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(57) M3o00perenue OTHOCUTES K 001ACTH TEXHUKH MATHUTHON aKTHBALMHU JKUAKOCTEH. MarHuTHas akTHBaLys
JKUJKOCTEH JUIS W3MEHEHMsI UX CTPYKTYpbl M (DU3MYECKHX CBOWCTB MOXET OBITh HCIOJIB30BaHA B
XUMHYECKoH, HedTemoOBatoel u HedrenepepadaTsBaOIe MPOMBIIIIEHHOCTH, TIPH IIPONU3BOJICTBE
0eTOHa M CTPOUTENBHBIX MaTepHalioB, B CHCTEMaX TEIUIOCHA0XKEHHS, B CEITbCKOM XO3IHCTBE, MEANIIMHE,
KOCMETOJIOTUH ¥ T.J. 3aJauaMy IMpeaaraeMoro M300peTeHus SBISIOTCS MOBBINICHUE 3()(EeKTHBHOCTH
U CHI)KEHHE pa3MepoB M Beca YCTpOIicTBa MIsi MAarHUTHOW aKTHBAaIMK XHUAKOCTeH. CyIIHOCTBH
M300peTeHNs 3aKJIIOYaeTCsl B TOM, YTO JUIS TTOBBIMICHUS d((PEKTUBHOCTH U CHIDKCHHUS Pa3MepoB M Beca
yCTpOﬁCTBa JIIA MarHUTHOM aKTHBaIlUHu )KHHKOCTeﬁ CHUCTEMA IMOCTOAHHBIX MAarHUTOB BBIINIOJIHCHA B BUC
TPEXMEPHON MaTpHUIBl MarHUTHBIX mapoB. Llaper coOuparoTcst B MaTpHIe ¢ MaKCHMaJIbHO BO3MOXKHOM
TUTOTHOH yIIaKOBKOH. B ceueHnn TpexMepHasi MarHATHas: MaTpyIia 00pa3yeT reKcaroHanbHyI0 CTPYKTYPY,
BIHMCAHHYIO B MEPUMETP CCUYCHUSA KaMEPbI MarHUTHOH AKTUBALlMU KUJAKOCTH, ITPU 3TOM YHCJIO CJIOCB,
00pa3yIomux MaTpHIly, COCTaBIsIET HE MeHee TpeX. Kakaplii MOoCIeqyIomuii Ciioil mocie mepBoro B
MaTpuIle MarHUTHBIX IIApOB COOCHO ITIOBEPHYT OTHOCHUTEIHHO IIPEIBIIYIIETO CIIOS MO OKPYXKHOCTH,
COCIUHSAIOIIEH LIEHTPbl YIVIOBBIX IIAPOB I'€KCATOHAJIBHOIO CEUEHUS, HA BEIIMYMHY, PaBHYIO PajuyCy
MarHUTHOTO IIapa, W BCE CIOW HOBEPHYTH B OJWHAKOBOM HAIPABICHUH, Onarozapsi 4eMy MarHHTHas
Marpulia IpHOOpeTaeT CriupaneBUIHyI0 GopMy, 61arogapsi KOTOPOH IIPOUCXOINUT 3aBUXPEHUE KUIKOCTH.
I'excaronanpHas YIaKOBKa HIapOB CUHUTACTCH caMOM IIJIOTHOM M3 BCEX M3BECTHBIX YIIaKOBOK.
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MIIK:C02F1/48

YCTPOMCTBO JJIsI MAT'HUTHOU AKTUBAIIMNA )KUJAKOCTEH

N300peTeHre OTHOCUTCA K O0JacTH TEXHUKHM MArHUTHOW aKTHBALUH
XKHUJTKOCTEH.

MarHuTHass aKkTHBaUUs >KMAKOCTEH MJii U3MEHEHUs HX CTPYKTYypbl H
(U3UYECKUX  CBOMCTB  MOXeT OBITh  WCHOJB30BaHA B  XHMHYECKOM,
HedTenoObIBatolieli W HedTenepepabaThiBalONIed MPOMBIIUIEHHOCTH, IIpH
IPOU3BOJICTBE O€TOHA U CTPOUTENIBHBIX MATEPUANIOB, B CUCTEMAaX TEIIOCHA0XKeHus,
B CEJIBCKOM XO034MCTBE, MEAULIMHE, KOCMETOJIOTUH U T.0.

MarsuTtHas akTUBalUs XKUAKOCTH OCYLIECTBISETCS ¢ IOMOIIBIO YCTPOUCTB,
B KOTOPBIX CO3/1a€TCsl MOIIHOE TNOCTOSHHOE WM TEepPeMeHHONW MarHuTHOE IIoJie
MOCPEICTBOM NPUMEHEHHS NMOCTOSHHBIX MarHUTOB WJIH 3JIEKTPOMAarHuToB. Boaa
IIPONYCKAETCsl 4Yepe3 MarHuTHoe [oJsie, Omarogaps 4YeMy IPOUCXOIUT
CTPYKTYpH3allusi BOABI, T.. YNOPAAOYSHHE MOJIEKYJ BOJABI M pa3pylleHHEe B HUX
KJIaCTepOB. MarHuTHbIe CBOMCTBA Pa3IMYHbBIX BEIIECTB 00YCIIOBIIEHEI BpaIlleHHEM
3JIEKTPOHOB Ha MX OpOMTax U BHYTPEHHHMM MOMEHTOM HX JIBHXXEHHUS (CIIHHOM).
NMeHHO OTO JOBHXXEHUE DJJEKTPOHOB U XapaKTEepU3yeT CBOEH BeTHYHHOMN
MarHUTHBIA MOMEHT.

BosneiicTBre MOIITHOrO MarHUTHOTO UMITYJIbCa Ha BEIIECTBO BHI3BIBAET B HEM
AepHO-MarHUTHBIA pe3oHaHc (SIMP). SIMP — pe3oHaHCHOe MOIJIOUIEHHE HITH
U3IyYEHHE DJICKTPOMArHUTHON 3HEPrUM BELIECTBOM, COAEpXKAILUM fAlpa C He
HYJIE€BbIM CIIMHOM BO BHEIIHEM MarHUTHOM I[IOJie, HA 4acToTe Vv (Ha3blBacMOU
yactorol SIMP), oOycrnoBineHHoe nepeopueHTaleii MarHUTHBIX MOMEHTOB SIJIEP.
[Ipy OTCYTCTBUM BHEIIHETO MAarHUTHOTO TOJISI, CIIMHBI U MarHUTHBIE MOMEHTEI
[IPOTOHOB OPHUEHTUPOBAaHBl XAOTUYECKU. ECIM MOMECTUTH NMPOTOH BO BHEIIHEE

MAaramTHOE IIOJIE, TO €ro MarHUTHBII MOMEHT 6YIICT oo COHAIIpaBJICH, 1160



MPOTHBOIIOJIOKHO HAIpaB/ieH MarHUTHOMY I10JIFO0, IPUYEM BO BTOPOM CIIydae €ro
sHeprus OyzaeT Bsiie /1/.

TakuM oOpa3oM, TIpH MPOXOKAESHUU KUIKOCTH Yepe3 MOILHOE MarHUTHOE
nojie, B aTOMAaX JKUAKOCTHA M BelIeCTBaX BO3HUKAET SIBJICHUE SIIEPHO-MarHUTHOTO
pe3oHaHca, YTO MPUBOIAUT K OPHUEHTHPOBAHHIO XAOTUYECKH OpPUEHTHUPOBAHHBIX
IIPOTOHOB B CTPOTO OPUEHTHPOBAHHOE COCTOSIHHUE.

Monekynsl OOBIMHOW TPHUPOAHON BOABI OOBEAMHSIIOTCS B IPYNIbl —
KJIacTephbl, pa3Mepbl KOTOPBIX MOTYT OBITH Pa3lIMYHBIMH U 3aBHCST OT MHOTUX
BHEIIIHUX YCJIOBHH — TEMIIEpaTyphl, JaBIE€HUS, HANPSKEHHOCTH MAarHUTHOTO IOJIS
¥ T.0. Hamuuuwe knacrepoB BiUsSeT Ha (U3UKO-XMMHYECKHE CBOMICTBA BOJbI, B
YaCTHOCTH, Ha €€ TOBEPXHOCTHOE HATSHKEHHE U CHUKEHHEM TEKy4ecTH /2/.

[Ipu BO3xAelcTBMM Ha BOAY MOIIHBIM MArHUTHBIM IOJEM TPOUCXOIUT
pa3pyllleHue KJIacTepoB, U3-3a Yero BOAa CTAHOBUTCS OJHOPOAHOMH, €€ TeKy4ecThb
yBEJIMUYMBAETCS, a MOBEPXHOCTHOE HATSHKeHHe CHIKaercs. B pesynbrare aToro,
NPOMCXOIUT CTPYKTYpPUPOBAHHE BOABI OT YPOBHS SIep aTOMOB, IO YPOBHS
UMEIOILIUXCS B BOJE MaKpPOMOJIEKYJ W MHMKPOYACTHI Pa3jIUYHBIX XHUMHUYECKUX
coequHeHuit. OOpasylomecs B BOJE LEHTPhl KPUCTAUIM3ALUU IIPUBOIAT K
CJIMIIAaHHWI0O MMKPOYACTHI] LIEJIOr0 pAAa COeNUHEHWH M cojeit B BoJe, KOTOpbIe
BBINAJAIOT B 0caIoK. Takum 06pa3oM, MPOUCXOAUT CYIIECTBEHHOE YMSITYEHHE BObI
U CHIDKEHHE ee IMOBEPXHOCTHOTO HATS)KEHHS, TOBBILIAETCS ee OUoJIorHyecKas u
XMUMHYECKasi akTHBHOCTE /3-5/.

Kpowme Toro, n3BectHo, 4TO CO3AaHHe BUXPEBOTO IIOTOKA BOABI TAKXKe BeChbMa
3¢ (GeKTUBHO paspylaeT KIacTepbl BOABI M TIOBBIIAST €€ JHEPreTUKy WU
OMONOTUYECKYI0 aKTUBHOCT. JTO CBOHCTBO MEXaHUYECKOTO BO3/ICHCTBUS Ha BOAY
UCTOJIB3YETCS B BUXPEBBIX MATHUTHBIX aKTHBATOpPaxX BOAbI /6-7/.

B To ke BpeMsi HM3BECTHO, YTO aKyCTHYEeCKOe BO3JEMCTBHE Ha BOAY Ha
yactoTe HH(Qpa3Byka CHOCOOCTBYET pa3pylICHHIO KJIacTepOB BOABI U €€
CTPYKTypUpOBaHHIO /8/.

N3BecTHO yCTPOMCTBO IJI aKTHBALIMK JKUIKOCTEH, BKIIOHAIOIIEee KOPILyC,

BXOJAHOW M BBIXOJHON NaTpyOKH, pa3sMEIIeHHYI0O B KOpPIIyce CIUpajb s
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MpPOTOKa XHUAKOCTH /6/. JKUAKOCTP MOCTynaeTr 4Yepe3 BXOAHOH mMarpyboK B
KOPIYC W ABHXXETCS IO CHUpaIM, NMPU 3TOM BO3HUKAET BUXPEBOH IIOTOK
KUAKOCTH, YTO NPUBOJUT K pa3pylIeHHIO KJIACTEPOB M CTPYKTYPHPOBAHUIO
KUIKOCTH.

HenoctaTkoMm JaHHOTO yCTPOHWCTBA SABIISIETCS HU3Kas 3P (HEeKTUBHOCTD, TaK
KaK JXHJKOCTb MOJABEPraeTcs TOJbKO MEXaHHYECKOMY BO3AEHCTBHIO, IIPH 3TOM
MOT'YT pa3pyllaTbcs TOJBKO OUEeHBb KpyIHEIE KJIacTepbl BOIBI, TOTAA KakK s
6oisiee 3pHeKTUBHOrO CTPYKTYpUpPOBaHUs BOJBI HEOOXOJIMMO BO3JEHCTBHE Ha
YPOBHE aTOMHBIX Siiep U MOJIEKYJSPHBIX CTPYKTYpP BOJABI, UTO JOCTHUTAeTCS
BO3/I€HCTBUEM Ha XUIKOCTH MOIIHOTO MarHUTHOTO TOJIS.

MN3BeCTHO yCTpOHMCTBO JJisi MarHMTHOW aKTHUBAlUM  JKUIKOCTEH,
BKJIIOYAOLIee KOPILYC, BXOJHON U BBIXOAHOW MaTpyOKH, HAXOSAIIYIOCS BHYTPH
KOpIlyca KaMepy MarHUTHOHM aKTHBallUU >XHAKOCTEeH, B KOTOpPOH pa3MelleHa
CHUCTE€Ma IIOCTOSIHHBIX MAarHuToB. MarHuTHas cHUCTeMa COCTOMT M3 JBYX
NOACUCTEM, PAacIOJ0XEHHBIX B HWIMHIPHYECKOM KOPITyce OIHOMMEHHEBIMHU
NOJIIOCaMU APYT K APYTY, IPH 3TOM KaXJas U3 MOICUCTEM HACHTHYHA APYroi 1
KaXJiasg COCTOUT U3 JBYX U 0oJiee MOCTOSHHBIX MarHUTOB KOJIBIEBOU (POPMBI,
o0palleHHbIX APYr K APYrYy pa3HOMMEHHBIMH IIOJIOCAaMH, MPHU 3TOM KOPIYC
UMeeT MONEepeYHbIii M0 OTHOLIEHUIO K €ro MPOJOJBHONH OCH Ia3, B KOTOPOM
MEXJy OJHOUMEHHBIMHU MONIOCAMH IBYX MATHUTHBIX MOJCHCTEM PacIONOXEeH
TpybompoBon /9/.

HegoctaTkoM AaHHOTO YCTpOMHCTBa SIBISETCS TO, YTO OTAEIbHBIE YaCTH
KUIKOCTH, NpPOXOAsllel uyepe3 TpyOOMpOBON, IOJABEPrarOTCS BO3JAEHCTBHUIO
MarHUTHOI'O NOJIsl HEPaBHOMEPHO. TO €CTh, COMPUKACAIOIIASCS HETIOCPECTBEHHO C
MarHUTHBIMA COOpKaMM 4acThb JKHMJIKOCTH TIOABEPraeTcsi MaKCHMAJIbHOMY
BO3/AE€HCTBUIO MAarHUTHOT'O TIOJIS, & YaCTH XUAKOCTH OTAAJICHHBIE OT IOBEPXHOCTH
M HaXOJAIIHecs NOCepefUHEe MEXIY NOCTOSHHBIMM MarHHTaMH IOJBEPraloTcs
MHHMMAaJIbHOMY [0 MHTEHCUBHOCTH BO3JEHCTBHIO MArHMTHOI ~ TIOJS. YYHTHIBa,
4YTO MarHMTHOE yMEHbIIaeTcs OOpaTHO MPOMOPLHOHAIBLHO KyOy pacCTOSHHA A0

MNOBCPXHOCTH MarHunTta, CHHXXCHHEC BO3/ICCTBUS MAarHUTHOTO MOJs Jaxe pH
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HE3HAYUTEIIbHOM YJalleHHH OyJeT CyIIeCTBEeHHbIM. Kpome Toro, B yCTpOHCTBe
KHMIKOCTb [BHXKETCSl IapajUIeJIbHBIM IIOTOKOM, YTO IIPEMSATCTBYET Pa3IUYHBIM
4acTsM JKHUJKOCTH IEpEeMELIUBaThCs B MOTOKE M MOJBEpPraThCs, OAHOBPEMEHHO,
MarHuTHOMY M BHOpOaKyCTHYECKOMY BO3NEHCTBHIO. JIpyrMMHM HeAOCTaTKaMH
YCTPOMCTBA SIBIsIETCS ero Oonblne pa3Mepsl, Oonbinoi Bec W HU3kui KI1JI, uro
CBSI3aHO C HEOOXOIMMOCTBIO HCIOJB30BAHUS IMOCTOSHHBIX MAarHUTOB OOJBIIMX
pa3MepoB, YTOOBI 00eCcTeYnTh TOCTATOUHO BBHICOKYI0 HHTEHCHBHOCTH MarHHTHOI'O
10711 BO BCeM 00beMe KOpITyca, 4epe3 KOTOPBIH MPOTEKaeT KUIKOCTE.

M3BecTHO yCTpOMCTBO [JiSI MAarHUTHOM aKTHBAllUH JKUJIKOCTEH,
BKJIIOYAOLIEe KOPIYC, BXOJAHON U BBIXOAHOW MaTpyOKH, HAXOAIIYIOCS BHYTPHU
KOpIyca KaMepy MarHUTHOM aKTHBallMM JXUAKOCTEH, B KOTOpO# pa3MmelleHa
CHCTEMA ITOCTOSHHBIX MAarHMTOB. B LMIMHApUYECKOM KOpITyce YCTpOMCTBa
pa3sMmellleHa MarHWTHas CHCTeMa M3 [apalielbHO PpacCIOJIOKEHHBIX COOpOK,
BBITNIOJIHEHHBIX B BUJIE psAJla YCTAHOBJIEHHBIX C 3a30paMHU MOCTOSSHHBIX MarHHTOB.
CO60pKH CUCTEMBI YCTaHOBJICHBI TApaJUIENIbHO OCH KOpITyca IO OJHOM Wi 6Gojee
KOHIIEHTPUYECKUM OKPYXHOCTSM BOKDPYT IEHTPaJIbHOM COOPKH W pa3ieieHBl B
pagMalbHOM  HAINpaBlI€HUU CHUCTEMBl KOAKCHAIBHBIMH  (peppOMarHUTHBIMU
neperopoaxkamu. Takum o6pa3om, B 3a30pax cOOpKHU pa3MeleHbl peppOMarHUTHEIE
IPUCTaBKM, 2 MarHUTHI B KaX/10i cOOpKe OPHEHTHUPOBAHBI MO OTHOILIEHHUIO APYT K
JApyry OJHOMMEHHBIMH IIOJIIOCAMU C obOeclieyeHHueM 4YepeloBaHHs OPHEHTAI[UH
IIEPBOI0 MarHuTa B Kaxkaoi c6opke kojbleBoro psaaa /10/.

HenocratkoM naHHOrO yCTpoOMCTBa SIBISETCA TO, YTO OTAEIbHBIE YaCTH
XKHMJIKOCTH, IIPOXOIAIIEN Yepe3 MarHUTHbIE COOPKH, MOABEPralOTCS BO3IEHCTBHIO
MarHMTHOIO NoJid HepaBHOMEpHO. To ecTh, conpuKacarmascsi HEMOCPEICTBEHHO C
MarHUTHBIMM COOpKaMM 4acTh JKHJKOCTH IOJBEPracTcsi MaKCUMAIbHOMY
BO3/IEHCTBUIO MarHUTHOTI'O MOJISi, & YACTU KUAKOCTH OTJAJIeHHbIE OT TTOBEPXHOCTH
U HaXOJSIIMECS IOCEpEAMHE MEXIY ITOCTOSHHBIMH MarHMTaMHU IMOABEPraroTCs
MHHHMAQJIbHOMY 110 MHT€HCHUBHOCTH BO3J€HCTBHIO MAarHUTHOTO MOJis. YUYHTHIBA,
4TO MardHUTHOE I10JI€ YMEHBIIAETCsl OOpaTHO MPONOPLHOHATIBHO KyOy pacCTOSHUS

A0 MOBCPXHOCTHU MAarHuTa, CHHXCHHE BO3}1€ﬁCTBPI5[ MarHMTHOTI'O IIOJIs OJaXKE IIPpH
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HEe3HAUUTEJIbHOM yaajleHuH Oyzaer cyumecTBeHHbIM. Kpome Toro, B ycTpoicTBe
’KMJIKOCTh JBMIKETCSl MapajUIeIbHBIM MOTOKOM, 4YTO MPENSTCTBYET Pa3IuYHbIM
4acTsAM JKUJIKOCTH NEPEMEIIMBATECS B MOTOKE M IMOABEPraThCs, OJHOBPEMEHHO,
MAarHUTHOMY M BHOpPOaKyCTHYECKOMY BO3ICHCTBHIO. JIpyruM HeZOCTaTKOM
YCTPOMCTBA SIBISAIOTCS €ro 0ombiIve pasmepsl U 0onbmoi Bec 1 Hu3kui KII/I, uro
CBS3aHO C €ro KOHCTPYKTHMBHBIMM OCOOEHHOCTSIMH, B YaCTHOCTH, C OOJIBIINM
YHCIIOM METAINTNYECKUX KOHCTPYKTUBHBIX 3JIEMEHTOB U HEOOXOIUMOCTbIO HATTHYUS
MHOKECTBa 3a30pOB MEXXly MarHUTHBIMU COOpKaMH, MarHUTaMH U [1€peropoaKamu.

HaubGonee Onu3kvM TEXHUYECKHM pEIICHHUEM SBISETCS YCTPOMCTBO NS
MarHMTHOM aKTHUBALUU XKUIKOCTH, BKIIFOYArOLIee KOPILYC, BXOJHOM U BBIXOJHON
naTpybku, Kamepy oOpa3oBaHHsi BHUXPEBOTO IIOTOKAa JKHUIKOCTH H
[10CJIeJ0BATEIbHO CBA3aHHYIO C Hell KaMepy MarHUTHOM aKTUBalLlMH )XUAKOCTEH,
B KOTOpPOM pa3MellleHa CHCTeMa IOCTOSIHHbIX MarHUTOB. JKHUIKOCTh BXOIUT B
YCTPOHCTBO 4epe3 BXOJAHOH maTpyOOK M HomagaeT B BUXPEBYIO KaMepy, rie
IOABEPraeTCsl 3aBUXPEHMIO, IOCJIE Yero >KUJIKOCTh I[OCTyNmaeT B Kamepy
MarHUTHOM aKTUBAalUMUHM BOJABI, T€ MOJBEPraercsi BO3AEHCTBUIO MarHUTHOTO
H0JISl IOCTOSIHHBIX MarHUTOB, B pe3yJbTaTe Yero MOBHIMIaeTCs 3QPEKTHBHOCTD
MarHUTHOM aKTHBalUU XUAKOCTH. Takum oOpa3oM, KUAKOCTh IOIBEpPraeTcs
NIOCJIe0BAaTENbHO BO3IAEUCTBUIO IBYX (U3UUYECKUX (PAKTOPOB: 3aBUXPEHUIO H
MarHuTHOM akTuBanuu /7/.

HenoctaTkoM [aHHOTO YyCTpOHCTBO SBJISE€TCS TO, YTO IKHUIKOCTH
IOCJIEA0OBATENBHO NMPOXOAUT JBa pa3HBIX YCTPOWCTBA, Ka)XJ0€ H3 KOTOPHIX
BO3JEHCTBYET Ha HEEe HE3aBUCHUMO. OJTO, C OAHOW CTOPOHBI, YBEIHYHBaET
pasMepbl U BeC YCTPOWCTBA, a C APYroll CTOPOHBI CHHXa>T 3(P¢EKTUBHOCTH
aKTUBaUMU BOJBl, TaK KaK MarHuMTHas W BHUXpeBas aKTUBaLMS BOJABl HE
IIPOUCXOAHUT OJHOBPEMEHHO.

3ajauell  MpeanonaraeMoro  W300peTeHusT  SABISETCS  IIOBBIIICHHE
3Q(EKTUBHOCTH U CHIDKEHHE pa3MEpOB M Beca YCTPOHCTBA IS MarHUTHOM

aKTHUBAaLlMH XUJKOCTEH.



IlocraBneHHas 3ajada pellaercs TEM, YTO B YCTPOWCTBE IJiS MarHUTHOMH
aKTHBaLIMU )XUIKOCTH, BKJIOYAlollee KOPIyC, BXOOQHOW U BBIXOIHOM MaTpyOKH,
HaxoJSIIYyIOCs BHYTPHU KOpIlyca KaMepy MarHMTHOW aKTUBAIlUH XXHIKOCTEH, B
KOTOpPOM pa3MellleHa CUCTeMa [OCTOSHHBIX MAarHuTOB, TAe COIJIacHO
N300pETEHHUIO, CUCTEMA [TOCTOSIHHBIX MarHUTOB BHINIOJIHEHA B BUJIE TPEXMEPHOM
MaTpUIIbl U3 MarHUTHHIX IIapOB, KOTOpas B CEUeHUU 00pa3yeT rekcaroHaJbHYyIO
CTPYKTYpPY, BIIMCAHHYIO B IIEPUMETP CEUEHUS KaMepbl MarHUTHOW aKTHBAIlHU
XKHUJIKOCTH, IIPU 3TOM YHUCJIO CIOEB 00pa3yoUIUX MAaTPHUILy COCTABISIOT HE MEHEE
TpeX; e COrJacHO H300peTeHHIo, KaXAbIi
[IOCJIEAYIOIIMM CIIOW MOCie NMEepPBOro, B MaTpuile MarHUTHBIX HIAPOB, COOCHO
IIOBEPHYT OTHOCHUTENIBHO MPEABIAYIIETO CJIOS MO OKPYKHOCTH, COCAUHSIOUTHAN
HEHTPHl YIVIOBBIX IIAPOB T'€KCArOHAJIBHOIO CEYEHMs, Ha BEJIMYHHY, PaBHYIO
paguycy MAarHUuTHOTO mapav M BCE CJIOM NOBEPHYTHI B OJHWHAKOBOM
HalpaBJIEHUHU, [IpU 3TOM HAa BXOJAHOM MU BBIXOJHOM MaTpyOKaX yCTaHaBIHUBAIOT
OrpaHUYHUTEJIbHbIE CETKH, pa3MepHl SUeeK KOTOPBIX MEHbIIE AHaMeTpa IIapoB.

CymHocTs u300peTeHHs] 3aKJIo4YaeTcs B TOM, YTO JUIS  ITOBBIIIEHHS
3pPEKTUBHOCTH W CHIDKCHHS pPa3MEpPOB M Beca YCTPOMCTBA IS MAarHUTHOM
aKTHBALlUU XUIKOCTEH, CHUCTEMa IIOCTOSHHBIX MarHUTOB BBHIMOJIHEHA B BHUJE
TPEXMEpPHOM MaTpHUllbl MarHuTHbIX mapoB. lllapsl cobuparoTcs B Marpuie ¢
MaKCHMajbHO BO3MOXHOM INIOTHOM ymakoBKoW. B cedyenuu, tpexmepnHas
MarHuTHas MaTpula o0pa3yeT I'eKCaroHajJbHYIO CTPYKTYpPY, BIIHCAHHYIO B
NEPUMETP CEYEHHs] KaMepbl MATHUTHOM aKTHBAIMH XUJIKOCTH, IIPH 3TOM YHUCJIO
cloeB oOpa3ylolUX MAaTpHULY COCTaBliSeT He MeHee TpeX. [ eKcaroHajibHas
yIaKoBKa IapOB CYUTAETC CaMOM NIJIOTHOM U3 BCeX U3BECTHBIX YIIakoBoK /11/.

Takum 06pazom, MakCHMalbHO IUIOTHas yIaKOBKa MarHUTHBIX IApPOB,
obecrnieynBaeT MPOXOXKACHHE J>KUIAKOCTH Uepe3 3a30pbl MEXAY I[IapaMH B
TPEXMEPHOM MaTpulle Ha MHHHMAlIbHOM pPAacCTOSHHUH OT HOBEPXHOCTHU
MarHMTHBIX 1HapoB. OTO obecnedyrBaeT Hanbojiee HHTEHCUBHOE BO3ACHCTBHE Ha

KHUJIKOCTh MAarHuTHOTI'O I1OJIA.



Kax bl nocnenyomun cioi, nocie nepBoro, B TpeXMEepHOH MaTpulie
MarHUTHBIX IIAPOB, COOCHO MOBEPHYT OTHOCUTEIBHO NMPEABIAYIIEro CJIOS IO
OKPYXHOCTH, COECHUHSIOLIEN LEHTPhl YIVIOBBIX IIapOB B TeKCaroHaJbHOM
CEYEeHHUM MAaTpHULbl, Ha BEJMYMHY, PABHYIO paIuyCy MarHUTHOTrO IIapa W Bce
CIOM TOBEpPHYTHl B OJWHAKOBOM HampaBiieHHWH. Takasg cOOpka MarHMTHBIX
IIapOB MO3BOJISIET NPUJATh TPEXMEPHOH MaTpHIle CIUpaieBUIHYIO GopMy, IpH
3TOM, CUCTEMa 3a30pOB MEXJy LIapaMu Takxe o0paszyeT CIupalb, 10 KOTOPOi
IBUKETCS JKUAKOCTb. JIBM)KE€HHE >MXUIKOCTH IO CIHUpald CIOCOOCTBYET ee
Haujly4lieMy CTPyKTypHUpoBaHUIO /6,7/, mpu »>TOM BO3HUKaeT 3¢deKT
[HayGeprepa /12/, xorma mnpu BpalleHHWH KHAKOCTH YMEHBIIAETCs]
IHJIPABIMYECKOE  CONPOTUBJIEHHE, 4YTO CIOCOOCTBYeT Oosee  ObICTpoMY
MPOXOXKACHHUIO JKUKOCTH Yepe3 CeUeHUE TPEXMEPHOI MaTpPHIIbI.

Bo BpeMs npoxoxaeHHUs IKUIAKOCTH uepe3 3a30pbl MeXIy IIapami,
NPOUCXOUT NEPUOANHECKOE YBEIIMYEHHE U YMEHbLIEHUE CeYeHHs U o0beMa 3a30pa
OT CJIOSl K CJIOI0 Ha MyTH MOTOKA >XKUAKOCTH. DTO NMPUBOJAUT K TNEPEMEHHOMY
MU3MEHEHUIO NaBJIEHUsl >KUJKOCTH Ha 4acTtoTe WH(ppasByka, 4To obecrevynBaeT
HauJIy4llee CTPYKTYpUpOBaHHE KUAKOCTU U paspylueHue kinactepos /8/. C npyroii
CTOPOHBI, [EPEMEHHOE HM3MEHEHHE CEUYEeHUs 3a30pOB MeXAy MIapaMH, Ha MyTH
MOTOKA XUAKOCTH, [TPUBOAUT K HauboJbllel TypOyIeHTHOCTH, YTO 0becrieYruBaeT
Jy4Yllee CMEIMBAaHUE PA3IMYHbIX YacTel KUAKOCTH W MOBBIIT22T 3 (HEKTHBHOCTE
ee CTPYKTYPUPOBaHUSI U MArHUTHON 00pabOTKH.

IIpyn NpoxoxKAeHNUHU )XUIKOCTH Yepe3 TPEXMEPHYIO MArHUTHYIO MaTpHILY, OHA
IO BEPraeTcs 3HaKONEePEMEHHBIM rapMOHHYECKHM KOJIEOAHUSAM MarHUTHOTO ITOJIA,
YTO II03BOJIAET MOBBICUTH 3(PPEKTUBHOCTh BO30OYXIEHHUS sIEPHO-MArHUTHOI'O
pe3oHaHCa B sAApax AaTOMOB JKUAKOCTH. JTO, B CBOIO OYepeldb, NOBHIIIAET
3¢ (eKTUBHOCTh MArHUTHOM aKTUBAIMH KHIKOCTH.

Hns mpenotBpaiieHus AedopMalil TPEXMEPHON MATPHUIbl UJTH BbINAIEHUs
M3 Hee LIApoB I10J AABJIEHUEM U B pe3ysbTare TypOyJIeHTHOCTH XXUIKOCTH, Ha
BXOJIHOM ¥ BbIXOJHOM NaTpyOKax yCTaHOBJIEHbl OTPaHUUNTENbHbIE CETKH, pa3Mephl

AYCCK KOTOPbIX MEHbLLUEC pasMEpPOB LIapoOB.
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PazMepbl cioeB M CKOpPOCTb MOTOKA MXUIAKOCTH ONPENENSIOT YacTOTy
BO3JIEHCTBUS 3HAKOMEPEMEHHBIX KoJeOaHWi MarHUTHOTO TIOJiS MAaTpHIBl Ha
XuaKocTb. TakuMm o0pa3oM, BapbUpys pa3MepaMH IIapOB U CKOPOCTBHIO TEUEHHS
XKHUAKOCTH, MOXHO JOOWUTHCS ONTUMAIBHBIX 3HA4eHUH dYacTOTHI KoJjeOaHMi
MarHUTHOTO MOJIA.

Hanpumep, eciu npu anvHe TpexMmepHoit Matpuilsl 10 cM, B cOopke Oymer
20 cnoeB, oM co3manyT 10 3HaKONEpEeMEHHBIX MOJHONEPUOAHBIX ILHKIIOB
KojieOaHuii MarHUTHOTO moJs. TakuM oOpa3oM, MpU CKOPOCTH TedeHus 1 MeTp B
CeKYHIy, XHAKOCTb OYyIeT MOABEprarbCcs TapMOHUYECKHM 3HAKOIepeMEHHBIM
Kojie0aHMsIM MarHuTHOTO ToJIs ¢ yacToToi 10 repir.

IIpy HeoOXOAMMOCTH YBEIUYEHUS MPOU3BOAUTEIBPHOCTH YCTPOMNCTBA,
YBEJIMYMBAIOT COOTBETCTBEHHO pa3Mepbl KOpIyca: IUIOIAAb CEYEHHs U IJIUHY
KaMepbl MarHUTHOM aKTHBaUMH JKUAKOCTA. B 3TOM ciydae, copa3sMepHO
YBEJIMYUBAIOT JHaMETPbl MAarHUTHBIX IIAPOB TaKUM 00pa3oM, UYTOOBI B CEUEHUH
yIIaKOBKa MArHUTHBIX WIapoB oOOpa3oBajla TI'eKCAaroHaJIbHYIO CTPYKTYypy. Ilpwm
yMeHLmeHm/I IIPOU3BOAUTENBHOCTH YCTPOWCTBA, COOTBETCTBEHHO, YMEHBIIAIOT
pa3Mepnl KamMepbl MarHUTHOW aKTUBALIMM XUIAKOCTH M COPa3MEPHO YMEHBIIAIOT
JMaMeTpbl MATHUTHBIX 1IAPOB B MaTpHIIE.

Ha ¢ur.1. noka3zana cxema ycTpoicTBa JJIsi MArHUTHOM aKTHBALIMK KHIKOCTH
B paspese. Kopnyc 1, BRINOJIHEHHBIH W3 HEMAarHUTHOTO MaTepHralia MMEET BXOTHOM
2 U BeIXOAHOM 3 maTpyOku. B kaMepe MarHUTHON aKTHBALMHM >XHUJIKOCTH 4
pa3MellleHa TpexXMepHasi MarHUTHasE MaTpHlla 5 cocTosIas U3 MIOTHOH YIaKOBKH
MarHUTHBIX IIApOB, IIpU 3TOM B CEYCHHWHM MAarHUTHAs MaTpHUIla HMeeT
FeKCarOHAJIbHYIO CTPYKTYpPY, @ Ha BXOJIHOM M BBIXOJHOM MaTpyOKe YCTaHOBJIEHBI
OrpaHHYUTENBHBIE CETKH 6. B pe3ynbrare TOro, 4To KaXkaplii MOCIEAYIOMUH CIIOH,
Iocjie IepBOro, B MaTpUlLle MAarHUTHBIX [ApOB, COOCHO NOBEPHYT
OTHOCHUTEIIBHO MNPEABIAYLIErO CIOS MO OKPYXHOCTH, COCAUHSIONINH LIEHTPHI
YTJIOBBIX IIAPOB IE€KCAarOHAJIBHOI'O CEYEHHUs, Ha BEJIUYHHY, PABHYIO paguycy
MarHUTHOrO IIapa H BCE CJIOU MOBEPHYTHl B OJMHAKOBOM HAIpPaBICHUH,

yIaKOBKa IIapoB NpUOOpeTaeT ChupaleBUAHYIO (GopMy BIOIB OCH MaTPHIIHL.
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OT0 xopowo BUAHO Oynaromaps npsiMmoiit D, npoBeeHHOH uepe3 LEeHTPHI IapoB
10 AMAroHaju pa3pe3a MaTpHUILIbL.

Ha ¢ur.2. a) u b) nmokasaHo rexcaroHajlbHO€ pa3MeIleHHEe MarHUTHBIX
IIapOB B CEYEHHMHM TpEeXMepHOM MarHUTHOW MaTpuusl. Ha ¢ur 2 a) mokaszan
IIOBOPOT BTOPOI'O CJIOSI TPEXMEPHOM MarHUTHOM MaTpullel L. OTHOCHUTETBHO
nepsoro cinos K. Kak BugHo u3 ¢ur.2. a), Bropoit cinoii L coocHO moBepHYT
OTHOCHUTENIBHO IiepBoro ciosi K mo OKpyXHOCTH, COeAMHSAIOUIEH LEeHTPHI
YIJIOBBIX IIapPOB I'€KCAarOHAJIBHOTO CEYECHHUS, Ha BEIMYHMHY, PaBHYIO paguycy
MarHMTHOIO 1apa I, YIJIOBOHM IIap ¢ LIEHTPOM B TOUKe A 3aHUI IOJIOXKEHHE C
LeHTpoM B Touke B. Ha ¢ur.2. b) nokazan oOuuii BUI TpeXMepHOH MarHUTHOM
MaTpHIbl ¢ TOpLA, COCTOSIEH U3 TpeX cioeB — nepporo cios K, Broporo cinos
L u tperbero cnos M.

YerpoiictBo pabotaer ciepyomuMm obpasoM. JKHAKOCTh TOJaercs BO
BXOJHOM maTtpyOok 2 Kopiyca 1 U HNpOXOIOUT Yepe3 OTPaHHYHTENBHYIO CETKY 6
nomnajasl B KaMepy MarHuTHoi oOpaboTku Boabl 4. 3areM, XKUAKOCTh MPOXOIUT
yepe3 CIUPAIEBUIHYIO CUCTEMY 3a30pOB TPEXMEPHOW MarHUTHOH MATPHIIBI 5, re
NOJABEPraeTCs BO3ACHCTBUIO MOIIHOIO 3HAKONEPEMEHHOTO Mal'HUTHOTO IOJIA B
COBOKYITHOCTH C BUXPEBBIM IIOTOKOM M BBICOKOH TypOyJeHTHOCThIO. B mporecce
IPOXOXACHHUS 4Yepe3 3a30pbl TPEXMEPHONM MArHUTHOM MaTpUIBl KHIKOCTh
IPOXOIUT Yepe3 NEPUOAUIECKH U3MEHSIOLMECS B CEUeHUH  00beMe 3a30pEhl, UTo
BBI3BIBACT KOJIEOAaHUs AaBJIEHUS )KUIKOCTH C YaCTOTOH MH(Ppa3BYyKa, YTO YCUITHBAET
3p(eKT CTPYKTYpHUpOBaHHS IKHIKOCTH U pas3pylleHHs KiacTepoB. Ilocie
TIPOXOXKJEHU Yepe3 TPEXMEPHYIO MAarHUTHYIO MATPHILY XHUIKOCTh IPOXOIUT Yepe3
OIrPaHUYUTENBHYIO CeTKY 6 U BBIXOAWT Yepe3 BEIXOAHOM MaTpyook 3.

Takum o00Opa3oM, B JaHHOM YCTPOWCTBE JKUAKOCTh OJHOBPEMEHHO
[OJBEPraeTCs YEThIPEM THUIIAM BO3JEHCTBHS, COCOOCTBYIOIIMM €€ MaKCHMAJIbHO
5QPeKTUBHON MarHUTHON aKTHBAlMU W CTPYKTYPHPOBAHHIO: 3HAKOIIEPEMEHHOIO
MarHMUTHOrO TMoJjs; BuXpeBoro notoka (d¢ddext IllayGeprepa); BBICOKOI
TypOYJE€HTHOCTH, YTO OO0ECNeYHnBaeT XOPOLIYI0 CMEIIHBAEMOCTh BCEX CIIOEB

KUAKOCTH; MH(Pa3BYKOBOMY BO3AEHCTBHUIO, pa3pyIalONIeMy KJIaCTEPHI.
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POPMYJA U3OBPETEHN A

YCTpOHCTBO 1711 MarHUTHOM aKTHUBAllMK JKHIKOCTH, BKJIIOYAIOIIEe
KOPIYyC, BXOJHOW M BBIXOJHON NaTpyOKM, HaxoASALIyIOCS BHYTPH KopIyca
KaMepy MarHHTHOW aKTHBAlUWH XHUJKOCTEH, B KOTOPOH pa3sMelleHa CHCTeMa
noctossHHbIX MarHuToB, O TJI MU Y A 1O Il 1 E C S Ttem, uTto cucrema
IOCTOSHHBIX MAarHUTOB BBINIOJHEHA B BHJE TPEXMEpPHOM MaTpUIBl W3
MAarHMTHBIX IIapOB, KOTOPas B CEUCHHH 00pa3yeT reKCaroHaJlbHYIO0 CTPYKTYpY,
BIIHCAHHYIO B IIEPUMETP CEUECHHUS KaMepbl MAarHUTHOW aKTHUBALMH XXUJIKOCTH,
IIPY 3TOM YHCJIO CIOEB 00pa3yoIUX MaTPUILY COCTABISAIOT HE MeHee TPeX.

Yerpoiicteo o n.l. O TJI MU Y A 1O LI E E C 5 TeMm, 4TO Kaxablii
HOCJEAYIOUIMM CIOHM IOCIe MEepBOro, B MaTpUlle MAarHUTHBIX IHApPOB, COOCHO
IIOBEPHYT OTHOCHUTEJBHO NPEbIAYILIEro CI0s MO0 OKPYKHOCTH, COeTUHSIOIIEH
LEHTPBl YIVIOBBIX [IApOB IEKCAroOHaJbHOTO CEYEHHs, Ha BEJIUYHUHY, PaBHYIO
paguyCy MarHMTHOTO Liapa U BCE CJIOW MOBEPHYTHI B OJMHAKOBOM HaIpaB-
JeHUM, IpPH 3TOM Ha BXOJHOM M BBIXOJHOM TMAaTpyOKax yCTAaHOBJEHBI
OTPaHUYHUTEILHbIE CETKU, Pa3MEPHI iUeeK KOTOPHIX MEHbIIIe AUaMeTpa IapoB.

3aaBuTenn: XaaugoB JduapuuH Hycpat orumbi

XanunoB Papua IIbLYHH OIJIbI
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