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B pabore Teopernuecku ncciemyercs nepdopupoBaHHas IJIEHKa [JIAHAPHOIO (DeppOMarHeTuKa IpU Ha-

JIMYINU HEOJHOPOJHOI'O Mal'HUTOJIEKTPUIECKOI'O B33,H1\40‘H€I7ICTBI/I$I. HOKaBaHO, 9TO IIOJ BJIMAHUWEM BHEIIIHETO

QJIEKTPUYIECKOT'O II0JISI MarHuTHad CTPYKTYpa TAKOM IIJIEHKM MOXKET MEHSITh CBOIO TOIIOJIOrmio. Bosee TOro,

JO0Ka3aHO, 4TO JJId IIPOU3BOJILHON Hallepe/] 3alaHHOM TOIIOJIOTNH MAarHUTHOI CTPYKTYPBI MOXKHO yKa3aTh pac-

[IpeJiesIeHre JIEKTPUIECKOTO TIOTEHITHAIA, TIPU KOTOPOM JIaHHAs TOMOJIOTUs pu3ndecKn peagusyercs. [Ipuse-

JEeHbl ABHbIE BbIpayKeHUdA, OIpee/IgIoNIye TOIIOJIOTNI0 MariHuTHON CTPYKTYPhI IIPHU 3aJaHHOM paclpeae/IeHUn

IIOTEHIHaJIa KaK B 0611161\/[, TaK U B pAle YaCTHBIX CJIy1vaeB.

DOTI: 10.31857/S0370274X25010156, EDN: ZCDUYC

BBenenne. Ha manubIii MOMEHT yCJIOBUS 3apOXK-
JIEHHsT TOTIOJIOTUIECKN 3AIUIIEHHBIX MATHATHBIX HEOJI-
HOPOJHOCTEH PA3JIMIHOrO TUIA (CKUPMUOHOB, OUMEPO-
HOB 1 T.J. [1,2]) usydeHsl yxKe ¢ HOCTATOYHOl CTere-
HBIO [OJHOTHI U OCHOBATEJIBLHOCTHU (CM., HAIIpUMED, [3—
5]). Tem He MeHee, 3a7a4a yupasieHns (GOPMUPOBAHU-
€M TAKHX CTPYKTYD eIle JAJEKa OT IIOJHOTO PeleHus,
YTO MPENSTCTBYET X MUPOKOMY IIPUMEHEHUIO HA TTPaK-
tuke. ITpu 9TOM BOZHUKAIONINE 3aTPYAHEHUS JAJCKO He
BCEr/Ia HOCAT NMPUHIMIHAIBLHBIN XapakTep: JaxKe B TeX
Caydasx, KOTJa I BUXPEIOJO00HON HEOZHOPOIHOCTH
¢ 33JJAHHBIME CBOMCTBAMU MOXKHO YKa3aTh CTabUIN3U-
pyIoIliee ee BHENIHEee BO3IeHCTEIE (HAIIPUMED, BHEIITHEE
MArHUTHOE 1I0JI€ OIIPEIeJIEHHON KOHMUrypalmn), ¢ Tex-
HUYIECKOI TOYKM 3PEHUd peasn3aliud JAHHOIO BO3Iel-
CTBUS MOXKET OKa3aTbCdA 3aTPYJHUTEJILHON WM JTarKe
HeBo3MOKHOi. Tak B [6] ObLIO TeopeTHUecKH mOKa3a-
HO, 9TO LPEIJIOKEHHbIE B |7, 8] MArHUTHbBIE CTPYKTYDBI
¢ HETPUBUAJILHOI TONOJI0THEH, (DOPMUDYIOIMIUECS B IIEP-
GOpUpPOBAHHBIX ILICHKAX ILJIAHAPHOrO (heppoMarHeTu-
Ka, CTAHOBATCS YCTONYMBBIMU NTPU TPOITYCKAHUH JJIEK-
TPUYECKOTO TOKA ONPEJIECJICHHON BEJIMYUHBI 9epe3 Ofl-
Hy u3 umeromuxcs nepdopanuii. XoTs Takoil 1101xo.
U TIPEJICTABJIAETCA BIIOJHE PEAJU3yEMbIM Ha MPAKTHKE,
OH 00JIaIA€T METBIM PSIOM CEPbE3HBIX HEIOCTATKOB: BO-
[EPBBIX, €r0 IPUMEHUMOCTD OIPAHIYEHA UCKTIOIUTE b=
HO JIU3JIEKTPUYECKUMU MarHeTukaMu (1pu 3roM nepdo-
paIuy MOTYT ObITH 3aIIOJTHEHBI TPOBOSATIM HEMATHUT-
HBIM MATEPUAJIOM ), BO-BTOPDIX, IIPOILYCKAHUE TOKOB Ye-
pe3 obpaser] MOXKET [IPUBOIUTH K HEXKEJIATEIHHBIM Tell-
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JIOBBIM 3hekTaMm, B-TPEThUX, YMEHbIIICHIE Da3MEPOB
nepdoparmit Oy1eT CBA3aHO C POCTOM ILUIOTHOCTU IIPO-
IIyCKaeMbIX Yepe3 HUX TOKOB, YTO HAKJIAJIbIBAET OIIpe-
JleJIEHHbIE OTPDAHUYEHNs] HA BO3MOYKHOCTH MUHUATIODH-
3aI yCTPOICTB HA OCHOBE MepMOPUPOBAHHBIX ILIE-
HOK; KPOME TOr0, IPOIYCKaHHE TOKAa POBHO {epe3 O/I-
HY M3 HECKOJIBKUX OJIN3KOPACIIOIOKEHHBIX HAHOPAa3MEP-
HbIX epdoparuii caMo 110 cebe ABIIeTCH HETPUBUAb-
Hoit 3ajiadeii. B macrosmeit pabore paccMaTpuBaeTcs
aJIbTePHATUBHBIN CIIOCOO CO3JaHKMs CTPYKTYD yKa3aH-
HOTO THWIIa, KOTOPBIN 3aK/II0YAETCS B YIIPABJIEHUN Mar-
HUTHOW IIOJICUCTEeMOIl 00pa3Iia IOCpPeJCTBOM BHEITHe-
ro aekTpuyaeckoro modst |9, 10]. JaHHAsT BOSMOXKHOCTS,
MOABJIAIONIASCA B MaTePHaaX C HEOJIHOPOIHBIM Mar-
HHUTO3JIEKTpHIecKNM B3anmmMozeiicteuem (HM9B) [11],
SIBJISIETCSI IIPUBJIEKATEJIBHOM, C OIHON CTOPOHBI, W3-3a
[IPOCTOTHI CO3MAHUS JIEKTPUIECKUAX TOJIEH, & C JIpy-
roii — m3-3a Kpaline IMIMPOKOrO CHEKTPa CTPYKTYpP, KO-
TOPBbIE MOI'YT OBITH CTAOMJIM3UPOBAHBI ITOJISIMHU IIOXO-
Jsmeit kKoudurypanuu. Kpome Toro, Takoii mogaxos pe-
aJIM3yeT MPUMEHEHNE SHEProcOeperaronmux TeXHOTOT I
yupasienus [12].

1. ITocranoBka 3amaum. bymem paccMmaTpuBaTh
HEOTPAHUYECHHYIO (DePPOMATHUTHYIO IIEHKY TOCTOSH-
HO¥1 MaJIOIl TOJIIUHBI h, B KOTOPOil IPUCYTCTBYET OIpe-
JIEJIEHHOE YHUCJIO CKBO3HBIX [MJIMHJPUIECKUX OTBEP-
cruit. ObozHaunM Yepe3 R; pajinyc i-ro OTBEPCTHSI, a de-
pe3 1;; PACCTOsSTHUE MEXK/Ty IIEHTPaMU OTBEPCTHUil ¢ HOMe-
pamu i u j (cm. puc. 1). IIpu 3T0M orpaHndmuMest ciryda-
€M, KOI/Ia pa3MepPbl OTBEPCTHIl SIBJISIIOTCS MAJIBIMU, TAK
TTO0, O Kpaiimeit Mepe, max(R;, R;) < r;;. Ilycrs ma-
TepuaJl IJIEHKU IIPeJICTaBisieT co00i IJIaHaPHBIIl MarHe-
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Puc. 1. (Ilsernoit onnaita) I'eomerpus nepdopupoBanHoii
mieHkr. KpacHoil ¢cTpesikoil 1moka3aHo HaIPaBICHUE €M~
HIUYHOT'O BEKTOPa HaMarHUYeHHOCTH

THK, TAK YTO eIUHUIHBIH BEKTOP HAMAIHUYEHHOCTU M
HE MOYKET BBIXOJUTH U3 IIOCKOCTU 00pa3na. DTO UMeeT
MEeCTO TP HAJUIUU CHJIBHOW KPUCTAJIIHIECKON AHM30-
TpoIuK TUMa “Ierkas miIockKocTs” [8] wim aHn3oTpONMN
dopmer [13], Bo3HHKaOIEH B TOHKUX IUIEHKAX BCJIEJI-
CTBUE BJIUSHUS PAa3MArHUIUBAIONMX MoJieil. B Takom
clydae OpPUEHTAIMsI BEKTOpa 1M MOXKeT OBbITh 3aJlaHa
€JIMHCTBEHHBIM yIJIoM 6, u moJsiHyto sHepruto W cucre-
Mbl MOKHO IIPEJICTABUTH B cjelylomieM Buje 7, 14]:

W =Wai+Wg (1.1)

Wa = /A(VH)thS, (1.2)

Wg = /beE(m divm + m x rotm)hdS, (1.3)

roe A — obmennblii napamerp, My — HAMArHUYEHHOCTD
HaceieHus, b — koucranra HMIB [12], E — nHanpsizken-
HOCTB 3JIEKTPUYECKOI'O 1I0JIsI B JIAHHON TOYKe 0obpasla,
a MHTErPUPOBAHNE BEIETCS 0 BCEH IIOCKOCTU IJIEHKU,
3a MCKJIIOUEeHHuEeM 00JjiacTell, 3aHuMaeMbIX epdopariusi-
M. OTMETHUM, YTO BKJI&JL OT pa3MarHUIUBAIOIIUX TOJIe
He yUTeH sABHO B BbIpakeHusx (1), MOCKOJIbKY B TOHKUX
IJIEHKAX UX BJINASHUE CBOIUTCS IPEUMYIIIECTBEHHO K I10-
SIBJICHUIO AHU30TPOINH (POPMBI, KOTOPasi B U3y9IaeMOM
cirydae 00eCIeInBaeT IIAHAPHOCTD PACIIPE/IEICHUS Ha~
MarHH9IeHHOCTH.

Hajimume oOMEHHOrO B3aUMOIEHCTBUSI, KOTOPOMY
oTBedaeT dHeprusi W4, IPUBOIUT K TOMY, 4TO BO BCeii
BHyTpeHHe obacTu obpasia yroJj 6 mpeacTasiisieT co-
60Ii HelpepbIBHYO (DYHKIIUIO IIPOCTPAHCTBEHHBIX KOOP-
JUHAT. dTa PYHKIUsI, OJIHAKO, HEODI3ATEIbHO sIBJISIeT-
cd OIHO3HAYHOI: mpu 00XOIe BOKPYT -0 OTBEPCTUS
[0 9aCOBOIl CTPEJIKE ee 3HAYEHUE MOXKET MEHSThCHA Ha
yron 2wk; (37ech k; — OPOU3BOJIBHOE IIEJIOE THCJIO),
IMucbma B 2K9TD
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9TO COOTBETCTBYET COBEPINEHUI0 BEKTOPOM HAMATHU-
JIeHHOCTH k; TOJHBIX 000poToB. Habop 3navennii ky, ko,
ks,. .. 171 Bcex nepdopaluii 06pasiia MOJTHOCTHIO 3a/1a-
€T TOIOJIOTUI0 HADJIIOIaeMOll B HEM MAarHUTHOM CTPYK-
Typbl. Hecsto2kHO BUmeTh Py 9TOM, 9TO JIJIsi BUXPEIIO-
JIOOHOI MArHUTHON CTPYKTYPbI, KOTOpasl JIOKAJIU30BaHA,
B obJracTu MaccuBa nepdoparuii, a BIaan OT 3TOTO Mac-
CUBa TATOTEET K OJHOPOIHOMY DACIIPEIEJICHIIO HAMAT-
HUYEHHOCTH (B 9TOM CMBICJIE TIPEJICTABIIsisI COOOH ye -
HEHHY0 MArHUTHYO HEOJHOPOHOCTH ), JOJI?KHO BBIIIOJI-
HSATHCH CJIE/IYIONIEE yCIOBHE:

ki +ko+ks+...=0, (2)

[IOCKOJIbKY B IIPOTUBHOM CJiydae BEKTOp m Oyjzer co-
BepIIATh HEHYJIEBOE UUCJIO IIOJHBIX 0OOPOTOB JaKe pu
00x01e BI0/Tb OECKOHEYHO YIAJIEHHOTO KOHTYDPA, OXBa-
TBHIBAIOIIIErO BCE OTBEPCTUSI.

[Iycte myis Haga 8 JIEKTPUIECKOE TT0JIe OTCYTCTBY-
er, te. E = 0. Torma ycioBme MumHEMMYMa SHEPIUU
W = W4 cBoaurcst K ypapaenuto Jlammaca Af = 0.
Kaxk nokaszaHo B [8], naHHOE ypaBHeHNe NMeeT PeleHus,
OTBeJaIOIIIe IPOU3BOILHBIM HaOopaM ki, ko, k3, . .., o7
HAKO TOJIBKO IIPU BBIMOJHEHNH YCIOBHsI (2) 9HEpPrust cu-
CTeMbl OKa3bIBAETCsI KOHEYHOI, & UMEHHO

WA = 74’/TAhEi<jkikj 1I1(7’Z'j/\/ R,LRJ) (3)

Ha pucynke 2 mpom/umrocTpupoBaHO OIHO U3 TAKUX Pe-
IEeHWil JjIs IJIEHKH ¢ TpeMs 1epdOpaIisMu, Olpejie-
JIATONee MATHUTHYIO CTPYKTYPY € Tomojorueit k; = —2,
ke = +1, k3 = +1. VI3 mosokurtesibHON OIIPeIeIeHHOCTH
BesinauHBL W4 $ICHO, 9TO BCE HOJ00HBIE COCTOSIHUSI CH-
CTEMBI SIBJISIFOTCSI METACTAOM/IBHBIMU, 38 MCKJIFOUEHUEM
YCTONYIMBOTO OJTHOPOIHOTO COCTOsAHUsA # = const, B ciry-
qae KoTtoporo k; = 0 [j1st KaxKJ10ro u3 orsepctuii. Tem
He MeHee, MocJjie BKJIIOYeHUs BHeNTHero noJist E rimobasib-
Hblil MuHuMYyM 3Heprum (1) MOXKeT HOCTUraTbCd yiKe
I KAKOM-TO M3 CTPYKTYP, 00JIATAIONNX HETPUBUAb-
HOit TomnoJiorueit. OrbicKaHuio 3HaYeHuit ki, ko, k3, .. .,
KOTOPBIE OTBEYAIOT yCTOUYUBONH MArHUTHON CTPYKTYype
[IPU 33]AHHON KOHMUTYPAIIUN SJIEKTPUIECKOTO MOJISA, U
ITOCBSIIIEHBI JTaJIbHENIINEe PacCy K IeHUsI.

OrmeruM, 9TO XOTd B CJIydae CTPYKTYD, JJid KOTO-
PBIX HE BBIIOJIHAETCs ycjioBue (2), 0OMEHHAas SHEPrus
W4 oxasbiBaeTcs OECKOHEUTHOH, 3TO, BOODIIE TOBODSI,
ele He 03HAYAET, UTO TaKas CTPYKTypa B IPHUHIUIE HE
MOXKET OBITH CTAOWIM3NPOBAHA JJIEKTPUICCKUM TIOJIEM.
Hanporus, B patore [15] 6b110 IOKA3aHO, UTO B IIJIEHKE
¢ o/THOM TTepdoparireii MOXKHO JIOOUTHCS YCTOWIMBOCTH
COCTOSIHUSL C TIPOU3BOJILHBIM 3HAYEHUEM K, €CJIU Yepe3
JAHHYI0 TepdOopaInio MPOIyIneHa OeCKOHETHO TPOTSI-
JKEeHHasl 3aparKeHHasl HUTh. [Ipu 3TOM, KaK HEeCJI0XKHO
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Puc. 2. (IlBernoit ounaiin) Ilpumep pacupezeneHns Ha-
MarHUYeHHOCTH, OOJIaAIOIIEro HETPUBUAIBLHON TOIOJIO-
rueit. CepbIMU CTpEJIKAMU [TOKA3aHO HAIPaBJIEHNE HaMar-
HUYEHHOCTH B PA3/IMYHBIX TOYKax obpasna. [Ipu o6xome mo
YaCOBOI CTPEJIKE BOKPYT IepdOopalini, oKa3aHHONH Kpac-
HOI OKPY?KHOCTBIO, BEKTOP HAMATHUYEHHOCTU COBEPIIIAET
ki1 = —2 obopota, a npu 00xome BOKpYT mepdoparmii, mo-
Ka3aHHBIX CHHIMU OKPYXKHOCTsMHU, k2 = k3 = +1 oboport

yoenurbesa, Wgp — —00, 9TO U pas3pernaer KaxKyIuii-
cs nmapaJiokc. Tem He MeHee, JlaHHAsI CUTYyallUsl sIBJISeT-
Ccs1, 110 CYTH, €JIMHCTBEHHBIM MCKJIFOUEHUEM W3 [IPABUJIA,
B TO BpeMd KaK MOJI¢ IIPOU3BOJBHONM OrPDaHWMYCHHON B
IIPOCTPAHCTBE CUCTEMBI 3aPAI0B, PA3YMEETCsl, HE MOXKET
cTabuan3upoBaTh CTPYKTYpPYy ¢ Wy — +o00. IlosTomy B
paMKax HACTOLAIIel pabOThl COCTOSHUSA, HAPYIIAIOIIIE
yciaoBue (2), paccMarpuBaTbed He OyiLyT.

2. Pemnenne B o6miem ciydae. Beeigem B pac-
CMOTPEHUE IMOTEHIINAJ FJIEKTPUIECKOIO OJIS (0, TAK ITO
E = —grad¢. Torga, upexucrasiss B (1) KOMIOHEHTBI
BeKTOpa m 4epes yroJ 0, njst sueprun HMIB nosry4a-
eM:

Wg = / M?2bdiv(e[n x V0))hdS, (4)

rjie n — JUHUYHBIA BEKTOP HOPMAJHU K MOBEPXHOCTH
obpasua. U3 Buia Boipaxkenus (4) scHO, 9TO cJarae-
Moe Wg He Jaer BKJaJa B BAPUAIMOHHYIO ITPOU3BOJI-
uyio 0W/60, a 3mauur, gaxke npu Hajuauu 1oss E
BCe CTaOUJIbHBIE U METACTAOUILHBIE COCTOSIHUS CHCTe-
MBI [TO-IIPEXKHEMY OIMCHIBAIOTCS PEIICHUAMA YPABHEHU S
A = 0. Caenosarennro, dopmyna (3) s 0OMeHHOM
sHeprun W, TakKe O0CTaeTcd MPUMEHUMOI JIJIsi PABHO-
BECHBIX CTPYKTYP € 3aJ@annoii Tonosorueit. Kpome To-
ro, Bbipakenue (4) MoxKer ObITh IIPEJICTABIEHO B BH/IE
CYMMBI HHTETPAJIOB TI0 IpaHuiiaM repdoparinii, a Takxke
UHTerpaJja mo ODECKOHEYHO YIAJIEHHOH rpaHuile odpas-
na. Ilocmenunii WHTErpaJ oOpamaercsa B HyJIb BCJIEI-

CTBHE COOTHOIIEHHs (2) M HOCTOSHCTBA MOTEHIMATA @
Ha GeckoHeyHOCTH. VIHTErpasibl 110 rpaHuiaM mnepdopa-
Ui TaKkzKe MOYKHO BBIUUC/INTB $IBHO, €CJIN YI€CTh, UTO
BCJICJICTBHE MAaJIbIX Pa3MePOB OTBEPCTHI 3HAYCHUS 10
TEHIAAJIA ( HE YCIEBAIOT CYIIECTBEHHO M3MEHHUTHCH B
ux 06JIaCTH, U JJIsl TPAHUIIBI 4-TO# nepdopaln MOKHO
OPHUHATE ¢ ~ @ = const. Orcioma masg sueprum HMDOB
MeeM:

Wg = 2n M2bhYk; ;. (5)

Takum o6pa3om, moJiHast FHEprust cucreMbl W nipn 3a-
JTAHHBIX 3HAYeHUAX k1, ko, k3, ... OIpeesieTcs CyMMOii
Beipazkenuit (3) n (5), m.e. mpeacrasiasger coboil KBaJI-
PATUYHBIA [OJUHOM OT IepeMeHHBIX k;. Munumusa-
15T HTOTO MOJIMHOMA, € JIOTIOJHUTENBHBIM yCIoBHEM (2)
[IO3BOJISIET HANTH TOMOJIOTUIO MATHUTHON CTPYKTYPHI,
YCTOWYUBON TIPK 3aJ@HHLIX 3HAYECHUAX 1,02, 3, ...
[IOTEHIINAJIA TIOJIS.

OrnpeniesieHHast CJI0KHOCTL PEIIeHust CHOPMYTHPO-
BAHHON BBINIE 3aJ[a9M ONTUMU3AIUN 3aKJ/II0YaeTCd B
TOM, YTO UCKOMbBIE€ BEJIMYUHBI k; JIOJXKHDBI BBIOMPATH-
cs, BOODIIIE TOBOPSI, M3 MHOXKECTBA IEJIbIX duces. Zlc-
HO, OJTHAKO, 9TO OT JAHHOIO ONPAHUYECHUs] MOYKHO OT-
Ka3aThCs, [MOCKOJbKY BCJIEJCTBUE IPOCTOrO XapakTepa
zapucumocru byuxuu W (ky, ko, ks, .. .) oT cBOUX apry-
MEHTOB pEIlleHNe 3aa91 B MEJIbIX YUCIAX MOXKET ObITh
[IOJIy9EHO OKPYIJIEHUEM JeHCTBUTE/IHLHBIX 3HadeHuit k;,
MUHAMUBAPYIOMUX GyHKIWMIO W U yI0BICTBOPSIONIIX
yeaoBuio (2) (Heob6X0AUMO IOMIEPKHYTh, BIPOYEM, UTO
TaKoe OKDYIVIEHHE B DPsJie CJIydaeB MOXKET OKa3aTbCs
HETPUBUAJILHBIM: HAIIPUMEP, HE BCErJa KOPPEKTHO IO-
IPOCTY BBIOMpaTh OJimkaiimue K k; [esble 9uciia, mo-
CKOJTbKY CYMMa TAKHUX IEJIbIX 9UCET MOYXKET OKA3aThCs
y2Ke OTJAMIHON OT Hysist). IIpuMeHsist MeTo| Heolpe/ie-
JIEHHBIX MHOXKUTeJeil Jlarpamxka, s Takux JeiicTBu-
TEJIbHBIX 3HAYCHUN HMeeM:

i = YoX;Ciikj + s, (6)

e Py = 13[—’;7, 1)s — MPOU3BOJIbHAS TIOCTOSHHAS BEJIM-

qnHa, a

= In(ri;/\/RiR;), ©# Jj,
j — . .
0, i =7.

[Moacrasiss B popmyiy (6) nesble 3uadenus k;, MOXKHO
[IOJIyYUTh 3HAYEHUS IIOTEHINAJIOB ;, IIPU KOTOPBIX 3a-
JlaHHbIE k; Oy/LyT B TOYHOCTH MUHUMUBUPOBATH SHEPIUTO
W cucrembr. OTciofia BBITEKAET, 9TO JJIsI TPOU3BOJIb-
HOIl Hamepej 3ajanHoi Tononoruu ki, ks, ks, ... MOXK-
HO yKa3aTb PACIPEJIETICHAE JIEKTPUIECKOr0 OTEHIUA-
JIa (p, Ipu KOTOPOM (bOPMUPYIOIIAsICT B 00pa3Ie yCToii-
YUBasg MATHUTHAs CTPYKTypa OyJIeT UMETh UMEHHO Ta-
Kyto TonoJioruto. Cremayer MmouepKHyTh, 9TO pedb IpU
TTucema B 2KOTO
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9TOM HE UJET O KAKOH-TO CIermduIeckoil Konpurypa-
WU [0/, TPYAHO PeaJu3yeMoii Ha IpakTuke: hakTu-
Jecku, Jist (POPMUPOBAHHUA CTPYKTYPbl HY?KHOT'O THIIA
JIOCTATOYIHO CO3/IATh MEXK Ly MephOparsiMu MOIXOS-
[ue PasHOCTHU [OTEHIUAJIOB, IpuieM coorHolienue (6)
3a/1aeT JIMIIb “peKOMeH IyeMble” 3HAYCHUsT TAKUX Pas3-
HOCTEH, OT KOTOPBIX JIOITyCTUMO B HEKOTOPBIX MTPEIEIax
OTKJIOHATHCS.

Pemast namee ypasrenue (6) OTHOCHTENILHO HEH3-
BECTHBIX k;,[TOJIyIaeM:

ki =g 'S0 (95 — ¥s). (7)

B orummune or dopmyist (6), Tae BeaumduHa 1hg Opes-
CTaBJISIET COOOM MTOCTOSTHHYIO JTIOOABKY K ITOTEHITHALY ©,
KOTOpast He BJINSIET HA HAIIPS?KEHHOCTH 11oJist B 1 MozkeT
OBITH BBIOpaHA IIPOU3BOJILHO, B (7) 3HAUYeHHE s HEOOXO-
JINMO KOHKPETU3UPOBaTh. [IpoBepsist BBILIOJIHEHUE YCJIO-
Bug (2), HAXOAUM:

’(/}S = EL,‘Ci;l(,Dj/Ei’jCi;l. (8)

Coornomenust (7) u (8) ¢ TOYHOCTBIO 70 HEOOXO MO~
CTH OKPYIJIeHWsI 3HAYEHUil k; OIpeesisifoT TOIOJIOTHIO
MarHUTHOM CTPYKTYPbI, CTAOUIN3UPYIOIIeiicss B 0bpa3-
1€ TIOJT, IeHCTBUEM TIOJISA 33 aHHON KOH(MDUTYPAITUN.

3. Cayuaii oqHOpOAHOrO 110Jisi. B Kauecrse 1pu-
Mepa IPUMEHEHUsS PA3BUTON TEOPUN PACCMOTPHUM ILJICH-
Ky C JByMs mepdopalldsiMd paBHOro pajuyca Ry =
= Ry = R, paccrosiHue MexKJly KOTOPBIMU 712 = a (CM.
puc. 3). Ilycrs B obuactu nepdopanuii s/eKrpudeckoe
[IoJIe SIBJISIETCS OJHOPOIHBIM, W IPOEKIIAsl €ro HaIlps-
JKEHHOCTH Ha JINHUIO, COEJIUHSIIONIYIO IIeHTPhI epdopa-
uuil, papua E (Ha puc. 3 cOOTBETCTBYIONIA KOMIOHEHTA
noJid aBigercs epuacrsennoi). Torma o — o1 = —Fa,
u u3 dopmyn (7) u (8) Haxoamum:

_ Fa
2o In(a/R)’

Takum 06pa3zoM, BO3/IEHCTBUE OHOPOJIHBIM TIOJIEM T103-

ko = —k1 9)

BOJISIET CTAOMIN3UPOBATH B OKPECTHOCTHU TAPbI ePdO-
parmii BUXpEnoI00HyI0 HeOIHOPOIHOCTE. B gacTHOCTH,
cTpyKTypa ¢ ko = +1, moKa3aHHas HA PUC. 3, COIVIAC-
HO opmyne (9), MoxkeT chOPMUPOBATHCSI, HAIPUMED,
upu a/R = 10, E = 4.59/a. Bosee Toro, nockoIbKy B
ciydae JIByX nepdopalinii He MOXKeT BOSHUKHYTH HEOJI-
HO3HAYHBIX CUTYaIUil ¢ OKpyTJIEHneM 3HadeHuii k;, pop-
mysia (9) HO3BOJISIET OIEHUTh MUHUMAJIBHYIO BEJIMIUHY
mosis F, mpu KOTOPO# ycTolumBas CTPYKTyPa OKa3bIBa-
eTcsl HeOMHOPOHOM. A mMeHHO, u3 yciosus |ka| > 1/2

IMEEM:
|E| > %ln(a/R). (10)
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Puc. 3. (ernoii onmaiin) Pacupenesnenne HamMaranndes-
HOCTH B IJIEHKE C JBYMsi repdopaliusMi, BO3HHKAIOIIEe
[0/, BO3JENHCTBUEM OJIHOPOJHOIO 3JIEKTPUYECKOTO IIOJIS.
3esieHoit cTpesikoil moKaszaHo HarpasieHue 1mosst. Cepbi-
MU CTpeJIKaMH IIOKA3aHO HalpaBJIeHne HaMarHUYeHHO-
CTH B PA3/JIMIHBIX TOYKax obpasma. llpu obxome mo 4a-
COBOM CTpeJIKe BOKPYT mepdopalun, NOoKa3aHHOW Kpac-
HOM OKPY?KHOCTBIO, BEKTOD HAMATHUYEHHOCTH COBEPIIAeT
ki = —1 obopor, a mpu 06Xo/e BOKPYT TepdOopaluu, mo-
Ka3aHHOI CHHel OKpPYKHOCTBIO, k2 = +1 obopor

Coornomenue (10) 1OKA3bIBAET,9TO [PHU yBEJIUICHUU
PACCTOSIHUSI MEXKJLY OTBEPCTHUSIMHU JIJIsl CO3IAHIS BUXPE-
10100HOI HEOTHOPOMHOCTH TPEOYIOTCS T0JIsi BCE MEHb-
meit BesmuwHbl. Jlannoe o00CTOATEIHCTBO OJarompu-
SATHO JIJIsI 9KCIIEPUMEHTAJLHON ITPOBEPKHU M3JIaraeMoi
TEOpUHU.

Paszymeercst, 0JHOPOIHOE 110JI€ MOYKET CTaOUTH3UPO-
BaTh TOMOJOIMYECKH HETPUBUAJBHBIE CTPYKTYPBI TAK-
K€ U B IUIEHKAX C 9UCJIOM OTBepcTuit bosiee nByx. Tax,
HAIpUMED, CTPYKTYpa, MOKa3aHHas Ha pHC. 2, (hopmu-
pyercs B TOJIE,HATPSIKEHHOCTH KOTOPOTO HAIPABJIEHA
BJIOJIb OCH CUMMeTpUu cucreMbl u upu a/R = 10 umeer
3HaYEHMe OKOJIO 81)y/a, TJie a — CTOPOHA TPeyroJIbHUKA,
B BEPIUHAX KOTOPOI'O PACIOJIOXKeHbI epdoparym. Or-
METHUM, 9TO PACCMOTPEHHbBIE IIPUMEPBI PACKPBIBAIOT (hu-
3UYECKUI CMBICJI BEJIMUUHBI 1)) KaK XapaKTepHOI pa3-
HOCTHU TIOTEHIMAJIOB MEXKIy OTBEPCTUSIMHU, IIPU KOTO-
poii B TJIEHKE HAYUHAIOT (DOPMUPOBATHCSI HEOIHOPO/I-
HbIe CTPYKTYPBI. Bojiee Toro, JanHnas BeJIndnHa OKa3bl-
BaeTCs BOOOIIE €JMHCTBEHHBIM HAPAMETPOM, XapaKTe-
PUBYIONMM MaTepuaj MarHeTHKa B PAMKAX peIraeMoil
3ayiaan. B wacTHOCTH, 1151 M3ydaeMoil cucTeMbl HEBO3-
MOKHO €CTECTBEHHBIM 00PAa30M BBECTH ITOHATHE XapaK-
TePHOIi JI/INHBI, TaK YTO BEJIMYUHBI T3 U R;, onpees-
OIFe pa3Mephbl U B3aUMHOE PACIIOJIOXKEHIE OTBEPCTHUil
B IUICHKE, MOT'YT CPaBHUBATHCS TOJIHKO MEXKJY CODOI.
Pouib Takoit xapakTepHOI JUINHBI, BOODOIIE TOBOPSI, MOT-
Jjia 661 urpath ooMenHas JymHa \/ A/ (27 M2) (Bo3MOXK-
HO, B HEKOTOPOH KOMOUHAIIMU C TOJIIUHON ILJIeHKU h)
B TOM cily4ae, eciu Obl B sHeprun (1) cucrembl siBHO
VUIUTBIBAJICS BKJIAJ IJIAHAPHBIX KOMIIOHEHT Pa3MAarHu-
YUBAIONIUX TIOJIeH, OJHAKO B PAMKAX HACTOAIIETO aHa-
JIM3a 9TOT BKJIAJ| CIMTAETCS IIPEHEOPEeKUMO MAaJIbIM (B
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[IPOTUBOIIOJIOXKHOCTH BKJIAJLy HOPMAJIBHBIX K TIOBEPXHO-
CTH ILJIEBHKHA KOMIIOHEHT, KOTOPBIE OTBETCTBEHHBI 34 I10-
siBjleHne aHu30Tpormu hOpMbI). Y9eT COOTBETCTBYIO-
X €My TONPABOK, BOZHUKAIONINX B IJIEHKAX C KOH-
KPETHOI reoMeTpueil, BKIIOYas 33 [aHHYI0 TOIIIUHY h,
MOXKET CTATh IIPEIMETOM JaIbHENIINX UCCIIeJ0BaAHUIA.

4. Cuy4aii peryisipHbIX penieTok nepdopa-
nuit. 13 coorromennii (7) u (8) BHJIHO, 9TO 3aBHCH-
MOCTB k; OT (p; SABJIsI€TC JUHEIHOMN, TaK ITO JJjisd k; BbI-
[IOJTHSIETCsI CBO€OOPA3HBIN IPUHIKIL cyTieprio3unyn. [1o-
KazkKeM, KpOMe TOT'O, YTO BJIMUSIHUE DJIEKTPUIECKOIO I10-
Jisl HA TOMOJIOTUIO MATHUTHOW CTPYKTYPBI XapaKTepH-
3yercs OJM3KOJIEHICTBUEM B TOM CMBICJIE, UTO M3MEHe-
HUE TOTEHIHAaIa OJHONW n3 nepdopaluil CymnecTBeHHO
CKa3bIBaeTCsA Ha 3HAYEHUU k; JIUIIL JIJId JIAHHON Tep-
doparmu, a TakKe, BO3MOXKHO, €I s HECKOJbKUX
onmzkafimmx K Heit nepdopanuit. Bygem paccmarpubaTh
obpa3serr, cosepKauii 66CKOHETHOE UNCIIO0 OJUHAKOBBIX
orBepcruii pajgmyca R; = R, PACIOJIOXKEHHBIX HA O
HOIl IPSIMO C IIOCTOSIHHBIM IIATOM 7% 41 = G MEXKJIY
COCEJIHUMU OTBEPCTUSIMU, KaK IOKa3aHO Ha puc.4. To-
roa C;; = In(]i — jla/R) mpu i # j, Cy = 0, a 3uaxur,
BeIpaxkenue (6) st k; npejcrasisier coboOl JMHEHHYTO
CBEPTKY MOCJIEI0BATEIBLHOCTH k;. B 9TOM cityvyae BMecTO
HCIOJIb30BAHNS 00IIEro BhIpaskeHust (7) MOXKHO OCyIIie-
CTBUTH OOPATHYIO CBEPTKY, OTKY/Ia MMEEM:

ki = Y5 S5 Mi o5, (11)
rie
27
1 cosip
M,=—— | ———————dp. 12
27r/G(p)+1n(a/R) P (12)
0
M
0.1
/-\ /\\ i
-5 4 3 2 _1 2 3 4 5
a/R=1000
. al/R=100
-0. “a/R=10

a
@] O+ =»0 o o [e] o o] o] o] o

Puc. 4. (IlperHoii onnaita) SInpo ceeprku M; npu pasand-
HBIX 3HAYEHUSX OTHOIIEHUs] PACCTOSHUS & MEXKIY COCel-
HuMu nepdoparusaMu K ux pagnycy R. B numkneit gactu
pUCYHKa ITOKa3aHa CXEMa PACIOJIOXKEHUs repdoparuii B
obpasrie

Bxougmasg B Boipaxkenue (12) dbyunxnusa G(p) oupeme-
JIETCA KaK CyMMa OECKOHEYHOIO I

o0
G(p) = -2 Z In j cos jp
j=2
U, BOODIIE TOBOPsi, MOXKET ObITh BbIparKeHa depes3 Clie-
nuajbHble pyHKIuu. st mpakTuaeckoro npuMeHeHusl,
OJIHAKO, BayKHO, BO-IIEPBBIX, UYTO €€ MUHUMAJHLHOE 3Ha~
venne paBHo G (1) = — In(w/2), nosromy unrerpan (12)
cxoauTest ipu a/ R > /2 (1aHHOE HEPABEHCTBO MOXKHO
CYNTaTh 3aB€IOMO BBIIIOJTHEHHBIM,IIOCKOJIbKY a > R).
Bo-BTOpBIX, NMeeT MecTO cireytoree TPUO/INKEHIe:
2 ™
G~ TE)
p(2m —p)
61aro1apsi KOTOpoMy yaaercst 3(pHeKTUBHO PaCcCINTATH
3HAYEHUs MHTErpaJja, BXOJANIEro B Bbipaxkenue (12),
IpUdeM pU BBIOOPE HACTPOETHOTO MmapaMerpa ¢ =2 2.5
omwubKa B BBIYKC/IEHUU 3HadYeHWit M; HauuHAET IpO-
ABJATHCS TOJBKO B YETBEPTOM 3HAKE IIOCJIE 3alsTOi.
Ha pucynke 4 mokasanbl pe3y/IbTaThl TAKUX BBIUUCTIE-
HUIl TIpM Pa3InyHBIX 3HaUYeHusx orTHomrenus a/R. ITo-
CKOJIbKY KO3 purmenTsr M; mMpeacTaBIsAioT COOO s/Ipo
ceeprku (11), sicHo, 9To npuBeeHubie rpaduKu OTBEYa-
0T PacIpejie/leHUI0 BEeJIMYUHbI k; B TOM CJlydae, KOrja
Yo = P, a MOTEHIUAJIBI [OJIsI B 00JIACTA OCTAJIbHBIX
nepdoparmit paBHbI HyJ10. BhICTpoe yObIBaHUe 3HAUE-
uuit M; ¢ pocToMm |i| IOATBEPK IAET BLICKA3AHHYIO BbIIIE
uiero o om3KojeiicrBun. Pasymeercs, B ciiyuae KBaJl-
paTHO# pereTku mepdoparuii ¢ mepuoIoM a HabIIIoIa-
eTcs CXOyKasi KAPTHHA; PE3YJIbTATBI COOTBETCTBYIONUX
pacueToB 3HadeHUil k; pu MOTEHIHAIe @ = Uy B 00-
JIaCTU OJIHOM n3 mepdoparuii U HyJIeBOM ITOTEHITHAJIE B
00J1acT! OCTAJIBHBIX epdopaluii moKa3aHbl Ha, PUC. 5.
Bakarouenue. Takum 0Opa3om, BO3jeiicTBIE 3JI€K-
TPUYECKUM II0JIEM II03BOJIIET TMOKO YIIPABJISITH TOIO-
JIOrueil MArHUTHOW CTPYKTYDPBI B 0Opa3ie, IpUIeM Ta-
KO€ VIIPpABJIEHUE MOXKET OCYIIECTBJIATHCS IOCPEICTBOM
Cpa3y HECKOJbKUX UCTOYHUKOB ITOJIsI, KarXKJbIil U3 KO-
TOPBIX Oy/IeT JIOKAJBbHO W HE3aBUCHMO BJIASATH HA TO-
[IOJIOTUIO CTPYKTYPBI B HEKOTOPOU €€ MPOCTPAHCTBEH-
HOi1 objiacTu. DTO IO3BOJISIET, HAIIPUMED, PACCMATPHU-
BATh IUIEHKNA C MACCUBAMU AP OJIM3KOPACIIOIOKEHHBIX
nepdopannit Kak (QU3NIECKYI0 OCHOBY JIJIsI CO3IAHUS
HocuTe el nHpOpMaIK HOBOrO THa. KarKiaasi Takas
mapa nepdoparnnit 6yaeT mpeacTaB/IATb COO0M OTIeb-
HYIO d49€iKy IaMdaTH, 3HaYCHUE B KOTOPOU KOJUPYeTCs
TOIIOJIOrUEil BUXPEOI00HOM HEOJHOPOIIHOCTH, JIOKA -
30BaHHOI B 00JIaCTU sideiiku, a 3alliMch HOBOI'O 3HAUTe-
HUsI OCYIECTBIIAETCH BKIIOYEHUEM JIEKTPUIECKOTO I10-
Jist. OTMeTuM, OJHAKO, YTO JIJIsl PeaU3alliy JIAHHOTO
I10JIX0/Ia HEeOOXOIMMa MArHUTHAas IJIEHKa, KOTopasl Xa-
TTucema B 2KOTO
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