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TeopeTnyeckn UCCIeNOBAHO BIUSHUE CKPYUYMBAIOIIMX HAIPSKEHWM HA TMTAaHTCKWIM MarHUTOUMITENAaHC
aMopGhHOTO MUKPOITPOBOJIa Ha OCHOBE XeJle3a ¢ HaBeACHHON B pe3yJIbTaTe OTXKHUTA e TMKOMAATbHOM aH -
30TpOMKei B MOBEPXHOCTHOM ciioe. [TokazaHo, YTo CKpyuMBaoIIve HAMIPSKeHWS PUBOIST K U3MEHEHUIO
BUIa 3aBUCUMOCTHM UMITeJaHCa MUKPOITPOBOJA OT BHEIITHETO TOJISI IIPU OTHOCUTEIbHO HU3KUX YaCTOTax
BO30yXnarolero Toka. MisMmeHeHure uMrenaHca MaKCUMaIbHO BOJIM3M 3HAYEHMST HAMPSIKEHUt, COOTBET-
CTBYIOIIIETO BO3HUKHOBEHUIO 3(PD(HEKTUBHON LMPKYJISIPHOM aHU3OTPONUM B IMOBEPXHOCTHOM oOJacTh
MUMKpPOTIPOBOJa. Pe3ybTaThl MOTYT OBITh MCITOJIBL30BaHBI TIPU CO3AaHUM CEHCOPOB HATIPSIKEHUM U C1aboro

MAarHuTHOTO IT10JI4.
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BBEAJEHUWE

DddekT ruranTckoro Marouronmienadnca (I'MI)
3aKJII0YAeTCs B M3BMEHEHUN KOMILJIEKCHOIO COIIPO-
TUBJICHUST (DEPPOMATrHUTHOTO MPOBOJHMKA, BO30YX-
JIa€MOTO IIepeMEeHHBIM TOKOM, B IIPUCYTCTBUU BHEIII-
Hero MarHuTHoro o [1—5]. Matepec kK TMU Bo3-
HUK B IepBOi mojioBrHE 90-X TOJOB MPOIILIOrO BeKa,
KOIJIa ITOSIBUJINCH TEXHOJIOTUHU IIPOU3BOICTBA IIPOBO-
ISIIIX aMOP(HBIX 1 HAHOKPUCTALIMYESCKUX MaTepra-
JIOB C BLICOKOIT MAarHUTHO MpoHu1iaeMocThlo. [Tpupo-
na I'MMU cBsi3aHa co cKUH-3(P(EeKTOM 1 3aBUCUMOCTBIO
TOJILIMWHBI CKUH-CJIOS OT BEIMYMHBI MAarHUTHOM MPO-
HULIaeMOCTH. /17151 BOBHUKHOBEHMSI CUIILHOTO 3hhekTa
I'MM Heo6xoauMo, YTOOBI BHELIIHEE MOJIe CYIIECTBEH-
HO BJIMSJIO HA MATHUTHYIO IIPOHUIIAEMOCTh. D(pPeKT
I'MMU npusnekaer 60iblI0€ BHUMAaHUE UCCIEA0BA-
TeJICH B CBSI3U C BO3MOXHOCTBIO €I0 UCIIOJIb30BaHUS
JUTSL pa3JIMIHBIX TIPUJIOXKEHUM, B YaCTHOCTH, JIJISI pa3-
paboTKM OMOCEHCOPOB, CUCTEM IO3ULIMOHUPOBA-
HUS, TPagUEHTOMETPOB U T.1I.

OnmHuM u3 HanboJjiee IePCHEeKTUBHBIX MaTepua-
JIOB TS TIpaKTU4YecKux nmpuMeHenuii ' MU aBnsior-
csl aMop(HBIE MUKPOIIPOBOAA B CTEKJISIHHON 000-
JIOUKE, M3rOTOBJICHHBIE METOIOM Teiiyiopa— YIMTOB-
ckoro [6, 7]. CunpHbI 3ddexkt MU Bo3HUKaeT B

MUKPOIIPOBOAAX HAa OCHOBE KoOajibTa ¢ OJM3KUM K
HYJI0 KO3(PULUUEHTOM MarHuToCTpukiuu. Octa-
TOUYHBIE HAMIPSIKEHUSI B TAKMX MUKPOIIPOBOIAX MPU-
BOIST K BOBHUKHOBEHMIO LIUPKYJISIPHON MarHUTHOM
aHU30TpoIuu. BeaencTBre aToro MUKpOIpPOBOAa HA
OCHOBE KOOaJIbTa MMEIOT BHICOKME 3HAYCHUS IIOIIe-
pEeYHOIT MAarHUTHOM MMPOHUIIAEMOCTH, KOTOPBIE 00y~
CJTaBIUBAIOT CUJIbHBIN 3hdekt TMU [5].

ApyruM TUMOM MUKPOTPOBOIAOB B CTEKJISTHHOM
000JI0UKE SIBJISIIOTCSI MUKPOIIPOBOJA HA OCHOBE K€~
Jie3a ¢ MOJIOXUTEJIbHOM MarHuTocTpukimeit. Ocra-
TOYHBIE HAIPSKEHUST TPUBOIUT K BOZHUKHOBEHMIO
aHM3O0TPOIIMH, OCh KOTOPOI HallpaBjeHa BIOJb 00-
pasua [6, 7]. MuUKpoIIpoBoIa Ha OCHOBE XKeJjle3a NMe-
0T MaJlylo TOINEePEeYHYl0 MAarHUTHYIO TpOHUIlae-
MOCTb M IPOSIBJISIOT oueHb cliabbiii apdpexkt TMMUA.
OnHako B IOCJIEAHUE TOAbI ObLIO 3KCIIEPUMEHTAIb-
HO MPOAEMOHCTPUPOBAHO, YTO MPU OMNpeAeIeHHO
TepMu4ueckoit oopadotke acpdext MU B Hux cye-
CTBEHHO yBeauduBaeTcs. B yacTHocTHn, OBLUIO yCTa-
HOBJICHO, YTO MOCJIe OTXKMTa MUKPOIIPOBOIOB B MPH-
CYTCTBUU pPACTITUBAIOIIMX HanpsoKeHU 3¢G@eKT
I'MMU Bo3pacTaeT Ha MOPSIIOK IO CPAaBHEHUIO C He-
OTOXKeHHBIMU oOpasiiamMu [8—10]. I[Ipu sTOM BUA
3aBUCUMMOCTH MMIIEAAaHCa OT BHEIIHETO0 MAarHUTHOTO
MOJIsI U3MEHSIETCS C YBEJIMYCHUEM 4YacTOThl, U Ha-
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OromaeTcs nmepexon OoT 3aBUCMMOCTH C OJHUM IIN-
KOM B HYJIEBOM I1I0JI€ K 3aBUCHMMOCTH C IBYMA CUM-
METPUYHBIMU OTHOCUTECJIBbHO HYJIEBOTO ITOJISA MaKCH-
MyMaMU ITIpH BBICOKHX YaCTOTax.

Teopetuueckoe omnmucaHue W3MEHEHUSI MarHuUT-
HBIX CBOMCTB aMOP(HBIX MUKPOMPOBOAOB C IOJO-
XUTEAbHOW MArHUTOCTPUKLIMEN MPU OTXKMUIE Mpe-
JIoXeHO B padote [11]. bruio moka3zaHo, 4TO pa3orpeB
MUKPOIIPOBOa IPU EIr0 MEXaHNUECKOM PaCTSIKEHU U
W3MEHSIET paclipefe/ieHUe OCTAaTOYHBIX HampsiKe-
HUil. B pe3ynbraTe OTXKUra B IOBEPXHOCTHOM 00J1a-
CTU METAJJINYECKON XKUJIbl MUKPOIPOBOJA TAHTEH-
IIMAJIbHbIE OCTATOYHbIE HATPSIKEHWSI CTAHOBSTCS
MaKCUMaJIbHBIMU, YTO TIPUBOJUT K BOSHUKHOBEHUIO
LUPKYJISIPHOI aHU30TPOTIUU B 3TOI 00JIaCTH.

st onmycaHus 9KCHEepUMEHTAIBHBIX 3aBUCHUMO-
cteit 'MM oT noJjist ¥ 4aCTOThI B OTOXKEHHBIX MUK-
poONpoBOAAX C MOJIOKUTEIbHOIM MarHUTOCTPUKLIMEMN
ObLIa TIpeajioXXeHa Monelb [12], B paMKax KOTOpoit
MpearoaaraeTcs CyleCTBOBaHME B MHUKPOIIPOBOIE
IByX o0JjacTeil ¢ pasjMYHbBIM TUIIOM MAaTHUTHOM
aHmzorporuu. [lojrydeHHBIE TeOpeTUYeCKHUEe 3aBU-
CUMOCTH TO3BOJIMJIM KaYeCTBEHHO OITMCATh pe3yiib-
TaThl 3KCIICPUMEHTAJIILHBIX HccaenoBaHuii MU B
aMOp(MHBIX MUKPOIIPOBOAAX, OTOX KEHHBIX B IIPU-
CYTCTBUH PACTATUBAIOIINX HAIIPSKECHUIA.

Tak Kak MarHUTHasi aHU3O0TPOIHMS OKa3bIBAET Cy-
lecTBeHHOe BausiHue Ha MU, BHellIH1e HanpsoKe -
HUSI MOTYT U3MEHSITh UMITeTaHC aMOP(HOTO MPOBOI -
HUKa. DTOT 3(b(PEKT 4acTO HA3bIBAIOT CTPECC-UMIIe-
mancoM [13, 14]. Crpecc-uMIiefaHC MOXKET OBITh
KCIIOJIb30BaH MpHY pa3pabdOTKe CEHCOPOB HArpy30K 1
MeXaHU4ecKUX HampsixkeHuil. KpoMe Toro, mpu npu-
JIOXKEHUW Pa3IWYHbIX BHEIIHUX HAIpPSDKeHUN K
aMop(dHOMY 00pa3lly TMPOUCXOJUT U3MEHEHHUE €ro
PaBHOBECHOIM MarHUTHOM CTPYKTYPbI, YTO IIPUBOIUT
K m3MeHennio 'MMU. BmustHue pactarmBaiommnx
cKpyumBamoImx HampsokeHuir Ha 'MW amopdHbIX
MUKPOIIPOBOJAOB Ha OCHOBE KOOajibTa JOCTATOUYHO
MoApoOHO HccaenoBaHo (CM., Harp., [15—18]). B to
ke BpeMst apdekT I'MMH B 0TOXKEHHBIX MUKPOTIIPO-
BO/IaX Ha OCHOBE XeJjie3a B MPUCYTCTBUM BHELIHUX
HaIpPsKeHUIA OCTaeTCsl TIOJTHOCThIO HEM3YUYEHHBIM.

B HacTosmieit pabore TeopeTUIECKH UCCIET0OBAHO
BIWSIHWE CKPYYMBAIOIIMX HampskeHuid Ha TMU B
aMop(pHOM MUKPOMIPOBOJE C HABEICHHOM B Pe3yiib-
TaTe OTKUTIa aHU3O0TPOIMUei B IOBEPXHOCTHOM CJIO€.
IIpennoxeHa Moaeab AJsl yyeTa BIMSIHUSI paarajib-
HOIO pacHpeneJeHus] MarHUTOYIIPYIoii aHU30TpO-
MMM, CO3daBaeMOil MPMIOXEHHBIMU HaIIPSKEHUSI-
mu, Ha 'MW, u npoaHaauM3upoBaHbl 3aBUCUMOCTH
MMITeIaHCa MUKPOIIPOBOJA OT BHEIITHETO MAarHUTHO-
IO TI0JIsI, YaCTOThl U BEJIMYMHBI CKPYUYMBAIOLIUX Ha-
NPSIKEHUA.
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Crenys niogxondy, MpenjioxkeHHOMY B padote [12],
OyneMm mnoJjaraTb, 4To amMOpP(HBI MUKPOIPOBOI C
IVaMEeTPOM MeTalJInuyecKoil yacth 2R cOCTOUT U3
IByX obyiacTeil. B LieHTpanibHOI 06acTtu (Kope) pa-
JIuyca ¥ OCb MarHUTHOW aHU30TPONUU HMMEET TPO-
JIOJILHOE HaIlpaBJIEHME, a BO BHeEIIHel obyactu (000-
JIOUKE) OTXKUT B MPUCYTCTBUU HAMPSKEHUI MPUBOAUT
K BO3HUKHOBEHUIO TeJIMKOUIAIbLHONW aHU30TPOITUU.
Yepes MUKPOIIPOBOJ, IPOMYCKAETCS EPEMEHHBIN TOK
1(¥) = l,exp(—iwf), u BHenIHee MarHUuTHoe mnosie H,
HaIpaBJIEeHO BIOJb OCM MUKpomnpoBoaa. K mMukpo-
MPOBOMlY TIPUJIOXEHO TOCTOSIHHOE CKpy4yMBalolllee
HaIpsiKeHUe, KOTOpOoe IMTPUBOAUT K BOSHUKHOBEHUIO
HEOMHOPOIHBIX CABUTOBBIX AehopMaliii B oOpaslie.
[lone mMarHuToynpyroii aHusotponuu H;, UHAYLU-
POBaHHOI CKPYYMBAIOIIMMU HATIPSIKEHUSIMU, OTIpe-
NeJisieTCs BhIpaxkeHueM [S]:

H,=3\Gtp/M, (1

riae A, — KOHCTaHTa MarHUTOCTPUKIIMK, G — MOIYJIb
cIBUTa, T — cKpy4yuBalolas aedopMmaius, p — paau-
aJbHas1 KoopauHata, M — HaMarHUYeHHOCTb HAChI-
meHus. [loe MarHUTOYTIPYTOM aHU30TPOITMH HEOI-
HOPOIHO IT0 MMOTIEPEYHOMY CEYEHHU IO MUKPOTIPOBOIA.
B manbHeiiem it yrpolieHust 0yaeM MTPpUHUMATh,
YTO 3HAYEHUSI 3TOTO MOJIsA Ul Kopa M | 1 060JI0uKH
H , TOCTOAHHBI M PaBHbI MAKCUMaJIbHBIM 3HAYEHU -
sIM B COOTBETCTBYIOIIIMX O00JIACTSX:

H., =3\Gwr/M, (2)
H., =3\GTR/M. (3)

3HaYeHUSI PABHOBECHBIX YIJIOB HaMarHUYEHHO-
ctu 0; (3mech 1 najnee MHAEKCj = 1, 2 OTHOCHUTCS K KO-
py 1 000J0YKE) IO OTHOIIEHMUIO K a3MMYTaIbHOMY
HamnpaBJIECHWIO MOTYT ObITh HalACHBI IIPU ITOMOIIU
MUHUMM3ALU CBOOOTHON SHEPTUN. YpaBHEHUS TSI
YIJIOB 0; MOTYT OBITh 3aIIMCAHBI B CIIEAYIOLIEM BUIIE:

Hy ;sin(0; —o;)cos(0; —a;) = H,cos0,.  (4)

3nech BBeleHBI 3(P(MEKTUBHBIC MOJISI aHU30TPO-
muu He g ; v yIJIbl aHU30TPOIIMH 0y, KOTOPBIE OTpee-
JISTIOTCSI HaBeACHHOM aHW30TPOIIMEN U MarHUTOYIIPY-
Toii aHM3OTPOIMEN M3-3a BHEILIHMX CKPYYMBAIOLLIMX
HanpspkeHuid. Micnosib3ysl pe3y/bTarhbl, MOJyYeHHBIE
panee [16, 19], s oy u Hey ; iMeeM:

tg2o,; = (H, ,;sin2y; + H, )/ H, ;cos2y,;;  (5)
H. ;= H, cos2y,/cos2a;. (6)

3nech H, ;— 1oyt aHM30TPOIIMM JIJIsI KOpa ¥ 0007104~
KM, J; — YIJIBl OCE#l aHM30Tponuu (I1s Kopa , =
=m/2). U3 Beipaxkenuii (5) u (6) ciemyer, 4To 3(-
(hbeKTUBHBIN YyTOJ aHU30TPOITMU B 0GOJIOUKE O, TIPH
MPUIOXEHUN CKPYYMBAIONINX HAMpPSLKEHUM M3Me-
HsIeTCsl OT —Tt/4 1o T/4, yrojl aHU30TPOMNUU B KOPE O,
JIEXKUT B UHTepBaJie oT /4 no 31n/4, a MUHUMAaJIbHbIE
3HaueHMs 2(DHEKTUBHBIX Moneit paBHbI H, |cos2y].
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3HadyeHns 3P PEeKTUBHON MarHUTHOI IMpOHUIIAe-
MOCTHU LI; B KOPE U 000JIOUKE ONPENETAIOTCS CIIEMYIO-
ILUMU BbIpaXXeHUsIMU [5]:

W, = o)fn/[((om + o)f)o)’;* — —iKmmo)};
of = Y| Hpcos’(6, —0,)) + H,sin6, ], (7)

(07* =WHy cos2(0;, —a;)+ H,sin6,].

3nech ®,, =7y X 4TM, Y — TMPOMarHUTHOE OTHOLLIE-
HUe, K — napaMeTp 3aTyxaHus [unbepra.

BripakeHue mjis umnenaHca Z MOXeET ObITh ITpe-
cTaBJIeHO B cienytoireM Buae [20]:

Z = fcR)(G,,sin 0, +,cos’6,), 8)

e / — IJIMHA MUKPOIIPOBO/IA, ¢ — CKOPOCTh CBETA B
Bakyyme, (,, u {; — MarHuTHast * HeMarHUTHAst KOM-
MOHEHTHI TIOBEPXHOCTHOTO MMIIEIaHCa MUKPOIIPO-
BOJIa, @ PABHOBECHBII yroJl HAMATHMYEHHOCTH 6, BO
BHEIIHEe# o0acTu onpenessieTcs u3 ypaBHeHU (4).

BoipaxkeHust Isi KOMIIOHEHT ITOBEPXHOCTHOTO
umrnenarca (,, u {; B MUKpOIIPOBOJIE CO CTPYKTYPOii
Kop—o00oJiouKa ObUIM MOJydeHbl B pabore [12] B
MPEIIONIOXKEHUY, YTO paBHOBECHAs HaMarHUYeH-
HOCTb B KOpe HarpajieHa BA0Jb OCU MUKPOIIPOBO/IA.
B ciryyae mpucyTCTBYS CKPYYHMBAOIITNX HATPSKEHUH
HaMarHM4eHHOCTh B IIEHTPAIbHON 00JaCTU OTKJIO-
HsIeTCs OT HarpasieHus ocu (0, # tm/2). C yuetom
3TOTO OTKJIOHEHUs] HaMarHWYeHHOCTH BBIpaXKeHHE
IJIST MAaTHUTHO# KOMITOHEHTHI ITOBEPXHOCTHOTO MM-
nenanca {,, MOXeT ObITb MPEICTaBICHO B ClIELYIO-

1IEM BUOC:
¢, (W) = cky Jo(kyR) + PYy(k,R)
"2 4ne J,(kR) + PY,(,R)

(kz/kl)Jo(kzr) - QJ,(kyr)

©)

P = ; (10)
)= kam) - (o ) Yoty
=J0(k1r) . 2 Jo(kor) 2 ]1
0 —Jl(kﬂ“) sin” 6, +—J1(k0r) cos” 6. (11)

3necvJ,u Y, (n=0, 1) — byukuuu beccens nepsoro

u BTOpOrO pora, ky = k! ', ky = kotd, ko= (1+)/3,
4 =c¢/(2now)'/?, 6 — ynenbHas TPOBOIUMOCTb MUK-
ponpoBona. OTMeTuM, 4To TIpu 6; = L1/2 BRIpaxke-
Hus (9)—(11) mepexonsiT B COOTHOIIECHMSI, ITOTyUYeH-
Hble B padote [12]. KoMImoHeHTa MOBEPXHOCTHOTO
uMmrenanca {, MOXeT ObITh HaiileHa W3 BbIPaKEHMIA
(9) u (10) B peanoyoxXeHun, 4YTO BHELIHSISI 000JI0U -
Ka MUKpPOIIPOBOJA SIBJISETCI HEMAarHUTHOM (W, = 1):

Co=Cn(1) [20].

PE3VJIBTATBI U OBCYXIEHHUE

D,J'ISI aHaJin3a 3aBUCHMMOCTU HMMII€JaHCa MHKPO-
IIPOBOJA OT BHEIIHETO ITOJIA 6y,Z[CM MCII0Jb30BaThb OT-
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HocutenbHoe usameHeHue I'MW: AZ/Z = [Z(H,) —
— Z(Hy)1/Z(H,), tne H, — BHenIHee 10JIe, JOCTAaTOu-
HoOe IJIsI MAarHUTHOIO HachIllleHUsI oOpa3sua. [lajee
Oyanem noJjarath, uto Hy, =250 3 [§—10]. Kpome Toro,
OyJeM NMpUHUMATh Cleaylolliue 3HaYeHUs MapameT-
POB MUKPOMNPOBOAA: TMAMETP METANIMYECKOM YacTu
2R = 15 MKM, HaMarHMYeHHOCTh HachIleHUus1 M =
=900 I'c, mpoBoaumocTh 6 = 5 x 10" ¢!, mapamerp
3atyxaHusa [wibepra k¥ = 0.15, KOHCTaHTa MarHUTO-
crpukimu A, = 40 X 10~° u momynb casura G = 50 I'Tla.

Ha puc. 1 noka3zaHa 3aBUcUMOCTb AZ/Z OT BHEllI-
Hero 1oJist H, Tpy pa3TMIHBIX 3HAaYeHUSIX CKPYInBa-
omux nedpopMmalunil T, paccuMTaHHasl ISl IBYX 4Ya-
cToT f = /21. Pe3ynbTaThl MpeacTaBieHbl TOJIbKO
IJIs1 00JIACTU TTOJIOXKUTENbHBIX BHELIHUX TOJIEi, TaK
KaK pacCUMTaHHbBIE 3aBUCUMOCTH CUMMETPUYHBI 10
OTHOIIIEHUIO K 3HAKY BHEIITHETO MOJIS.

B oTcyTcTBME BHEIIIHUX HANPSXKEHUU TTPU 4acTo-
te 50 MI11 3aBucumoctb AZ/Z(H,) uMeeT MaKCUMyM
B HYJIEBOM I10JIe, TaK KaK P OTHOCUTEJIbHO HU3KUX
yacToTax CKMH-3(h@dEKT Majl, U OCHOBHOM BKJal B
MarHUTHYIO MpoHuliaeMocTb 1 B ' MU BHOCUT BHYT-
peHHsis1 obacTh MuKporponosa [ 12]. [Tpu nmpunoxe-
HUU CKPYUYMBAIOUIMX HAIPSDKEHUA B 3aBUCUMOCTU
AZ/Z oT BHEUIHETO T10JIs MOSIBASIIOTCS JOTIOTHUTEb-
HbIe MaKCUMyMbI 11pu H, ~ + H,, ,. [1pn MaJibIX 3Have-
HUSX CKpy4YUBalolux nedopManuii T OTHOCUTEIb-
HO€ M3MEHEHME UMIIelaHCa PEe3KO BO3pacTaeT (CM.
puc. la). MakcuMaiibHasi 4yBCTBUTENBHOCTb UMIIE-
JlaHca K BHEIIHEMY MOJI0 10CTUraeTcsl pU HEKOTO-
POM 3HAaYEHUU CKPYyYMBalOLIUX AedopMmalinii, a npu
0O0JIbLIMX 3HAYEHUSIX T OTHOCUTEJIbHOE U3MEHEHUE
I'MMU ymenbIIaeTcs.

Takas sBoJIIOLUSI 3aBUCMMOCTUA MMIIeZaHCa OT
IOJIsI B IIPUCYTCTBUU CABUTOBBIX AedOpManuii CBSI-
3aHa ¢ U3MeHeHreM 3P GEKTUBHON MAarHUTHOI MPo-
HUILIAEMOCTH BO BHEIIHEH 00JaCTX MUKPOIIPOBOAA.
I1pu nputoXXeHUM MajbIX HAIIPSDKEHUI OCh aHU30-
TPOIIMU B 000JI0YKE MUKPOIPOBOJIAa OTKJIOHSIETCS K
a3UMYTaJIbHOMY HaIIpaBJICHUIO, YTO IPUBOOUT K YBE-
JIMYEHUIO MATHUTHOM NMPOHULIAEMOCTH O0OJIOUKH L,
1 YMEHBIIIEHUIO TOJIIIMHBI CKUH-CJI0s1. B pe3ynbraTe
B 3aBucumoctu AZ/Z(H,) MOSBISIIOTCS NOMOJHU-
TeAbHbIE MAKCUMYMBbI, TaK KakK OTKJIMK MU omnpe-
JIeJISIeTCSl BHEIIHEH 00JIaCThlo C TeIMKOMTATLHOMN
aHuzoTponuei [12]. MarHuTHasi IpOHULIAEMOCTbD [,
JIOCTUTAeT MaKCUMaJIbHOTO 3HaYeHUSI, Korma 3 pek-
THUBHAasi aHU30TPONHUS B 000JI0YKE CTAHOBUTCS IIUP-
KyJsapHO# (0, = 0). Ilpu nanbpHeiieM yBeJIUYEeHUU
CIBUTOBBIX JAedopMallMii MarHWTHasi MpPOHUIlae-
MOCTb CHMXKAETCS, YTO IIPUBOIUT K YMEHBIICHUIO
I'MMU (puc. 1a).

3HauyeHue CABUTOBBIX eopMaluii T ., Py KOTO-
POM AOCTUTaeTCs MaKCUMalbHOE U3MEHEHUE UMIIE-
JlaHca, OIpeaesieTcs] U3 yCJIOBUSI PaBEHCTBA HYJIO
a(deKTuBHOro yrjia aHu3oTpOIuU O,. Y3 BeIpaxke-
Hus (5) ciemyeT, TO 3TO YCJIOBHUE BBIIOIHSIETCS IIPU
ToM 124
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Puc. 1. OtHocutenbHoe usmeHenue 'MW AZ/Z B 3aBu-
CHUMOCTH OT BHelIHero noys H, npn /= 20 MI (a) n f=

=200 MTI1 (6) 1 pa3nIUYHBIX 3HAYEHUSIX CKPYYMBAIOIINX
nedopmarmii T, pag/ecm: I —1=0;2—1=0.05;3—1=
=0.15; 4 — 1= 0.20; 5 — T = 0.25. [TapameTpsl, UCMIOJb-
30BaHHBIC TIpU pacyeTtax: 2R = 15 MkM, r = 6 Mxm, M =
=900Tc, H, =53, H, ,=303,y,=-0.05t,6=5 x

x 10 ¢! = 0.15, A, = 40 x 107, G=50 I'Ma.

H. , = —H, ,sin2y,. Mcrionb3ys cootHolieHue (3),
IUIs1 3HaYEHUS T, umeeM [21]:

T, = —MH,,sin 2y, / 3AGR. (12)

ITpu yactoTte Bo3byknatoiero Toka 200 MIx 3a-
BUCUMOCTb AZ/Z OT BHEIITHETO TI0JISI MMEET IBa CUM-
METPUYHBIX OTHOCUTEIBHO HYJEBOTO ITOJST MaKCH-
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Puc. 2. 3aBrcuMOCTb MakKcuMasibHOTO M3MeHeHuss MU
(AZ/Z) 5 OT YACTOTHI f MpPU Pa3IUYHBIX 3HAYEHUSIX
cKpyuMBamIux aedopmanuii T, pag/cm: 1 —1=0; 2 —
1=0.05;3—1=0.15; 4—1=0.20; 5—1t=0.25. Ocranb-
HbIE apaMeTpPhl, UCIOJIb30BaHHBIC TIPH pacyeTax, TaK1e
Xe, Kak Ha puc. 1.

MyMa TpH JIOOBIX 3HAYCHMSX CKPYYMBAIOIIUX [IE-
dopmaiuii (puc. 16). 310 006CTOATEIHCTBO CBSI3aHO C
T€M, YTO IIPU TAKMX YACTOTaX TOJIIIMHA CKUH-CJIOS
CTAaHOBUTCSI CPAaBHUMOI C TOJIIMHOI OOOJIOUKHU, U
By 3aBucuMocti 'MMUW oT BHENIHero moJist orpene-
JIsIeTCsl 00JIACTBIO C TeIMKOMIAIbHOM aHU30TPOIUEH
[12]. C yBennyeHMEM CABUTOBBIX IedopMalilii M-
MefaHc BO3pacTaeT BIJIOTh 10 T = T, a IpU T > T,
yyBCcTBUTENbHOCT, MU K BHEIIHEMY ITOJII0 CHIMXKA-
eTcsl.

Ha puc. 2 npeacraBieHbl 4aCTOTHbIE 3aBUCHUMO-
CTU MAaKCUMAaJIbHOTO OTHOCHUTEJIbHOTO W3MEHEHUS
I'MU (AZ/Z),.x, PAcCUMTAHHbIC MPU PaTUIHBIX
3HaYeHUsIX cKpyuuBaromux aecdopmanuit 1. C yBe-
JinyeHveMm nedopMauuii BIJIOTh 10 T = T, MaKCH-
MaJlbHO€ OTHOCcUTeJIbHOe n3MeHeHue I'MM Bo3pac-
taet. [Ipu aTOoM yacToTa, npu KOTOpoit (AZ/Z) ..« 1O-
CTUTaeT MakKCUMyMa, CIBUraeTcsi B CTOPOHY Oosee
HU3KUX 3HaueHuil. [1pu T > 1. 3HaYeHUs (AZ/Z),,ax
HauyMHAaIOT yMeHbIIAThCs (puc. 2).

s aHanu3a BIUSIHUS CKPYYMBAIOIIMX HATIPSIKE-
HUI Ha UMIIeTaHC BBEAEM OTHOCHUTEIIBHOE M3MEHEe-
Hue 'MU (AZ/2), = [Z(1)—Z(0)]/Z(0), tne Z(0) —
3HaUEeHUE UMIIeIaHca MPU OTCYTCTBUM BHEIITHUX Ha-
npsckeHuit. Ha puc. 3 mokazaHa 3aBHCHUMOCTH
(AZ/Z), oT 3HAaUeHUS CKpydMBamwlieit necdopmaium,
paccuuTaHHas 1151 Pa3IMYHbIX YaCTOT MIPY BHEIITHEM
0JIe pPaBHOM MOJII0 aHU3O0TPOMNUU B 000JI0UKE MUK~
pornposona (H, = *H, ;). OTHOCUTEILHOE U3MEHE-
Hue 'MW (AZ/Z), nmeeT acMMMeTpUYHOE TTOBenIe-
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Puc. 3. OtHocurenbHoe usmMenenne 'MHU (AZ/Z), B 3a-
BHCHMOCTH OT 3HaueHud aedpopmauuu Tpu H, =30 D u
pa3nuuHbIx yacrortax f, MI: 7 — f=20; 2 — f=50; 3 —
f=100; 4—f=150; 5 — f=200. OcrayibHbIC TTApaAMETPHI,
HCITOJIb30BaHHBIE IPU pacueTax, Takue e, Kak Ha puc. 1.

HUE C MAaKCUMYMOM TIpH T = T,,. MaKcHUMaJIbHOE 3Ha-
uyenue (AZ/2),. = [Z(t) — Z(0)]/Z(0) HeMOHOTOHHO
3aBUCUT OT YaCTOTHI, YTO CBSI3aHO C M3MEHEHUEM
TONIIMHBI CKUH-CJIOSI BO BHeIlmHe# oOmnactu. Ilpm
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Puc. 4. OtHOCUTENnbHOE M3MeHenne 'MW (AZ/Z). B 3a-
BHCHMOCTH OT 3HaueHus aedopmanyu T npu H, = 30 O,
/=100 MTI1 1 pa3nU4YHBIX 3HAYEHUSIX yIIa Yy: 1 — Y, =
=—-0.0ln; 2 — yy = —0.027; 3 — Yy, = —0.037; 4 — y, =
=—0.05m; 5 — y, = —0.07m; 6 — y, = —0.107. OcTanbHbIE
rapamMeTpbl, UCITOJIb30BaHHBIE TIPU pacuyeTax, TAKUe XKe,
Kak Ha puc. 1.

DOU3NKA METAJIJIOB U METAJIJIOBEAEHUE

5TOM B IIMPOKOM HMHTEpPBaje 4acTOT HaOII0maeTCs
BBICOKAsI YyBCTBUTEILHOCTh MU K cKpyurBaOLIUIM
HAaIPSIKeHUSIM.

Crenyetr OTMETUTbh, UTO OTHOCUTEJIbHOE U3MEHE-
Hue [MMU (AZ/Z), cyliecTBEHHO 3aBUCHUT OT yIJjla OT-
KJIOHEHUSI OCH aHU3O0TPONUU |, OT a3UMYTaJTbHOTO
HaITpaBJIeHUs BO BHEITHEW 00JIACTH MUKPOIIPOBO/IA
U pa3Mepa 3Toi objiacTu. PucyHoK 4 MinmiocTpupyer
BIMSIHUE YIJ1a |, Ha 3aBUCUMOCTb (AZ/Z). OT 3Haue-
HUS cKpydynBaronieii nepopmanmuu. CorracHo BBIpa-
keHuo (12) ¢ yBennueHueMm yria Y, 3HaYECHUE T,
BO3pACTAET, U MOJIOKEeHUEe Makcumyma (AZ/ 7). caBu-
raercsl B CTOpoHy 6osbiiux T. [Tpu ¢hukcupoBaHHOI
yactote (AZ/Z).. mocTUTaeT MakKCuMyMa IIpH HEeKO-
TOPOM yTJie Y, (KpuBast 5 Ha puc. 4).

Kak nmoka3zanu skcrepuMeHTalbHblE UCCEN0Ba-
HUSI, paguyc LEHTpaJIbHOU OO0JACTU MOXET ObITh
YMEHbIIEH MPU YBEJIWYEHUU TeMIlepaTypbl U JIU-
TEJILHOCTU OTXMUra [9], a TakKe IIpY yBEJIMUYCHUM Ha-
npsizkeHuit Bo Bpemst orxkura [10]. ITpu aTom pasmep
KOpa OKa3blBaeT CYIlIECTBEHHOE BIMsSIHYE HAa 3aBUCH-
moctb MM ot BHeliHero nois [12].

YacTtoTHas 3aBUCUMOCTb (AZ/Z),, pacCUMTaHHAas
JUJTS pa3JIMuHbIX 3HAYEHU U pagnyca lIeHTpajlbHOM 00-
JIaCTH 7 U YIJIOB OCU aHU3O0TPONUU B 00OJIOUKE s,
MpencTaBjieHa Ha pUC. 5. YMeHbllIeHre paauyca Kopa
7 IPUBOJMUT K yBesimueHuto (AZ/7).,, Tak Kak Bo3pac-
TaeT BKJIaJ BHEIIHEH 00JacTu C TeJMKOUITbHOM
aHuzoTtponueit B oTkiuk 'MU. I1pu a3ToM yacTorta,
npu kotopoit (AZ/7Z)., nocTuraer MakCuMyma, CHU-
xkaetcsi. C yBEJIMUEHUEM YIJIa OTKJIOHEHUSI OCU aHU -
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(AZ/Z)cr, %

50

0 50 100 150 200
/. MIu

Puc. 5. 3aBucumocts (AZ/Z),, ot yactotsl fipu H, = 30D
U Pa3INYHBIX 3HAUYEHUSIX Y, U 7. CIUIOIIHBIE IMHUU — =
=6 MKM; ITyHKTUPHBIC JIUHUM — ¥ = 2 MKM; [ — Y, =
=—0.05m; 2—y, = —0.07x; 3 — y, = —0.107. OcranbHbIe
TapaMeTpbl, UCIIOIb30BaHHBIE IIPU pacyeTax, TaKHhe XKe,
Kak Ha puc. l.
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BIVUAHUE CKPYUYUMBAIOIIIWX HAITPS>KEHUU

30TPONKU B 000JIOUKE OT a3UMYTaAJIbHOTO HampasJe-
HUs 3HaYeHUs (AZ/Z).. yMEHBIIAIOTCS, a TIOJIOXKEeHUE
MaKCMMyMa B YacTOTHOU 3aBucumoctu (AZ/Z).,
CIABUTAETCSI B CTOPOHY 00Jiee BLICOKMX YaCTOT.

B 3zakioueHue 3TOro pasaeiaa OTMETHUM, 4YTO
MpeacKa3aHus NPeaIoXKeHHO MOIe I Hy>KIal0TCs B
9KCHEPUMEHTAILHOM moATBepxXaeHnn. OIHaAKO 10
HACTOSIIETO BPEMEHU BIUSIHUE CKPYYMBAIOIIMX Ha-
npsckeHuiik Ha 'MW B OTOXCKEHHBIX aMOpP(MHBIX
MUKPONPOBOIAX C MOJIOXKMUTEIBbHON MarHUTOCTPUK-
L1el BKCNepMMEHTAIbHO He uccaenoBaiu. I1pu atom
MOJIEJTb TTO3BOJISIET OIKCAaTh OCHOBHBIE Pe3YJIbTAaThl UC-
cinepoBanuii MU B OTOXCKEHHBIX MUKPOIIPOBOIAX B
OTCYTCTBME BHEIIHMX HampspkeHuit [8—10]: u3mene-
HUe BUIa 3aBUCMMOCTHU UMIIeIaHCa OT MOJIsl ITPU yBe-
JIMYEHUM Y9aCTOThI, 3HAUYeHMsI BHEITHUX IIOJIEH, IpU
koTtopblx MM pocturaer makcumyma [12]. Kpome
TOr0, TEOPETHMYECKUE Pe3yJbTaThbl IMpeacKa3biBaloT
3HAYCHMsI OTHOCUTEIbHOTO n3MeHeHus1 T MU, 61u3-
KHE K DKCIIePUMEHTATbHBIM.

3AKJIIOYEHHME

B pabote mpoaHanu3snpoBaHO BAUSHUE CKPYYH-
BamoIux HanpskeHnidi Ha TMUW B amopdHOM MUK-
pOIIPOBOAE C IOJIOXUTEILHON MarHUTOCTPUKIIMEC 1
HaBeIEHHOI B pe3yJabTaTe OTXKMra TeJIMKOMIAIbLHOM
MarHUTHOM aHU30TPONUEN B MOBEPXHOCTHOM CJIOE.
BnusHue ckpydmBarommx HarpsikeHuit Ha TMMU cBs-
3aHO C B3aMOJEMCTBMEM HABEICHHOU aHU30TPOITMU B
MUKPOITPOBOJIE 1 MATHUTOYIIPYTOi aHU30TPOITUU, UH-
IYIAPOBAHHON CKPYYMBAIOIINMK HAMPSLKEHUSIMU.
IIpunoxxeHne BHELIHUX HAIPSDKEHUI MPUBOIUT K
W3MEHEHUIO MArHUTHOM IPOHMUIIAEMOCTU U Cylle-
CTBEHHO BJIMseT Ha OTKIUK TMMU.

ITosyyeHO BBIpaxkeHHe IJIs MMITeTaHca MUKPO-
MPOBOJIa C YYETOM CYIIIECTBOBAHUS B HEM IBYX 00J1a-
CTel ¢ pa3InYHbIMU TUIIAMU aHu3oTponuu. [Tokasa-
HO, YTO IPY HM3KUX YaCTOTaxX BO30YXKIAIOIIEro TOKa
MIPWIOXKEHNE BHEIIHUX HAIIPSDKEHUI MOXET IIPUBO-
IUTh K W3MEeHeHUIo Bupa 3aBucuMoct I'MU ot
BHEITHETO ITOJISI C OMHUM MaKCUMYMOM K 3aBUCHUMO-
CTH C ABYMSI MAKCUMyMaMMU.

3aBUCHUMOCTh OTHOCHUTEIbHOTO u3MeHeHuss MU
OT 3HAYEHUSI CKPYYMBAIOIIMX HAIIPSDKEHUIT UMeeT
ACUMMETPUYHBINA XapaKTep ¢ MaKCUMyMOM, KOTO-
PBII COOTBETCTBYET BOZHUKHOBEHUIO 3((HEKTUBHOM
LAPKYJISIPHOI aHU30TPOIUM B IIOBEPXHOCTHOM 00-
JTacTi MUKporpoBoaa. [1pu 3ToM B IIIUPOKOM JUAaTIa-
30He 9acToT OTKJIMK MU nMmeeT BHICOKYIO YyBCTBU -
TEJILHOCTb K CKpy4YMBaIOIIUM HanpskeHussM. [loiry-
YeHHBIE PE3YIbTAaThl MOTYT ObITh UCIHOIB30BAHbI IPU
pa3paboTKe CEHCOPOB CJIA00T0 MAarHMUTHOTIO II0J/s, a
TaK>Ke JAaTYMKOB MEXaHUYECKUX HaIIPSIKEHUIA.

Astop npusHatenieH C.A. bapanoBy u B.B. I1omno-
BY 3a IOJIE3HbIE OOCYXIEeHUS.
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