilepenana
JaBJICHUsI TI0 Pa3HbIe CTOPOHBI paboyero 3azopa
MXY nnsa paznuuHbIX reomMeTpuil nmomtoca. B co-
CTaB AKCIEPUMEHTANBHOTO cTeHa (puc. 1) Bxoau-
JU:  JJEKTPOABHraTelb, MAarHUTOXUIKOCTHOE
YIUIOTHEHUE, BaKyyMHBIH HAcOC, CO3JAI0IUI pa3-
pekeHue B paboueil kKaMepe MarHUTOXKUAKOCTHOTO
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ymiotaenns (MXKY), u Bakyymmerp. Kopmyc
YIUTOTHEHHUS M3TOTOBJICH U3 HEMarHUTHOTO CILTaBa
mapku 12X18H10T, a Banm m momioca — u3 cTa-
u 45. B xauecTBe UCTOYHMKOB MAarHUTHOTO OIS
WCTIONIb30BAIMCH KOJIBIIEBBIE (PEPPUTOBHIE MarHH-
Tb1 Mapku 2BbA. Ban umen nuametp 40 mm. B akc-
MEPUMEHTaX UCIOJb30BAIACh MAarHUTHAs >KHU[-
KOCTh Ha OCHOBE TpaHC(HOPMATOPHOTO Macia
C 4YacTUIIAMH MAarHeTHTa HaMarHWYEHHOCTHIO
41 xA/M. BennuuHbl 3a30pOB MEXIY ITOBEPXHO-
CThIO BaJla U mojtocoM pasusuiuch 0,15 0,2 u 0,3
MM. YTOJI 3aTOYKH Toiroca 3 cocrasisin 30°, 45°,
60°, 75°, a ¢opma BHYTpPEHHEH IOBEPXHOCTH IIO-
Jroca, OOpallleHHOM K Bally, UMella BUJI, TPEJICTaB-
JeHHbIN Ha puc. 1. UHAYKIUS MarHuTHOTO MOJIs B
3a30pe UMena BenuuuHy nopsaaka 1 Ti.

hopma Ne3

Puc. 1. brok-cxema crenna MXKVY: 1 — ymnotasemslii Bai; 2 —

Taxometp; 3 — kopmyc MXKY; 4 — momroc; 5 — mocTOSHHBII

Mar’ur; 6 — MccieayeMblil MON0C; 7 — pe3UHOBOE YIUIOTHE-

HUe; 8 — KpbllIKa; 9 — MarHuTHast *KUAKOcTh; 10 — BakyyMm-

MmeTp; 11 — BakyyMHbIi Hacoc; 12 — moqmunHuKy; 13 — amekT-
poxBHUTaTenh
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Ilonroca MarHUTHOM CHUCTEMBI IPEACTABISIOT
c000i1 CheMHBIE KOJIbLIA TOIIIUHOW 4 MM C pa3HbIM
IUaMETPOM BHYTPEHHETO OTBEPCTHS W DPa3HOH
(hopMoii 3aTOYKHK €ro TOpua. ITO MO3BOJISLIO MPO-
BOJIUTH DKCICPUMCHTHI TPU PA3IUYHBIX BEIUYH-
HaX 3a30pa MEXAy BaJOM U IOIIOCOM W Pa3sHOU
(hopMO#l TIOTIOCHBIX HAKOHCYHHKOB M Pa3HBIM yT-
JIOM MX 3aTOYKHA. B 3aBUCMMOCTH OT 3THX mMapa-
METPOB HW3MEHSUINCHh KOH(UTYpamus MarHUTHOTO
MoJis B 3a30p€ YIUIOTHEHHUS M COOTBETCTBEHHO
yAep>KMBaeMbIil IMU TIepena JaBJICHUs.

C nomo1IpI0 BaKyyMHOTO Hacoca ¢ OJHOU CTo-
POHBI YIUIOTHEHHS CO3[aBalioOCh PETyIUpyeMoe
paspexeHue, odecrieunBaroIiee nepenas IaBjicHus
B ymmotHeHud ot 0 1o 100 kIla. B sxcnepumenTax
M3MEPSIICS KPUTHUECKUH YAepKUBACMBIN Tepena
JaBlleHUs Ap,p, COOTBETCTBYIOIIMN MOMEHTY IIPO-
005 MarHUTOXHUIKOCTHOTO VIUIOTHEHUS. JKCIIe-
PUMEHTBI BBIIIOJIHEHBl MHOTOKPAaTHO, M OTHOCH-
TebHAS CTATHCTUYECKAsl MOTPEIIHOCTh U3MEPEHUN
coctaBmia =5 %.

3aBHCHMOCTh CTATHYECKOTO TMPEAeJTbHOI0
nmepenaja AaBJieHUsl OT BpeMeHHu. [l ompene-
JIeHWsI BIHSHUS TIepepaclpesieleHus] KOHICHTpa-
IIUY YaCTUI[ B MAarHUTHOW JKUIKOCTU Ha XapakKTe-
PUCTHKHU YIJIOTHEHHS 3a30p YIUIOTHCHHS 3aroli-
HSUICST MarHUTHOM JKHUAKOCTBIO W U3MeEpsuics
CTaTUYECKUI KPUTUYECKUN NIEpenay JaBIeHUs Py
HETIOJIBMYKHOM Bajie TIOCJe OIpe/IeIeHHbIX WHTEP-
BajioB BpemeHu (1, 2, 3, 4 4) HaXOXKACHUS KUIAKO-
CTH B 3a30pe. B skcnepuMenTe u3Mepsicss KpUTH-
YEeCKMH Iepenaj naBileHus Ap, OT BPEMEHH IS
MTOJTFOCOB ¢ yriamu 3aTouku B oT 30° mo 75° u 3a-
3opoMm z = 0,3 mMm. JlaHHBIE SKCTICPUMEHTA IIPEI-
CTaBJICHHI rpadukamMu Ha pUC. 2, KOTOPHIC IEMOH-
CTPUPYIOT MOHOTOHHBIN POCT KPUTHIECKOTO Tepe-
maja JaBIIGHUS CO BPEMEHEM M BBIXOJIOM €ro
Ha HACBHIIICHHE. DTO HACHIIIEHHE COOTBETCTBYET
YCTaHOBJICHUIO CTAallMOHAPHOTO PaCIpeeeHus
KOHIIEHTPAIIU MAarHUTHBIX YacTUIl B JKHIKOCTH.
B kadectBe pabodyeil KHUIKOCTH HCIOIL30BAIACH
MM,,-41. Takast 3aBUCHUMOCTBb Ap,, OT BPEMEHH
MOXXET OBITb OOBSCHEHA IIepEKOHIICHTpaITeit
(heppodazsl B MArHUTHOW KUJKOCTHU TOJ| JCHCTBH-
€M HEOJHOPOIHOTO MarHUTHOTO TIOJISI.

Jns mpoBepky ObUTH MTPOBEICHBI IKCIIEPUMEH-
ThI, KOTOpPbIC TO3BOJSIOT OOBSCHUTH H3MCHCHHC
Apyp, OT BpeMeHH. DKCIEPHUMEHT NPOBOJHIICS ClIe-
IyIOIUAM 00pa3oM: HCCIeAyeMBbId TOJIOC 3arod-
HSUICST MarHUTHOW JKUJIKOCTBIO, TOCJIE YEero Ball
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BBIZICP)KUBAJICS B CTaTHKE OINpPEIEICHHOE BpEMs.
3areM BaJ KpaTKOBPEMEHHO MPHUBOAMIICS BO Bpa-
IIeHHe ¥ OmATh ocTaHaBinuBajicsa. Cpasy mocie
OCTAHOBKM Bajia U3MEpPAIC Apy,. YCTaHOBIEHO,
YTO 3HAYCHUE YACPKUBAEMOTO Mepenaia 1aBIeHuUs
MPaKTHYECKH BO3BPAIIACTCS K HCXOAHOMY, COOT-
BETCTBYIOILIEMY HAa4yaJbHOMY MOMEHTY BpPEMEHH.
OTOT (aKkT XOpOLIO WILIIOCTPUPYETCS KPHUBBIMH
IUTSL YTII0B 3aTOYKH MONIFOCOB 45° 1 75° Ha puc. 2.
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Puc. 2. DxcnepuMeHTaJbHBIE 3aBUCUMOCTU KPUTHYECKOTO
nepenaia IaBjaeHus Ap,, B MArHUTOKHAKOCTHOM YIUIOTHEHUH
OT BpEeMEHU

ITonydenHsli pe3ynbTaT TMO3BOJISIET YTBEP-
KIaTh, YTO BpAIICHHWE Bajla MEpeMeliaeT MarHuT-
HBIC YACTHIIBI U BHIPABHUBACT X KOHICHTPAIIWIO B
00BeMe MarHUTHOM KUAKOCTH.

3a 4 9 CTAaTHYECKOTO COCTOSHUS YIUIOTHEHHS B
pe3yibTaTe IMepepaclpe/ic/icHuss KOHIICHTpaIuH
YaCTHIl B JKUAKOCTH HAOIIOMAETCS OXKHIAEMOe
YBEIMYEHNE KPUTHUYECKOTO Tepernaja aBiIeHHS
MOYTH B JIBa pasa.

Ecnu mocne »Toro Baj mBurarens MPUBOIAUTCS
BO BpallleHHE, TO BO3HUKAMOIIEe B OObEME Mar-
HUTHOMW KHJIKOCTH TCUCHHE UMEET CJICJICTBHEM €€
MepeMenIuBaHie W BHIPABHUBAHHWE KOHIICHTPAIUU
gacThll 1Mo o0beMy. V3MepeHHBI Mmociie KpaTKo-
BPEMEHHOI'O BpAIICHUs Bajla KPUTHUYECKUU Tepe-
Mmaji JaBICHUS TPU OCTAaHOBJICHHOM Balleé PEe3KO
YMEHBINIAETCS U CTAHOBUTCS MPAKTHYECKHA PABHBIM
TOMY IEPBOHAYAJILHOMY 3HAYCHHIO, KOTOPOE OH
VMeI TP 3alpaBKe YIUIOTHEHHUS MCXOJHOU OJTHO-
ponHON MarHuTHOM »kuakocThio. Ilocnme 3TOro
LUK TepepacrpesesieHuss KOHIEHTPAu YacTHLY
MTOBTOPSICTCA.

Taxum 006pa3om, BpalieHue Bajia 06ecreurnBaeT
paBHOMEpHOE pacIipe/le]IeHne YacTUI] B MarHUT-
HOM KHUJIKOCTH 10 ¢ 00beMy, HO B 3TOM ciydac B
NEefiCTBHE BCTYMAIOT BO3HUKAIOIINE B JKUIKOCTH
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CHJIBl MHEpPLUH, CTpeMsIIuecs OTOpBaTh 00BEM
JKUJIKOCTU OT Bpallarolerocs Baja. ITO MPUBOAUT
K TOMY, 9TO C POCTOM CKOPOCTH BpALIEHUs, a 3Ha-
YUT U JIMHEHHOW CKOPOCTH V MOBEPXHOCTH Baja,
KPUTHYECKUH Tepenan OaBleHHs B YIUIOTHEHUH
CHIDKaeTCs. DTOT (PakT HATJISATHO WILTIOCTPUPYETCS
rpadukamu Ha puc. 3.

0,2

0 4 8 12 16 4w 20

Puc. 3. 3aBUcuMOCTb Ap,, OT CKOPOCTH v Baia iMameTpom 40 Mm
JUTAL yTIia 3aT0UKK noioca 3 = 45° npu pasHbix 3a30pax z

3aBHCHMOCTh KPHUTHYECKOTO Iepernana JaBiie-
HUSI OT JJMHEWHOW CKOPOCTH BpAIllEHUs BaJla B UC-
CJIEJIOBAaHHOM JMAMa30HE CKOPOCTEH BpaIlCHUs
4-18 m/c XOpOoIIO OMHUCHIBAETCS JTHHEWHOW (hyHK-
1ueil, a yroi HaKJIOHA TPSMBIX Ha TaHHBIX rpadu-
KaX MPaKTHUYECKH HE 3aBUCUT OT BEIUYUHBI 3a30pa
yioTHeHus. Kak mokaszanu JanbHEHIIne ucclie-
TIOBAHUSA, ITOT YTOJ 3aBUCHUT OT (DOPMEBI TIOITFOCOB U
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yriaa ux 3atodku. ['paduku Ha puc. 3 Takxke jae-
MOHCTPUPYIOT CYILIECTBEHHOE BO3pPACTAaHUE KpU-
TUYECKOTO TIepernaja JaBIeHUs MPH yMEHbIICHUH
IIMPUHBI 3230pa B YIUTIOTHEHUH.

BbIBO [

[IpencraBneHHple  OKCIIEpPUMEHTAIBHBIE  pe-
3yJIbTaThl CBHUIETEIBCTBYIOT O CYLIECTBEHHOM
BIUSHUM TIPONIECCOB AU(PPY3MH W CBSI3aHHBIM C
HUMH TiepepacrpeiefiecHieM KOHIIEHTPaluu dYa-
CTHLl B MAarHUTHOHN >KUAKOCTH Ha CTaTHYECKHE Xa-
PaKTEePUCTUKYA MAarHUTOXXUAKOCTHOTO YIIOTHEHHS.
BcenenctBrue 3TMX MpOLECCOB KPUTHUYECKUHM mepe-
najg JaBJCHHUS, YACPKUBAEMBIA YIUIOTHEHHEM,
C TeUEeHHWEM BpPEMEHH MOXKET BO3PAacTH IMOYTH B
IBa pasza. Bpamenue Baia KOMIEHCHPYET O3TH
IMPOLCCChI U MPUBOAUT K IMPAKTUICCKU J'IHHCfIHOMy
CHIDKEHHIO KPUTHYECKOTO TIepernana JaBICHUS C
YBEIMYEHUEM CKOPOCTH Baja B HCCIEAOBaHHOM
JIara3oHe CKOPOCTe! BpaIIeHHS.

JUTEPATVYPA

1. bamroBoii, B. I'. Beenenue B TepMOMEXaHHMKY Mar-
HUTHBIX xunpkocreit / B. I'. bamrosoii, b. M. BepkoBckwuii,
A. H. Bucimosnu. — M.: UBTAH, 1985. - 188 c.

2. BepkoBckmii, b. M. Maruutssie sxuakocta / b. M. bep-
koBckuit, B. ®@. Mensenes, M. C. KpakoB. — M.: Xumus,
1989. — 240 c.

IMoctynuna 18.04.2006

53



	ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ  МАГНИТОЖИДКОСТНОГО УПЛОТНЕНИЯ
	Белорусский национальный технический университет
	В Ы В О Д
	Л И Т Е Р А Т У Р А






