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OBIIASI XAPAKTEPUCTUKA PABOTHI

AKTYaAbHOCTh _TeMW. OAHHM W3 BaXHEIX HAIPaBACHHH COBPEMEHHOM
MEXaHHKHM CHOAOIIHBIX CpeA SIBASIETCH HMCCAGAOBaHHe NpobAeM, CBA3AHHHX C
B3aMMOACHCTBHEM MATEPHAABHHIX CpeA C JAGKTPOMAarHWTHHIMH TOASMH.
HHTeHCHBHOE pa3BuTHE TEOPHH MarHMTOYNIpPyTrOCTH
BO3MOKHOCTBIO HEIIOCPEACTBEHHOrO IPHMEHEHHMS €€ Pe3yAbTaTOB B Pa3sAHIHEIX

06ycAOBAEHO

OOAACTAX HAyKH M TeXHHKH, B YaCTHOCTH: IIPH DPACCMOTPEHHH BOIPOCOB
AeMI(pHPOBaHMsA KoAeGaHMH ¥ BOAH MarHMTHBIM HOAEM: HPH NOAYYEHHH
CHABHHX MAarHHTHHIX NOA€H; IPH pacyeTe W KOHCTPYMPOBAHWM MarHHTHHX H
ODAa3MEHHBIX ABHIaTeAed; OPH CO3AaHHMM GEeCKOHTAKTHHIX ONOP ABHIKYIIMXCSH
CHCTEM; [PH MCOOAb3OBAHMH MATrHHTOYOPYTHX CBOWCTB TBEPABIX TEA AAA
3AEKTPOHHEIX YCTPOMCTB; OPH CO3AAHMM NPHGOPOB H aNNapaToB 3BYKOBOH U
YABTPa3BYKOBOH TEXHUKH 4 T. A. KapTHHA B3aUMOAEHCTBUA IAEKTPOMArHHTHHIX
H MeXaHWJeCKMX SBACHHH BecbMa CAOXKHa. Ee H3yYeHHe CBS3aHO C
npobAeMaMM  MOAGAMDOBAaHHS MaTEPHAABHEIX CpeA, CO3AAHHA TEOLUH W
Pa3paboTKH TOYHHX H TNPHOAMIKEHHHX METOAOB HCCACAOBAHHWS ABHMIKEHHSN
NPOBOASIIUX TeA B MarHUTHOM moAe. OCOGEHHO BaXXHOE MeCTO 3aHHMAIOT
BONPOCH  B3aWMOAEHCTBHS  TOHKOCTEHHHIX  MarHWTOYOPYyIHX TeA  C
SACKTPOMAarHATHHMH IHOASMH. B  3TOH CBA3M aKTyaABHOCTH OpHOGpPero
CO3AaHHEe TeOpHH M pPa3paboTKM TOYHBIX ¥ UPHUOAMIKEHHBIX METOAOB
MCCAGAOBAHHS ABWXXEHHS TOHKMX TeA B  DAGKTPOMArHHTHOM = IOAe.
MoAeAH MeXaHHKH COAOUIHOW CPEeABl C YIeTOM 3AEKTPOMAarHUTHHIX 3(h(eKToB
ONHCAHE M HM3y9YeHhl B paboTaX MHOTHX HccAaepoBaTerer. C NOMONBIO 3THX
MOAEAEH M3ydeH psA Ba’KHEIX BOIPOCOB MEXaHHKH CIAODIHOH CpPEAH,
B3AMMOACHCTBYIOIEH C 3AeKTPOMArHUTHEIMH IOASIMH; PaclipOCTPaHEHHE BOAH
B MarHETOYHPYTHX CpPeAAX; KOAeGaHHS M YCTOMYHMBOCTH MAACTHH H 0BOAOUEK.
CBeaeHHsI O AMTEpaType M Pe3yAbTAaTaX IO BHIUE H3A0KEHHHIM NpobAeMam
MOJKHO HaWTH B MOHOTpacdusix M 0630pHHX craThsx C.A. AMGapnymsHa, I'.E.
Barpacapsina, ATl Baraoesa, M.B. BeayGeksna, $1.U. Bypaka, B.T. I'pungenxo,
AH. T'ysp, B.A. Kyapssnesa, JK. Moxena, ®. Myna, }O.H. HoBrukosa, B.3.
Taprona, 51.C. INocTpuraga, C.O. Caprucsaa, U.T. Ceresona, A.B. Cereseso,
A.®. Yanrko, HA. lllyasra m Ap. H3BecTHre HaM paGoTH O MarHUTOynpyroM
OOBEACHHH TOHKHX TeA B OCHOBHOM HCCAGAOBaHH AM60 B AWHeHWHOM
IHOCTAHOBKE, AHOO C yJYeToM (pU3IMYECKOM HEAMHEHHOCTH. Y9eT (H3mdIecKoi
HEAMHeHHOCTH B 3aAa9aX MAarHHTOYOPYTOCTH TOHKHX TEeA HCCAGAOBaH B
paborax C.A. AmbGapnymsna, A.I' BarpoeBa, M.B. BeayGeksHa, A.A.
MoBcucsna, MM. Munacsga. Bonmpoce MarHHTOynpyrux KoAeGaHHMiI TOHKHX
TeA B reOMETPHYECKH HEAMHEWHO¥ NOCTAHOBKE IIOYTH HE HMCCAEAOBAHHL. 3AECh
HaM M3BEeCTHH TOABKO paborsl I'E. Barpacapsima, 3.H. Aanossa, S.U. Bypaka,



C.B. Caprcsana, KOTOpHI€ HOCBAWIEHH BONPOCAM IOCTPOEHUA TEOPHH
FeOMETPHYECKH HEeAMHEHHHIX MAarHMTOYNpyIrux XoreGammi. Ha ocHoBe
TeOMeTPUIEeCKH HEAHHEHHOH TeOpHM MAarHMTOYNpPYIrOCTH HEH3yYeHH TaKke
BONPOCH! YCTOHYMBOCTH MOAYASIHOHHBIX BOAH, B3aHMOAeHCTBHe BOAH B
TIAACTHHKAX, NapaMeTPHYeCKHe H BHHYXACHHME KoAeGanwsa. B HacTosmein
paboTe Ha OCHOBE IeOMeTpHIeCKH HeAMHEWHOH Teopum MAarHMTOyHnpYroCTH
TOHKHX  IAAQCTHH  AeAdeTCS  IONBITKA  HCCAGAOBaTh  BhilleyKa3aHHEe
HeHM3y4eHHEIe BOIPOCH. ‘

EABI0  AMCCEPTalHOHHOW  paboTH  ABASETCHA: IMOAYYECHHE HeAMHEeHHHX
yPaBHEHMH, ONHCHBAIONIMX MOBEACHNE BA3KOYNPYTON, NPOBOASIEH NAACTHHKH
B OAHOPOAHOM MAarHMTHOM HOAE; HCCA€AOBaHHME COGCTBEHHEIX, BHIHYXACHHHIX
4 napamMerpuyecKHX HeAMHEHHHX MarHMTOYNPYIMX KoreGaHWi NpOBOASIUX ¥
HMACAABLHO-IPOBOASIIUX TAACTHHOK; HMCCAEAOBaHHE 3aKOHOMEPHOCTEH
PacCUPOCTPAaHEHHS MOAYASNHOHHHX BOAH B BS3KOYHPYIoW NAACTHHKE B
MAarHMTHOM IIOA€; HCCAEAOBaHHE BONPOCOB KOAAMHEAPHOTO B3aMMOAEHCTBHS
MAarHMTOYNIPYTHX BOAH C Y9YeTOM BA3KOCTH MaTepHaAa; HCCAEAOBaHHE
BO3MOJKHOCTH BO30Y>KACHMS HapaMeTPHYECKAX M BHHYRACHHBIX KOAeﬁaHHH
nponoAxmen HAGCTAHH IPH HOMOIIHA FapMOHHYECKOTO MarHMTHOTO TOAS.

Hayunag w©oBm3Ha. PaspaGoTaHa METOAMKa MCCAGAOBAHHA  HEAHHEHHEIX
RoAeOaHHH OPOBOAAMIMX MATHHTOYNPYTHX TNAACTHHOK B OAHODPOAHOM
MAarHUTHOM moAe. [IpeprokenHas MeTOAMKA MO3BOAWAA NMOCTABHTH M PEIIATH
PAA KOHKPETHHIX 3aAad KOAeOGaHMM M PACHpPOCTPAHEHMST BOAH B IIPOBOASIIHX
IIAAQCTUHKAX B M[PUCYTCTBHH MArHUTHOIO IIOAS. BrisiBACHE XapaKTepHuIe
OCOGEHHOCTH M BaXHHE AAS INPAKTUYECKOTO NpPUMEHEHHs 3¢ PeKTH
B3aUMOAECHCTBHA NPOBOAAMMX NAACTMH M MAarHMUTHOTO TOAs. [ToKa3aHo, uTo
TIPUCYTCTBHE MarHMTHOTO HOAS M YyJeT HEAWHEHHOCTH MaTrepMara MOJXKeT
OPHBECTH K 3(PeKTaM, KOTOpPHe He OGHApYKeHH B AWHEWHON MOCTaHOBKe. B
9acTHOCTH MOKA3aHO! a) 4YTO MOAYAANHOHHEIE BOAHBI MOTYT NOTEpPHATH
YCTOHYMBOCTE B HAKAOHHOM MarHMTHOM MOA€; 6) IIPH OIIPeAEAeHHBIX YCAOBHAX
ABeé MAarHMTOyHpPyTHE BOAHH, B030y>XAaeMble B INAACTHHKE, BH3AIBAIOT
NOABACHHME TPEThEH BOAHH C ONPEAGACHHOM WacTOTOW; C) B 3apavax
apaMeTpAYeCKHX KOAeOaHUH MAarHMTOYNPYTod IAACTHHKH YYeT HeAWHeHHOCTH
MOXXeT CymeCTBeHHO MEHATh 00AaCTh AMHAMHYECKON HeYCTOWIHBOCTH.
IlpakTAYecKas MEHHOCTh paGoOTH COCTOMT B paspaboTke NPOCTHX M
3(PEeKTUBHEIX METOAOB pacyera XapaKTePMCTHK HEAMHCHHEX KoAeGauuii u
YCTOMYHMBOCTH NPOBOAAIMX NAACTHH B MArHMTHOM MOAe. PesyabraTh,
HOAyYeHHEI€ B PpaboTe, MOTYT CAYXXMThL OCHOBOW AASl CO3AAHHS HOBHIX
NpHGOPOB M aNNapaToB 3BYKOBOW M YABTPA3BYKOBOW TEXHWKH, HalTH
NIpEMEHEeHHEe NpPH DemeHHHM HOBBIX 3aAa9 YCTOWYMBOCTH, KOAeGaHHM TOHKHUX
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OAACTHH B MArHMUTHOM HoAe. Ha ocHoBamMH HacTosmeH paGoTH MOJKHO
HCCAEAOBATh TaK)Ke APYTHE 3aAa4d HeAMHEWHBIX MarHMTOYNPYTHX KoAeOGaHMi
B pacCIpOCTPAHEeHHs MarHATOYNPYIMX BOAH B NAACTHHKAX, Ha BA3KOYNDPYro#H
OCHOBe. 7

OOGOCHOBAHHOCTh M AOCTOBEPHOCTb. Bce HaydYHEIE NOAOKEHHS H BHBOAH

AMCCEepTanHOHHOW PaboTH (PHU3MYECKH H MaTeMaTHIEeCKH OOGOCHOBAaHH H AAS
OPHAOKEHHS  AOCTOBEPHH.  AOCTOBEPHOCTH  HOAYYEHHHIX  Pe3yAbTAaTOB
fasupyeTcs Ha IPHHATHX 3a OCHOBY TOYHHX YPaBHEHHMHW H COOTHOIIEHHH
MeXaHMKH H 3AeKTPOAWHAMHKH CIAOMHHIX CpPeA, a TAaK)Ke Ha KaYeCTBEHHOM H
KOAMYECTBEHHOM COOTBECTBHH PE3yABTaTOB C (PH3HYECKOM CYIHOCTHIO
paccMaTpMBaeMHIX 3aAad.
AnpoGanmsa pa6orei. OCHOBHHE Ppe3yABTaTH AMCCEPTAalMOHHOH paGoTH
AOKAAABIBAAMCH H OOCY>XAQAUCH Ha:

- cemunapax WHcTHTyTa Mexannku HAH Apmernun (1991-1999rr.)

-Ha KoH(epeHIHH, nocBsmeHHoH  65-AetHio CO3AaHHA KadeApH

TeopeTwdeckoi MexanukHd B EpI'Y (Epesan, 1995)

-Ha pecHyOAMKAHCKOM KoH(epeHnuu "CoBpeMeHHEIE BOHPOCH! ONTHMAABHOTO

ynpaBAenus u ycroirqusoct# cucteM” (Epesan, 1997),

-Ha KOH(pepeHNHH, HOCBAMEHHOH 90-AeTHIO . CO AHA POXXAeHHA mpoddecopa

T.T. Xauarpsina u O.M. Canonpxsisa (Epesan, 1999) u Ap.. :
O6beM paboTm. AuccepTanuoHHas paboTa COCTOMT M3 BBEAEHMs, TpeX FAas,
NPHAOKEHMS, 3aKAIOYEHHS M CHHMCKa AMTeparypul. OHa copepXXur 125
CTpaHMIE TEKCTa, BKAIOYAIOIUX 24 pHCyHKa ¥ CHHCOK AMTepaTrypnl u3 108
Ha¥MeHOBAHMUH.
Iy6ankanmn. [lo Teme AmccepranuHoHHOHW paGoTH ONYOAMKOBAHB IECTh
HayYHHIX cTaTed. COHCOK mMyOAMKANu#i NPUBOAMTCS B KOHIle aBTopedepara.

COAEPXAHHUE PABOTDI

Bo BBeAeHHH A3H KpaTKud 0630p AMTepaTyphl, HOpHBEAEH aHaAH3
COBPEMEHHOTO COCTOSIHHSI POGAEMEl YyIPYTHX KOoAeGaHMH MPOBOAAINIMX TOHKHX
TeA B MarHUTHOM IIOAe, OOOCHOBaHa AaKTYaABHOCTH TeMHl AMCCEepTaIMH,
onpeAeAeHa HeAb paGoTH, B KPAaTKO M3A0XKEHO COAepIKaHHe paGoTHI.

IlepBas raaBa B mepBrIX AByX maparpadgax NepBOM TAAaBH, HOCSIOHX
BCIIOMOTaTEeABHBIM XapakTep, NPHMBOASTCA BCe HEOOXOAUMHE TpeXMepHHe
yPaBHEHHS TEOPHHM MAarEMTOYHPYTOCTH AAS KOHEYHHIX 3AEKTPONPOBOAAIIHMX
TeA, HaXOASIIAXCS B CTaOHOHADHOM MarHMTHOM moaAe. IlpmHMMaercs, d9To
MaTepHaA TeAa MOAYMHSETCS 3aKOHAM reoMeTpMYeCKH HeAMHeHHO# Teopuu
YHPYTOCTH. ﬁpunomrcn H3BECTHHE ABYMepHBIe HEeAWHEHHBIe YPaBHEHHS AAS



TOHKAX INpPOBOAAIIMX  DAACTHH, MOAYYEHHHE Ha OCHOBE TIHMIOTe3H
MarHHTOYNIPYIOCTH TOHKHX TeA.

B TpetneMm naparpade, Ha OCHOBE reoMeTPHYECKHM HEeAMHEHHOMH TEOpPHH,
IIOAY9EeHRl OCHOBHEHIE HEeAWHeHHhIe YPaBHEHHsA " COOTHOIIIEHHA AAS
BA3KOYHPYTUX  3ACKTPOHPOBOAAIMX  NOAACTHHOK. BsiakocTs  MaTepmara
YIUTHBaeTCH mo MoApeAH (DoxTa. AA NPHBEACHHS TPeXMEepHHIX YPaBHeHHH
MargHTOYNPYrOCTH K ABYMEDHEIM UPHHMMAeTCs IMIOTe3a MarHMTOyIpYTOCTH
TOHKMX TeA. B, OKOHYATEABHOM BHMAE NOAYYAIOTCA HEAMHEeHHEE HMHTErpo-
AudrpepeHnMarbHEIe  ypaBHEHMs, ONMCHIBAIOMAE  KOAeGAHUA  TOHKUX
BA3KOYNPYTHX 3A€KTPONPOBOAAINMUX DAACTHHOK B MArHATHOM IIOAE.

Bo BTOpOM raaBe Ha OCHOBe NPHBEAGHHHIX B MEPBOM IAaBe YPaBHeHHH ®
TPAaHHYHEIX YCAOBMH MCCAEAYIOTCS COOGCTBEHHBIE KOAeGAHWS KaK HMACAABHO-
HPOBOAAINEH, TaK M NPOBOASMEN NAACTHHKM. MccAepyeTcss ycToMuMBOCTE
MOAYASIIHOHHHX BOAH B HAE3AABHO-IIPOBOASIIEH NAACTHHKE B HAKAOHHOM
MarHuTHOM  moAe.  ONpeAeAsIoTCs  3aKOHOMEPHOCTH — PacHOpPOCTPaHEHHs
HeAHHEHHHX BOAH B HMAEAABHO-IPOBOASIIMX DAACTHHKAX, HAXOASLIMXCT B
HAKAOHHOM MarHMTHOM HOAe. B

"B mepeoM maparpadg)e pacCMAaTpHBAIOTCH HEAMHEHHEE COGCTBEHHLE
KOAeGaHHMs TPOBOASIIEH H HMACAABHO-IPOBOAAIIEH MAACTHHKH B IPOAOABHOM
MarsdTHOM noAre H (Hm,O O) 3apada CBeAGHA K PpeleHHIo CAeAyxomen
CHCTeMBl A PepeHnuarbHBIX YpaBHeHA |

é’w ﬂw _hHk G 7 “Eh ﬁw'dv d =0
é)c, 27 & a(l-v? )(,3:‘ . d( 1)
o"f 4zo & M
H 0,
& ke’ a(f °'6x,)

OpH COOTBETCTBYIOMMX YCAOBHSX 3aKpelAeHHUs KpaeB IIAACTHHKH. 3AeCh W -
nporu6 maacturky; D =2ER/ 3(1 - Vz)-nmn,z\pmeckax JKECTKOCTE; E -MOAYAB
yupyrocTs; 2h-TOAIMHA;  -KO3(MUOUEHT ITyaccona; k-BoaHOBOE wmcAO; p-
OAOTHOCTE ~MAaTe€pHaAa MAACTHHKH; O -3A€KTPONPOBOAHOCTB;, [ -MCKOMasi
HOPMaAbHas KOMIOHEHTAa MHAYIMPOBAHHOIO MAarHMTHOTO IOAS.

Cucrema (1) B cAydae IDApHHDPHO ONEPTON NAACTHHKH penieHa MeTOAOM

FarepkmEa. B pesyAbTaTe = HOAYYeHO  CAeAyiomee  OBHKHOBEHHOE
AndpepeHNHAALHOE YPABHEHHE OTHOCHTEABHO aMIAHTYAR KOAeGaHMS:

2
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VYpaBHeHHE (2) B CAydae HAEAABHO NPOBOAANEH NMAACTHHKH PEIIeHO METOAOM
rapMOHHYECKOro GaraHca. 3aBHCHMOCTb MeJXAy 6Ge3pa3MepHEIMH aMIAMTYAOR
Awu qac’romﬁ @ 3amHImeTcs Ho gopMyAe:
(ﬁ)z _p4 3Hak-v) 3 @3)
Q AnEk’h’ 4 J

W3 dopmyan (3) BHAHO, 9TO C yBeAWYeHHEM AMNAHMTYAH NAQCTHHKH JacToTa
KoAeGaHME BO3pacTaeT. AHAAOTWYHOE BAMSHHE Ha BEAHYMHY 9aCTOTH HMeeT
MarHuTHOE IOAe.

B cayuae mnpoBopdmIed NAACTHHKH AASL TOAyYEHHS aHAAMTHYECKHX
¢OopMyA aMIAHTYAHO-JACTOTHHX 3aBHCHMOCTeH NPUMEHSAETCS MEeTOA MHOTMX
macmTaboB. OTAEABHO PacCMaTPMBAIOTCA CAGAYIOIHE CAYJaH:

(1 +kn)HY, 3
47phQ}

YKazaHHEIM BHINE METOAOM ﬂO}\Y‘laeTCﬂ

a, =a,exp(-a,pr), QEZH' 9:‘ +==, a =w/h. ol s PR

rAe a, - Ha9aAbHAasi aMIAMTYAQ, A
o - DK " (1+ khJkc? _(l+kh)H°,’ ¥ akh“
° 2ph’  AnchQ,’ 4o Al +a)

6) Becsma ronkas macrmaxa (hja <<1).

a) Caaboe MarEATHOE HOA€ <Ll

)

B 3TOM .CcAydae nMeeM

0 .. % 1. ., __Ba
al=aoexp(-khy,), Q—“l+ 3 a, }’r—m. (G)
g 81

B pacCMOTpPeHHBIX BHIIE CAyJasX MMeeM 3aryXaromue Koaebanus. Ilpm stom
HeAMHeHHasl 9acTh, B NOAYYEHHBIX AASl 9aCTOTHI BHPa’XEHHSAX, C BO3pacTaHHEM
HAUPS’KEHHOCTH MarHHTHOTO IOAs yMeHbimaeTcs. M3 moAyJeHHEIX BHIpaskeHHH
(4) m (6) BEAHO, 9TO IpH OOABIIMX 3HAYEHHMAX HANPSKEHHOCTH MarsMTHOrO
OOASl Ba’KHHIM CTAaHOBMTCS AHWHEHWHHIH YAeH, H 3apa9y MOXXHO pemaTh B
AuBeiHO#M mocTaHOBKe. B cAydae KOHEWHO MpoBOAAMIeH MAACTHHKA Ha NCHOBE
ypaeHeHus (2) copmyampoBana 3apaua Komwm, koTopas pemeHa YHCACHHEIM
METOAOM.

Bropo#i mnaparpad DOCBSIIEH YCTOWIMBOCTH MOAYAANUOHHHIX MarHMTO-
YIPYTHX BOAH (OTHGAIOMMX BOAHOBHEIX IAKeTOB), PaCHPOCTPAHSIOMMXCS B IAAC-
TuHKe. ViccAepOBaHMe STOM 3aAQYM B HAKAOHHOM MarHMTHOM IOA€ CBOAHTCH K
PEIeHuI0 CACAYIOIEro HeAMHEHMHOro AudpepeHHaAbHOTO YPaBHEeHUS
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