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TeopeTunyeckn peluaeTcsi 3aga4a O 4BUXKEHUM HEOAHOPOLHOCTY HAMArHWHYEHHOCTU B BUAE MArHUTHOMO BUXPS
BOAM3K fedbekTa, MOLENIMPYEMOrO KPUCTA/INTOM C OLHOOCHON aHusoTponueii. Kpuctannut-gedekTt BHegpeH B
OLHOPOAHYIO ABYMEPHYIO heppoMarHuTHyto maTpuuy. Kpome sHepruu aHu3oTponun B nosIHYIO SHEPrUtO BKJIIHO-
YeHO C/laraemMoe, OTBETCTBEHHOE 3a CYLLECTBOBAHMWE LEHTPasibHO-CUMMETPUYHOro noteHumana. Jns pacyeros
NCNOAb3YeTCsl MeTOL KOJINIEKTUBHBIX nepeMeHHbix (ypaBHeHne Tuns). PaccMoTpeHbl BapnaHTbl AByHanpasieH-
HOl 1 ofHOHaMpaB/eHHOW aHM30TpPONUU KpucTanauTa. AHaNN3 ypaBHEHWUW ABWKEHUS AN CAYHAeB Pa3HOro
HanpasieHnsi OCM aHWM30TPONUM BHeAPeHHOro AedyekTa Mokasas pasHoobpasve mMoBefeHUst siApa BUXPS Kak
KBasnyacTuubl. Bo3aMoxHbl BapmaHTbl 3axBaTa sapa Buxpsi AedeKTOM C PaBHOBECHbLIM MOJIOXKEHUEM BUXPS B
MOKOE HEMOCPEACTBEHHO Ha KPUCTAJINTE 1 B ABUXKEHUMN HA HEKOTOPOM yaaneHun oT Hero. OBHapy»xeHo siBneHune
pe3Koli CMeHbl HaCTOTbl BPaLLeHNsl siApa BOKPYr KPUCTanamTa npu n3MeHeHnn pacctosiHus fo gedekra. [oka-
3aHO, YTO NpY MasIoM MapameTpe 3aTyxaHuUs U B C/ly4ae, KOraa ocb aHM30Tponun aedekTa NeXUT B NIOCKOCTM
MarHeTuka, ABVXXEHUE MarHUTHOrO BUXPSi TaKOBO, Kak ByaTo sSiApO WCMbITbIBAeT AENCTBME OTTAJIKMBAIOLWErO

noTeHLUMana C OCEBO CMMMeTpUENi.
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1. BBEAEHUE

B mocenmee BpeMs He ocirtabeBaeT MHTEPEC K IKC-
[IEPUMEHTAILHOMY W TEOPETHIECKOMY HCCJIEOBAHIIO
MarHETUKOB, 00JIAJAIONINX BUXPEBON CTPYKTYpOl Ha-
MarHUYeHHOCTHU. [IpucTajbHBI WHTEpEC K TAKUM Ma-
TepuaJiaM 0OyCJIIOBJIEH MEPCIIEKTUBAME UX TTPUMEHEHST
B pa3M4HbIX ycTpoiictBax crmurponuku [1-4]. Tomo-
JIOTMYECKHEe HEOTHOPOIHOCTH HAMATHUIEHHOCTH, TAKIE
KaK MAarHUTHBIE BUXPU, CKHDMUOHBI, IOMEHHBIE CTEHKH
C BUXPEBOIl CTPYKTYPOil 1 mpovee, 00/IaIaI0T YHIUKATb-
HBIMU CBOWCTBAMMU, ITO3BOJISIIOIIMME CIUTATH UX XOPO-
IMUIME KaHIUJIATaMA JJIs 00beKTOB XpaHeHus WHMOP-
Maly B 3allOMHUHAIOMUX ycrpoiicTBax. Ocobyro Baxk-
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HOCTH UMEIOT UCCIICJ0BAHN MAIHUTHBLIX BUXPEH B U3Y-
YEHUU CBEPIIPOBOJHUKOB (CM., HanpuMep, padbory [5]).

JluHaMuKa MarHUTHBIX BUXPEHl B IOCTOSIHHBIX U IIe-
PEMEHHBIX MOJIIX B HAHOPA3MEPHBIX MarHeTHKaX pas-
JITIHOH TeOMEeTPUIeCKOl (POPMBI I X MACCUBOB JIOCTa~
TouHO XOpormo usydena [6-12|. IIpesckazanbr u sKcIE-
PUMEHTAJIbHO IIOJ/ITBEPK/IEHBI MHOTHE CBONHCTBa BUXPeE-
BBIX OOpa3oBanuii. [{jist onmcanmst 9BOJIONNY HAMATHI-
YEeHHOCTH B MarHeTUKaX C BUXPEBOU CTPYKTYPOl O4YeHb
IIPOJIYKTUBHBIM OKa3aJICAd MeTOJ], KOJIJIEKTUBHBIX Ilepe-
meHHbIX. COTJIACHO 9TOMY METO[y, OIMCAHUE JIBUXKE-
HHUs MarHUTHOI'O BUXPS CBOJUTCH K PENIEHUIO ypaBHe-
HUS JIJId KBA3UYACTUIIbI, CBOMCTBA KOTOPOI Olpeeid-
IOTCd MArHUTHBIME ITapameTpamu Buxps. KoJsiekTus-
HBIMU [I€EPEMEHHBIMHU B 3TOM CJIy4ae yJI00HO BBIOpDATh
KOODIMHATY IIEHTPA BUXPS U €r0 CKOPOCTD. Y paBHEHUE
JBUKEHUS MMeeT HEHbIOTOHOBBII BUI.
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MaraurHoe cocrosinue BUXps (CKUPMHUOHA) yIAO0OHO
3aJ1aBaTh JBYMsl [apaMeTpaMu: MOJSIPHOCTBIO P sAIpa
U KUPAJBHOCTHIO ¢. ZIJp0o BUXpsI — €ro IeHTpaJbHas
0671aCTh JOCTATOYHO MAJIBIX pa3Mepos (okoso 10 HM) ¢
SIDKO BBIPAYKEHHON HEOTHOPOIHOCTHIO HAMATHUICHHO-
ctu. BesteicTBUe KOHKYPEHITNN SHEPT Uit 0OMeHa 1 SHep-
IUU Pa3MArHUYMBAHUS HAMATHIYIEHHOCTD B IIEHTPE sI/T-
pa HaIpaBJieHa TEPIeHINKYISPHO IIJIOCKOCTH BUXPs U
MOXKET COBIIQJIATH C HAIIPDABJICHUEM BBIJIEJICHHON OCH Z
(p > 0) mu 6BITH HIPOTUBOIOJIOKHOIE el (p < 0). Opu-
eHTAlUS HAMAIHUYIEHHOCTU B «I00Ke» (<«XBOCTE») BUX-
Psi MOXKET COBIAJIATH C IIPABBIM BUHTOM II0 OTHOIIIEHUIO
K OCH # (KHpaJIbHOCTD [OJIO’KUTENIbHA, ¢ > () min ObITh
IPOTHUBOIIOJIOKHOI eMy (g < 0).

BosibmmaCcTBO TEOpETHYECKHX PAOOT C AHAJIUTUYIE-
CKUMU PACYeTaMU W KOMIIBIOTEPHBIM MOJIEINPOBAHM-
€M TIOCBSIIIEHO M3YyYEeHUI0 CTATUYECKUX U JIMHAMUYIE-
CKHUX CBOWCTB MArHUTHBIX BUXPEH B MaTepuasax, Jid-
IIEHHBIX MATHUTHBIX HEOTHOPOIHOCTEH 0OMEHa, aHU30-
TPOIHUH, IIEPOXOBATOCTEN MOBEPXHOCTH U IpOUee, T. €.
paccmaTpuBaioTcs Mozgenu 6e3 medexkToB. Bmecte ¢
TeM B peaJIbHbIX MaTepuajax C BUXPEBOW CTPYKTYPOi
[IPOCTPAHCTBEHHBIE (DJIYKTYaIlud MArHUTHBIX [IapaMeT-
POB IIPHUCYTCTBYIOT, U OHHU BJIUSAIOT HA JBUYKEHUE MAar-
HUTHBIX Buxpeit. K Hacrosimemy BpeMeHU oOIryOJIMKO-
BaH CIEKTD TEOPETUYECKUX paboT, MOCBSIIEHHBIX yUe-
Ty BJIMSIHUS Ha CBOWCTBA BUXPEHl MATHUTHBIX PA3JINY-
HBIX BHJOB HeojHOpojgHocTeil. Hanpumep, B paborax
[13-16] Toueunsil gedeKT MOJENIUPYETCsST HEOIHOPO/I-
HOCTHIO KOHCTAHTHI MATHUTHON AHU30TPOIUH, U TO3TO-
MYy aBTOPAMU HCIOJIb3yeTCsl MOMEIbHBIN MOTEHIIHA C
ocesoit cummerpueit. B padorax [17,18] Toueunast Heos-
HOPOJIHOCTH ATOMHOI'O pa3Mepa MOJEJIUPYETCsT H3MeHe-
HUEM TOCTOSHHON oOmena. B jmreparype paccmarpu-
BAIOTCsl HE TOJIBKO TOYeUHbIe jie(PeKThl, HO M IIPOTSI-
skeHHble [9,13] n maXke HEOMHOPOJHOCTH B BHJE JBID
[19]. Oco6o caexyer ynomsinyTh paborst [17,20,21], rae
ABTOPBI YUJIN KAK MOXKHO 0OOJIbIlIee KOJIMIeCTBO (PaKTO-
POB, MOIEJIUPYIOIUX HEOJHOPOJHOCTb MAarHUTHBIX I1a-
paMerpoB. B 1ies10M pe3ybTarhl BCeX UCC/IeI0BaHMi To-
BOPAT O TOM, 9TO MOCJEJCTBUS B3AUMOIEHCTBUS Mar-
HUTHOTO BUXPs (KAK U CKUPMUOHA) € JedeKTOM Upes-
BBIYAHO pasHooOpas3Hbl. Za1po MoXKeT OBITH W 3axBa-
4qeHO 1ePEKTOM, U OTPA3UTHCS OT HETO.

Tpaekropust sinpa BOm3U nedeKTa MOKET OKa3aTh-
cs CJIOKHON W YacTO He IOJJIAeTCs AHAJIUTUIECKO-
My omnucanuio. [losToMy jijist TIOJIyYeHUsT TPAKTHIECKH
3HAYNMBIX PE3YJIbTATOB MPHUOETal0T K KOMIIBIOTEDHO-
My MoziesmpoBanuio [22-25]. Monennposanue mo3BoIn-
JIO TIPEJICKA3aTh BJIUSHEE TOJIsI 1eEeKTOB Ha TOJIBUK-
HOCTb BUXPEH U CKUPMHUOHOB U Ha BBIPAXKEHHOCTB (-
dexra Xomna [26-28]. B paborax [29, 30|, ucuonn3yro-
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MUX MOJIETMPOBAHUE, OOHAPYKEHO HEOOBITHOE TTOBE/IE-
HUE JBUXKYIIErocsi CKUPMUOHA, [IEPECEKAIONIEr0 JIMHEeH-
HBIA 7epeKT, — TPAEKTOPUS UCKPUBJIAETCs, HAIIOMU-
Hasl mpeJjioMJeHne cBera. B pabore [31] obcyxnaercs
BJIMSIHUAE HEPOBHOCTEH MOBEPXHOCTU HA MOJBUYKHOCTD
CKUPUMHUOHOB, a B paborax [4,32] meMoHCTpUpyeTCst mo-
TEeHIMAJIbHAS BO3MOXKHOCTD YIIPABJISITH [TOTEHITUAJIOM,
€o3/1aBaeMbIM J1e(DEKTOM, C TIOMOIIBIO TTOJIEH.

Heobxoanmo cka3aTh 0 BaXKHBIX IKCIIEPUMEHTAIb-
HBIX Pe3yJibTaTax HaOJIOAeHUI BUXPeil U/ Ml CKUPMU-
OHOB, TaKXKe IPeJCTABJIEHHBIX B JiuTeparype. B pabo-
Tax [33-35] aBTOPBI JIEMOHCTPUPYIOT CIIEHAPUHU 3aKPerl-
JieHUsl BuUXpeil (WJIM CKUPMHMOHOB) Ha sedeKTax Kpu-
CTaJUINIecKoi cTpyKTypbl. B padore [36] ucciemyercs
[IOBEJICHUE BUXPEBBIX CTPYKTYP B MArHETHKE C HEO/I-
HOPOJHOCTSME HOBEPXHOCTH, a B pabore [37] memon-
CTPUPYETCsI MOJIEBOY MEXaHU3M yIPABJIEHUST CTEIEHbIO
BJIMSAHUS JIe(DEKTOB Ha JBUKEHUE CKUPMUOHOB.

B nacrosiimeit paboTe MbI IIPOBOIUM TEOPETUIECK U
aHaJn3 BJIUSHUA JedeKTa B BUJIE BHEJIPEHHOTO KpU-
CTAJUINTA ¢ OTJIMYHONW OT OCHOBHON MATPUIIHI MATHUT-
HOW aHM30TPONUEH Ha MOBEJIEHUE MATHUTHOTO BUXPH.
IIpu 5TOM HEOHOPOIHOCTH TI0JIsI AHU30TPOIIUU ODectIe-
YUBaeTCsl He M3MEHEHMEeM KOHCTAHTBI, KAK B YIIOMSHY-
TBIX BBIIIE paboTax, a HAlIpaBJIeHHEM JIOKAJILHOM ocu. B
9TOM Ciiydae JedeKT MOXKET CO3/IaBaTh MOTEHINAJ, He
00JTATATOIINIT OCEeBOM CHMMETPUEH, U CJIEIyeT OXKIIATh,
9TO BO3HUKHYT UHTEPECHBbIE 3P (DEKTHI, CBI3aHHBIE C ee
OTCYTCTBUEM.

2. YPABHEHUE JIBU2>KEHWA
HAMATHNYEHHOCTU BBJIN3U JEPEKTA

PacemorpuM ciieyongyo Mojie b B3auMoIeHCTBIS
HAMATHUYEHHOCTH BUXPS ¢ HEOJTHOPOIHOCTHIO. B oj1HO-
POZHO# cpesie (TOHKasl IJIEHKA) MMEeTCsl BKPAILJICHUe
B BHJle KpucTajauTa majoro oobema V. Ilapamerpsr
MarHATHOH aHM30TPOINK KPHUCTAJIUTA XapaKTepPU3y-
I0TCsI KOHCTAHTON K U e IMHUYIHBIM BEKTOPOM 1 JIOKaIh-
Hoit ocu anmsorpornn (JIOA). B BuiOpannoil cucreme
KOOp/IMHAT JieDeKT pacrosaraeTcs B ee HadaJje, I10JI0-
JKeHUE 1JIpa BUXPs OIPEJIENISIeTCs PaJINnyC-BEKTOPOM p,
3a/1aBA€MbIM KOODJMHATAMU X,y B JEKAPTOBOIl cucTe-
Me, WIN JUINHON PaJIyC-BEeKTOPa U a3UMyTaJIbHBIM yT-
JIOM (¢ B IUJIMHJIPUTIECKON cHCTEeME. 3aMEeTUM, UTO U3-33
MaJIOH TOJIIUHBI MATHETHUKA JIBUZKEHIE BUXPs sIBJISIET-
¢Sl JIByMEPHBIM, MOSTOMY KOODJIMHATA 2 B HAIPAaBJIE-
HUW, TEePIEHNKY/ISPHOM MOBEPXHOCTH MATHETHKA, HE
zajseiicrBoBana. Cxema Moeu moKasana Ha puc. 1.

JlMHAMUKY BUXPEBBIX MATHUTHBIX CTPYKTYD YI0OHO
OIIMCHIBATH K TEPMUHAX KOJJIEKTUBHBIX [T€PEMEHHBIX, B
POJI KOTOPBIX BBICTYMAIOT KOOPIUHATHI SI/IPa, BUXPS U
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Cristallit

Puc. 1. Mogenb B3anMOZeicTBUS HAMarHMYEHHOCTY BUXPS C
HEO4HOPOLHOCTBLIO MarHUTHON aHW30TPONUM

ero cKopocTb. IIpn TakoM MOJXO/ie IBOIIONUS HAMAT-
HUYEHHOCTH CBOJIUTCS K PENEeHUIO 31491 O JIBUKECHUN
KBa3UIaCTHI[BI, KOOP/MHATA I CKOPOCTH KOTOPOH OIIpe-
JIEJISTIOTC] TIOJIO?KEHNEM M CKOPOCTBIO s1/[pa MATHUTHOTO
BUXD. Y paBHEHHUE IS TAKOH KBA3UIACTHUIIBI OBLIO TI0-
aygeno Tuiem [38]:

G xv+Dv+VIW =0. (1)

Baecy G = e,(2mpgMsb/v4)(1 — ph) — rupoBexTOp
[6,39], My — HAMArHUYEHHOCTD HACBIIIECHUSI, b — TOJI-
[IIHA MArHUTHON IIIEHKH, Vg — FHPOMATHATHOE OTHO-
menne, h = H/poM, — mepneHuKkysIsipHas K MOBEpPX-
HOCTH TIJIEHKHU COCTABJISIONMAsS 6€3pa3MepHOro MarHuT-
HOT'O TIOJIsI, €, — OPT OCU Z, V — CKOPOCTb siapa, W —
[OTEHIMAIbHAS YHEPIUsl MATHUTHOIO BUXPsl, KOTOPast
COZIEPKAT B ceOe SHEPrui0 MArHUTHOH AHW30TPOIUH
KPUCTAJIUTA, D— TeH30D 3DPEKTUBHBIX KO3buIm-
€HTOB CHJIbI TPEHUsI, KOTOPYIO UCIBITHIBAET sIIPO KaK
KBa3MYaCTHIA IIPH HAJMYINN 3aTyxaHus [40-42].

CumvmMerpust 3amadn OUM3Ka K IIAJIAHIPUIECCKOIM,
[OSTOMY JIaJIbHEHIIIee ONUCAHNE JIBUXKEHUS sipa Oy-
JIEM TIPOBOJWTH B IUJIMHAPUYIECKOH cucTeMe KOOpJiu-
HaT. 11 CKOpOCTH sifipa MOYKHO 3aIllCATh

dp dy
vV = epa —+ e@p%,

(2)

Ie €, U €, — OPTHI IMINHIPUIECKON CUCTEMBI KOOP-
muHat. Torma must ciaraembix B ypasaerun (1), comep-
2KAIAX CKOPOCTD 7Ipa, MOJIYIIM

dp

Gxv= —epGpCCll—f + e%,GE, (3)
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dp
D 0 0 ot
Dv=| 0 D 0 dp | =
€pp—
0 0 D dt
0
dp dy
= epDE —+ e@DpE. (4)

C yuerom Boipazkenuii (3), (4) BeKTOpHOE ypaBHeHUEe
(1) MOXKHO HepenucaTb 10 KOMIIOHEHTAM:

dy dp
—GpX D =
Gp i + 7 fo=0, 5

dp dy _
31ech BBeIEHBI 0003HAYEHUST
oW
fp = _(VW)P = _8—7
’ (6)
10w
=—(VW),=—— —
f@ ( )4,0 p 8@
Cucremy ypasuenuii (5) MOXKHO peobpa3oBaTh K BUILY
dp 1
Tl W(Dfp‘f‘wa), -
dy 1
A S D).
Par ~ crrpE Gt Dfe)

Pertenne 910it cucreMbl MO3BOJISIET ONUCATH TPACKTO-
PUIO JIBUKEHUS SIPa BUXPSI.

st masibHERIero pemnreHnst HeoOXOIUMO 33JaTh
KOHKDETHBIN (DYHKITMOHAJBHBIN BUJ JJIs KOMIIOHEHT
cuitel f,, fo. J1s 9TOTO paccMOTPUM BBIpasKeHWe JIJIs
sneprun W. Bocnob3yeMcs XOpoIo 3apeKOMEHJ0BAB-
1redi cebst MOJIENTBIO «7KeCTKOrO» Buxpst [43-45]. B npu-
OJM>KeHNN ITOM Mojiesin Oy/IeM CUUTATD, UTO Ha Jiedek-
Te U BOJIM3M HErO BUXPEBOE PACIIPEIEIEHNE HAMATHU-
YEeHHOCTU MPAKTUIECKN He MCKAXKAETCs, T.e. TPOdUIIb
aH3alla, OIHMCHIBAIOIIEr0 BUXPh HE MEHSIeTCS IIPU €ro
JIBUYKEHUN W He 3aBUCUT OT PACCTOSTHUS MEXKTy J1edeK-
TOM U SIJIPOM.

[IycTsb HampaBieHre HAMATHUIEHHOCTH OIUCHIBAET-
Cdl eJIMHUYHBIM BEeKTOpOM m(p, ¢), & NeplIeHuKyIIsip-
Hasl K MOBEPXHOCTH ILIEHKN KOMIIOHEHTa HaMarHUIeH-
HOCTH LIpeJIcTaBiieHa B Buje m(p, ¢). Beaencrsue ma-
JIOW TOJINMHBI IJIEHKW BEKTOP M HE 3aBUCHUT OT KOOD-
JUHATHL z. KOMIIOHEHTBI BEKTOPA HAMATHUYEHHOCTU W
BEKTOpA JIOKAJHHON OCH aHU30TPOIMHA MOTYT OBIT 3a-
MIUCAHBI TAK:

me = qy/1—mZ(p,p)sine,

my = —qv/1—mZ(p, ¢) cos ¢,
l, = cosa, (8)
l = sin acos 7,
ly = sinasiny.
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31ech o U 7y — TONSPHBIA U a3UMYTAJBHBIN yIJIbI Ha-
[paBJIeHNs] OCU AHU30TPONUY KPUCTAJLIUTA (YIOJI (v OT-
CUATBIBAETCS OT OCH Z).
MarauTHy0 SHEPIHIO IIPEJICTABUM B BU/JIE
Kp° 2

W:T—KV(m-l). (9)
3J1eCch BTOpOE CcjlaraeMoe — SHEPIusl MArHUTHOM aHI30-
TPOLINH, IIEPBOE CjlaraeMoe — KBa3UyIlpyTas SHepPrusl
¢ K03 PUIMEHTOM KECTKOCTH K, 0DECIIEIMBAIOIIAS CY-
IECTBOBAHUE CUJIBL C OCEBOU CUMMeTpHuell, IeiicTBYIO-
meil Ha si/IpO BUXPS B HAIIPABJIEHUN K HAa4YaJy KOOD/IU-
nat. CyIecTBOBaHIE 9TON SHEPI'UH MOXKET ObITH CBsA3a-
HO ¢ dhopMoil Marneruka (HalpUMep, HAHOAUCKYU KPYI-
JIOit (POPMBI C BUXPEBOIT CTPYKTY PO HAMATrHUI€HHOCTH
[46,47]). Kpome Toro, BHEJIPEHHBIH KPUCTAJIIAT CIIO-
coDeH MCKarXKaTb CTPYKTYPY BOKDYT cebsl BCJIEICTBHUE
BOBHHMKAIONUX MEXaHUIECKUX HAMPSIKEHUH. ITO MO-
JKeT IPUBOJUTD K 3aBUCUMOCTH MArHUTHOW SHEPIUU OT
paccrosinus 70 Hadanaa Koopauuar. C ydeToM IpuHs-
THIX 0O03HAYEHNIT (8) SHEPrus NPEICTABIISETCS B BHIE

Kp?

W = T_KV (q 1 —m?2 sinasin(p —v) +

2
—|—mzcosoz) . (10)

ITose3no mporecTupoBaTh CHCTEMY ypaBHEHHI Ha
[IPOCTOM YaCTHBIH CIy4ail M30TPOIHOrO MarueTuka, (6e3
nedeKTOB) B BHjE KPYIJIOrO TOHKOTO JUCKA. B 3TOM
cJlydae BbIpayKeHue Jist 9Heprun (9) CONEPKUT TOIBKO
oaHo nepsoe ciaaraemoe. Torna cucrema ypasaenuit (7)
[IPUHAMAET BU[

@__ Dk
i @+ pr?
(11)
d_cp_ Gk
dt — G2+ D?’

Pernienust 3T0#t CUCTEMbI XOPOIIO U3BECTHBI (CM., HAIIPH-
Mep, pabory [6]). 3aBUCHMOCTD JITIMHBI pauyc-BEKTOPA
OT BPEMEHH B 3TOM CJIydae MMeeT BH/I

Dk
p(t) = poexp (—m t) , (12)

rje pp — HaYaJbHOE PACCTOSIHUE MEXKJLY $1/POM U IIeH-
TpoM JucKa. Jljis yriioBoil CKOpOCTHU JBHKEHHS sI/ipa
BUXDsT BOKPYT IEHTPA JIUCKA TOJIY IIM

dy Gk (13)

w=—=——-.

dt  G?+ D?
Tpaekropus JIBUKEHUS BUXPS B JJAHHOM CJIydae Ipe-
cTaBJseT coboil CXOIAIYIOCs K HaUaLy KOOPIUHAT CIIU-
paJb.

Pemmenne cucremsr ypasaenuit (7) ¢ yaerom (10) B
obrmeM Buje 3aTpy/qHeHo. [loaroMy paccMoTpuM Jlasee
HEKOTODbIe HAnbO0JIee NHTEPECHDIE YACTHBIE CJIyIaH.

3. JE®EKT C OCBIO AHU3O0TPOIINMN,
HAIIPABJIEHHOW NEPIIEHAVK YJIAPHO
IIJIOCKOCTM! IIJIEHKN

B sTom paszmerne paccMOTPHM Cilydail, KOTJa OCb
AHU30TPOIMH OPUEHTHPOBAHA IEPIEHIUKYISIPHO 10~
BepxHOoCcTH MarHeTnka (o = 0). Cucrema B 3TOM Citydae
UMeeT OCeBYIO CUMMETpHIO, T. €. 3Heprus (10) He 3aBu-
cuT or asuMyTasibHoro yria ¢ (f, = 0). st cusl B
JIAHHOM CJIydae MOYKHO 3alliCATh

2
om?

Torna cucrema ypasHenuii (7) IpUHUMAET BUL

dp -D om?

it~ G2+ D2 <“p_KV ap>’ 19
do G Kvamg
Pat ~ g2+ p2 \** op )’

Ilonenus BepxHee ypaBHEHHE Ha HUXKHeEE, IIOJIYYHM
YPaBHEHHE JJIs TPAECKTOPUU JBUKEHUS A7Ipa:

1d D
2 (15)
p dy G
Pemenunem sroro ypaBuenus: sBisiercst pyHKIHsT
D
p(¥) = poexp E(wo —¢) ). (16)

31ech g — HAYAJBHBIA a3UMYTAJIbHBIA yTIOJI IOJIOXKE-
HUS s7pa BUXPS.

g maabHEAInX OIEeHOK HeOOXOANMO BBIOPATDH
KOHKDETHBIN (DYHKIIMOHAJBHBIA BUJ, OIMCHIBAIOIIAI
pacrtipeiesienne HAMArHUYICHHOCTH B BUXpe. B pambeit
JUTepaType IpelarajJich Pa3jIndHble BADHAHTHI IIPO-
buneit [45,46,48-50]. B masbheiiniem Oygem cYuTaTh,
9T0 TIPpOPUIH HAMATHUYIEHHOCTU OIUCHIBAETCSA (DyHK-
mmeit Buga [51]

m. = pexp(—p°/rg). (17)

31ech 1y — XapaKTepHbI JInHEHHBIN pa3mep sapa. [lo-
JIIPHOCTB P IOKAa3bIBaeT HAIIPABJICHUE HAMArHMIeHHOC-
TH B IIEHTPE s/pa 10 OTHOIIEHUIO K OCH z. PacueTs! u
HAOJIIO/IEHNST TOKA3BIBAIOT, ITO BEJIMYUHA 1) COCTABIIA-
€T TOPsIJIKA HECKOJIBKUX JeCATKOB HAaHOMETpOB. C yue-
ToMm BhIpaxkernit (16) u (17) cucrema (14) npespama-
eTcsl B JIBa HE3aBUCUMBIX nddepeHInaabHbIX ypaBHe-

7*
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Puc. 2. Ipadbnueckoe npegcraenerue pewennii (18) n (19) (cootsercTeernHo a u 6). Homepa KpnBbIX COOTBETCTBYIOT pa3HbIM
3HadveHusimm napametpa A: A1 =0, A2 =5, Ag = 10, Ay = 20, A5 = 40. Bce kpuBble nocTpoeHbl Npu HavabHO be3pa3mepHoii
AJInHe paguyc-BekTopa po/ro = 3 n gns n = 0.1

HUS C Pa3edoNUMUCs [IepeMeHHbIMYU, PellleHrue KOTOo-
POl IIpeJiCTaB/IAeTCA B BU/Jle HHTEIPAJIOB:

o
/p(l + Aexpd(p—2(p/7ao)2)) = —0t, (18)
po

I d
w/ 1+ Aexp(—Q(p/rO;g xp(21(0 — 9))) =wt. (19)
31ech BBeIEHBI 0O03HAYECHUST
L
KT G?+D? G2+ D2 G

Xapaxkrepnble 3apucumoctu p(t) u ¢(t) nokaszaub
Ha puc. 2. KpuBble Ha 9TOM PUCYHKE TIOCTPOEHBI IS
ciyaas gp > 0. B cayuae gp < 0 3aBucumocru p(t) u
©(t) ocramyTcs NPe:KHUME, U3MEHUTCs JIUIIb HAIIPAB-
JIeHVe BpAIEHUs si7ipa BOKPYT Hauasa KoopaumHat. U3
PHUCYHKOB CJIEJIyET, ITO IIPU p A T'g MPOUCKOJUT CMEHA
byHKIMOHAIBHO 3aBUCUMOCTH A3UMY TAJILHOIO yTJIa 1
JUIMHBI paJinyc-BeKTOpa oT BpeMern. OCcoBGeHHO XOPOIIo
9TO BUJHO Ha 3aBucuMocTH p(t) B mosysorapudmMude-
ckoM macmrabe (puc. 3). Ilo-BuaumomMy, 3aBUCUMOCTD
p(t) ¢ BBICOKO# TOYHOCTHIO MOYKHO CUUTATH IKCIOHEH-
muanabaoit. CMena 3asucumoctu p(f) Ha Gosee ObICT-
PYIO CBsI3aHA ¢ MAKCUMAJIbHBIM IPUG/IMZKEHIEM [IEHTDA
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In(p/ro)
10

0.1

6
ot

Puc. 3. I'padnyeckoe npeacrasnerue pewenuns (18) B nony-

norapudmuyeckom macwrabe. Hymepaumsi kpusbix n napa-

meTpbl A, 7, po/To COOTBETCTBYIOT HyMepauuu n napaMmeTpam
Ha puc. 2

Buxps K jmederty. akTudeckn 3TO O3HATAET U3MEHE-
HU€ COOTHOINEHUS BKJIAJIOB B PE3YJIbTUPYIONLYIO CHITY,
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Puc. 4. 3aBucrMOCTN OT BpeMeHU JeKapTOBbIX KOOPAUHAT S~
pa Buxps. CnaowHas nnHus — 3aBUCUMOCTb Z(t), MyHKTUP-

pacCTOSTHAN p, GJU3KOM K HYJIO, PAcIeT BBIPASKCHWUIT
(18) u (19) maer cieyione 3aBUCUMOCTH:

p(t) = poexp(—Adt), ¢(t) = po + Awt.

Takum 0b6pazoM, CKOPOCTHb MPUOJIMKEHUS siIpa K Jie-
deKTy u yrioBasi CKOPOCTh BPAIEHUsI SIAPa YBeJINIn-
Batorcs B A pas. Vamenenune xapakrepa JIBUXKEHUS Mar-
HUTHOTO BUXPsI XOPOIIO BUHO Ha rparUKaxX 3aBUCUMO-
CTH KOODJMHAT sIJIpa OT BPEMEHU B JIEKAPTOBOI CHCTe-
Me KoopauHAT (puc. 4). Jlis mosydeHnst 3TUX 3aBUCH-
MOCTel YucjienHo pemasioch ypasuenue (1). Ha puc. 46
BUJIEH MOMEHT, KOTJ[a IE€PHUOJ OOpAIleHusl sijipa pe3-
KO YMEHBINAETCS U Jiajiee MPAKTUIECKN HE MEHSeTCS.
Orubarorast 3Toro rpaduka KaueCTBEHHO ITOKA3bIBAET
OCODEHHOCTBD, y2Ke 00CYKJIEHHYIO HAMU B CJIydae, Ipe/-
CTaBJIEHHOM Ha puUC. 2.

OmneHnTh paccTosiuue oT siypa J0 JedeKTa, Ha KO-
TOPOM IPOUCXOJUT CMEHA PEKUMOB JIBUYKEHUS BUX-
PsI, MOYKHO U3 IIPOCTOT'O COOTHOIIEHUSI, CJIEJTYIOIIETO U3
3HaMEHATeJIsl I0J(bIHTErPaJbHOrO BhipazkeHus (18):

Aexp (—2(p/r0)*) = 1, = pe~roy/In (\/X) (21)

(20)

3aMeTuM, YTO 3aBUCHUMOCTh p. OT Iapamerpa A upes-
BBbIYAHO ME/IJICHHAS.

V3 mpesplaymmux paccyKICHUNA CJIEIyeT, 9TO SBJIe-
HEe CMeHbI CKOPOCTH 3aBucumocteil p(t) u ¢(t) upu-
CyIe He TOJHKO BLIOPAHHOMY HAME ITPOMQUIIIO aH3aIa
(17). DTum cBoiicrBoM Gyer 06/1aIaTh BUXPh, PACIPEe-
JleJieHne HaMArHUYeHHOCTH B KOTOPOM OIIACHIBAETCSI
JII0001 JTOKaMM30BaHHON (DYHKIIMEH Ha WHTEPBAJIE 7.

B ciygae oTCyTCTBUSI B 9HEPIMM MATHETHUKA CJIATa-
€MOr'0, OTBETCTBEHHOT'O 38 IEHTPAJIbHO-CUMMETPUIHBIH
daxrop (k = 0), pellenre IEPBOro ypaBHEHUsI CHCTE-

Has — y(t). PucyHok a noctpoeH anst mapamerpos A = 0,

n = 0.1, puc. 6 — A = 1, n = 0.1. LLTpunxosoii kpunsoii

Ha puc. 6 nokasaHa orubatolas aMNINTyAbl CMELLEHNUs sapa
MarHMTHOrO BUXPSl BAOJIb OCU X

JIEHCTBYIOIIYIO HA SIPO, CO CTOPOHBI SHEPTUU AHU3BO-
TPOIUY U SHEPIUH SIIPa B IEHTPATHHO-CUMMETPUIHOM
norerrmasie. JlefictBuTebHO, Ipu OOJIBINON yIaJIeHHO-
CTH A1pa OT HavYa a KoopauHat (p > 1) B 3HAMEHATE-
JISTX TIOJIbIHTErpaJbHBIX Bhipazkenuit (18) u (19) skemo-
HEHTaAMHU MOXKHO TTpeHebpetnb. Pacuer aTux BhIpaKeHuit
JIACT yKe YIOMSIHYTHIH Hamu pesysibrar (12) u (13).
Tak u 70/12KHO OBITH TTPU OOJIBITION YIATEHHOCTH SI/IPa
oT smedeKTa, KOT/Ia ero BJAUSTHIEM MOXKHO MpeHeOpedb.

B apyrom ciydae, Korja sijipo JIOCTATOYHO OJin3-
KO OoT jgedeKTa, OCHOBHOM BKJIAJ[ B SHEPIUIO0 CUCTEMBI
Oy/leT JaBaTh SHEPrusi B3aWMOJEHCTBUSI BUXPs ¢ KPHU-
CTaJIJTITOM — HEpPrUsi MarHUTHO# aHuzoTporuu. [Ipu

Mol (14) mpejicrapisiercst B Bujie

2
Ei [ —2 <ﬁ> —Ei| -2 (ﬂ
To To

Amnajioruano JJId a3UMYyTaJIbHOI'O yTIJla:

2
) + 0t. (22)

Ei [ -2 (%>2exp(2n(¢ —¢0)) | =

2
Ei -2 <@) + okt (23)

To

31ech BBEIEHO 0003HATEHIE

S8DKV

K R+

Ipaduxu 3aBucumocreii (22) n (23) nokasaHbl Ha

puc. 5. InTepecHO OTMETHTH, YTO BpAIlleHUE Spa BO-
KPYT IPUTATUBAIONIETO IEHTPA ¢ HEU3MEHHOU YTJIOBO

677
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Puc. 5. XapakTepHasi 3aBUCUMOCTb OT BpeMeHU ANNHbI
paguyc-BekTopa sigpa (CnnowHas AuHWS) U a3uMyTajabHOro
yrna (WTpUXnyHKTUPHas MHUA) ans caydas £ = 0

CKOPOCTBIO YCTAaHABJIUBAETCA TOJILKO IIPU
BUXps jiepekToM, T. e. upu p/ro < 1.

«3axBaTe»
Beime MBI paccmoTpenu ciaydail  BHEJIPEHHOTO
JedeKTa-KpUCTaJLINTa ¢ JBYHAIIPABICHON MATrHUTHOMN
aamzorponmeil. llpencraBiser wHTEpec u3ydeHue
XapaKTepa JBUKEHHS MarHUTHOT'O BHUXDPS IPU HaJIH-
quu JedeKTa ¢ OJHOHAIIPABIEHHON aHm3oTponueil. B
YaCTHOCTH, TAKOW BapUaHT BO3MOXKEH IIPU BHEJIpEHUN
B (beppoOMArHUTHYIO MaTpUILy aHTU()EPPOMATHUTHOIO
BKJIIOUYEHHS. B 3TOM ciiydae Jjisd SHEPrud MarHUTHOI'O
BUXP< 3allUIIeM

_ rp?

W=

~KVm-1. (24)

Torna cucrema ypapHeHuit (7) ¢ y4eToM BBIpasKeHMUi
(17) u (24) npurrMaeT BuJ

dp —Dp 2pKV p
i~ e ()]

dy G 2pKV 0 (25)
W e ()]

VYpasuenue jyisi Tpaekropun p(@) COBHAJIAET C BbIpa-
kerreM (16).

3/1ech BayKHO 3aMETUTD, UTO, B OTJININE OT JeeKTa
C AByHAIIPaBJICHHON aHU30TPOIMEl, B HACTOAIIEM CJLy-
yae OpaBble YaCTU B YPABHEHUAX CUCTEMbI (25) mme-
FOT BO3MOYKHOCTH OODATUThCS B HYJIb U JIayKe CMEHUTH
3HaK. Takoe BO3MOXKHO IIPU TIPOTHBOIOJIOXKHBIX OPHEH-

678

TAIMSIX OCH OJIHOHATIPABJIEHHOI AHU30TPOIINH KPUCTAI-
JIATA U TOJIIPHOCTH sijipa BUXpsi. EcrecTBeHHO, 910 06-
CTOSITEJILCTBO BJIMSAET HA TPACKTOPHIO JBUKEHHUS SPA.
Iomo6mo Bopazkenusam (18) u (19), pemterne Toit cuc-

TEMBbI IIPEACTABJIACTCA B BUIEC
p

dp

1 > = —6t, (26)
Po p| 1+ spAexp| — <£>

2 ro
%]

dp
1 P\ )
o 1+ EpA exp | — <—> exp(2n(po — ¢))
o

IIpu coBnaieHny HAITPABJICHAI OCH AHU30TPOIIUN U Ha-
MArHUYE€HHOCTH B IIEHTPE $1/Ipa BUXPsl MOBEJIEHNE CUC-
TEeMbI TPUHIUTIHAIBHO HE OTJIMIAETCA OT CIIydas C JIBY-
HAIPABJIEHHON aHu3oTponueii, u 3asucumoctu p(t) u
(t) nonobub! rpaduKkaM, HOKa3aHHLIM Ha puc. 2—5. B
cydae TPOTUBONOJIOKHOrO Harnpasjenus JIOA kpuc-
TAJJIMTA U TOJsipHOCTH sipa (nanpumep o = 0, p = —1
wim o = w, p = +1) ABUXKEHHE BUXDsI UMEET OTJIU-
YUTEIbHbIE OCOOEHHOCTH, CBSI3AHHBIE C PACXOUMOCTHIO
HOJBIHTErPAJIBLHBIX BhIpaxkenuil B (26) u (27).
Heckosbko xapakrepHbix 3aBucumocteii p(t) u o(t)
1o pesysbraraM pacderos (26) u (27) mis caydas p =
—1 nokazanbl Ha puc. 6. I3 pucyHKOB citeryer, 9To
IpU OIPEIEJCHHBIX A CYIIeCTBYeT HEKOTOPOE DPABHO-

BECHOE DACCTOSIHUE pg, II0 Mepe JOCTHKEHHsT KOTOPOTO
JIBIZKEHWE BUXPsI OCTEIEHHO 3aTyXaeT. S11po crpemut-
sl PACIIOJIOKUTHCST HA PACCTOSIHUN g BHE 3aBUCHMOCTH
OT HAYAJIBHOIO CBOEI'O IIOJIOZKEHN po. Beipazkenue Jyist
pacueTa nmapaMerpa pg JIErKO HOJLYIUTh, IPUPABHAB K
HyJIIO 3HaMeHaTesb B Bblpaxkenun (26). B pesynbrare

ps—r01/n2.

Crenyer ormeTuTh, 9o npu A < 2 paBHOBECHOE IT0JIO-
2KEeHUe /ipa HaXOUTCHA B HadaJle KOOPJAWHAT, T. €. Hello-

OJIYINM

(28)

cpescTBeHHO Ha camoM jedekte (pg = 0).

Ha pumc. 7 nmoka3zaHbl 3aBUCUMOCTH KOODJIWHAT OT
BPEMEHUN B JEKAPTOBOW CHCTEME W COOTBETCTBYIOIINE
TPAEeKTOPUH s/Ipa B PACCMATPUBAEMOM CJIydae II0 pe-
3yJIbTaTaM YUCJIEHHOI'O PEIeHHUs CUCTEMBI ypaBHEHUIT
(7). Takum obpaszom, npu Haaumaun JedeKTa ¢ OChIo
O/THOHAIIPABJICHHON aHU30TPOIINYU, HEPIICHIUKYIAPHON
[TIOBEPXHOCTU ILIEHKH, <«3aXBaT» dA/pa JIePeKTOM MO-
JKeT pean30BaThCs TaK, UYTO IEHTP sJIpa OKA3bIBAET-
cd Ha HEKOTOPOM PACCTOSHUU OT KPHUCTAJINTA, HO HE
Ha camoM jedeKTe, KaK B CAydae C JIBYHAIIPABICHHON
aHu30TpoIuei.
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Puc. 6. Ipacdbnueckoe npegcraenerue pewennii (26) n (27) (cootsercTeenHo a u 6). Homepa KpnBbIX COOTBETCTBYIOT pa3HbIM
3HadveHusimm napametpa A: A1 =0, A2 =1, Ag =5, As = 20, As = 40. Bce kpuBble noctpoeHbl ans HavanbHoli 6e3pasmepHoii
LONMHBI pagnyc-BekTopa po/ro = 1.5 n gna n = 0.1

z/ 7o y/ 7o jy-/- o

'ah

Ty

a
29 i

72__
/ T

(&R

Puc. 7. 3aBucuMocTM OT BpeMeHUM AeKapTOBbIX KOOpAWHAT

Anpa BUXPS B MOAE/N OAHOHANPaB/IEHHOV aHW3O0TPONUN Kpu-

ctannuta. CniowHble IMHUN — 3aBUCUMOCTb Z(t), NyHKTUP-

Hole — y(t). Fpacpukn noctpoenbl anss A = 1, p = —1,
n=0.01, po/ro = 1.1 (a), po/ro = 2 (6)

4. JE®EKT C OCBIO AHU30TPOIINMN,
JIEXKAIIEN B IIJIOCKOCTMU IIJIEHKU

10 20 st

B sTom pasnesne paccMOTpUM ClIEHAPUIT JBUKEHUS
MarHUTHOTO BUXps B mojie JedeKTa, 0Cb aHU30TPO-

UK KOTOPOI'O JIEXKUT B ILJIOCKOCTH Marmeruka (a =
= 7/2, v = 0). B sT0M Cilyuae NOTEHIMAI HE sIBJIA-
€TCsl IIEHTPATBHO-CUMMETPUIHBIM U 3aBUCUT OT a3UMY-
TAJILHOTO yIJVIa siJipa Buxps 1. B mepByro odepennb uc-
cJeyeM IIPOCTOH ciydail OTCYTCTBUS B IIOJIHOHU 3Hep-
IUU [EHTPAJIBHO-CUMMETPUYHOTO CJIAraeMoro, T. €. I0-
goxuM k = 0. Torma njs SHEPTUM U CUJT OJIYIUM CO-
OTBETCTBEHHO

W =—KV(1—m?)sin®¢. (29)
d 2
fo= KV% sin? o,
g (30)

1
fo=~-KV(1 —m?)sin2¢.
p

Cucrema ypasHenwuit (7) NIpUHAMAET BUJL

dp KV (1 o
i D (pG(l ms)sin2p +
2
+DWsin2g@>,
)
31
d_(p_& lD(l— 2)'2 — o
Pa a1 \» MMz) SS9
2
_Gwsmz@)_
dp
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Huddepenrmaibaoe ypaBHEHUE 11 TPACKTOPUN SIPA
noJIyYuM, nojenus B cucreme (31) Bepxuee ypasHeHue

Ha HUXKHEE:
do _ 2ctgp +né(o)
dp  2nctgp —&(o)

31ech UCIIOIB3YIOTCS 0003HAYEHUST

(32)

_dIn(1—m2)

, &(0) a0

P
o=In—
To
B orcyrcreue 3aryxanust ( = 0) ypaBHEHHIO yJI0B-
JIeTBOpSIET (DYHKITUST
) 2

3/ech, KaK W paHee, mapamMerpaMu pp U g 33JaeT-
Csl HAYAJIbHOE TIOJIOXKEHUE A1pa, M, (p) — IPOU3BOJIb-
Hble (DYHKIMH, ONUCHIBAIONINE MPOMUIHF HAMATHIIEH-
HOCTH BUXDsl (He 003aTeIbHO 38/1aBAEMbIE BHIPAYKEHU-

sin ¢q

33
sin ¢ (33)

ma(p) =1 — (1 —m2(p0)) (

em (17)), BBIUUCIIEHHBIE B COOTBETCTBYIONMX KOODIU-
HaTax.

IIpu k = 0 MEHIMaIBEHOE 3HAYECHHE SHEPIUN CUCTeE-
MBI peayiu3yeTcs IPU yCIOBUU KOJJIMHEAPDHOCTH BEKTO-
P& HAMATHHYEHHOCTH M U BEKTOPA OCH AHU30TPOIIH
gedekra 1. OueBUIHO, 9TO ITOMY COCTOSTHUIO COOTBET-
CTByeT MaKCHMAaJIbHOE yJaJleHue f1Ipa OT KPUCTAJIINTA
(p — 00), T.e. BUXpb OTTAJAKUBaeTCs o nedekra. Tak
Kak yHKIUH M (p) JOKAIN30BaHBL B MAJO 061acT
ro, BesmanHa m, — 0 mpu p — 00. OTcro1a, NCIoIb3ys
(33), MOXKHO OIPEIEINTh HAIPABJICHUE JBUKEHUS 511~
pa BUXP — a3UMYyTAJIbHBIN YTOJI Qoo 15T 3TOTO TIOTIO-
JKUM HYJIIO JIEBYTO YacTh ypasaenus (33). B pesynabrare
nMeeM
(34)

Sin Yoo = /1 — m2(pg) sin @g.

WMuTepecHo, 910 CKOMBKO-HUOY/IH 3aMETHOE KPUBOJIU-
HeltHOe JIBUKEHNE SIpa HAOI0IAI0Ch ObI TOJIHKO BOJIH-
3u gedekTa. [Ipu 10cTaTOTHOM yIaaeHUN OT KPUCTAJ-
qura, m.(p) < 1, a3uMyTaabHBI Yyroa HE MEHSIeTCH
U JBUXKEHUE BUXPS MPOUCXOIUT IMOCTYHATETHHO B HA-
[IPABJIEHUN OT KPHUCTAJUIATA TIOJ00HO YacTHIlE, OTTAJI-
kuBaomeiicsa or jedexra. Hecmorpss na orcyrcrBue
0CEBOIl CUMMETPHUH y IIOJIsI, CO3aBaeMOro jiedekToMm,
JIBI2KEHUE siJ[pa IIPOUCXOJIAT BJIOJb PAaJIyC-BEKTOPA.
OueBuIHO, YTO TO SIBJIEHUE €CTH CJIEJICTBHE KOMILIEKC-
HOT'O BJIMSIHUSI HECUMMETPUIHOI'O HOTEHIUAJIA U THPO-
TpOmHOTO 3P PEKTa, CBA3AHHOTO C IpeIeccueit HaMar-
HAYEHHOCTU IpHU JBMKeHun Buxps. Ha puc. 8 moka-
3aHDbI TPAEKTOPUN JBUKEHUS s/[pa MATHUTHOTO BUXPSI
[IPU HYJIEBOM TEH30pe 3aTyXaHus lA), [IOJIyYeHHBIE B pe-
3yJbTATE YUCJICHHOTO DEIEeHUs YPABHEHUS JIBUKEHUST
(1) B 1eKApPTOBBIX KOODANHATAX.

680

z/7y

5
x/7y

Puc. 8. TpaekTopun aBuxeHns sigpa MarHUTHOro Buxpsi bes
3aTyxaHus gns caydaes pg < 0 (a) u pg > 0 (6). Obe kpusble
MOCTPOEHBI AJisi Ha4asbHbIX YCI0BWIA po/To = 0.4, po = 7/4

Jljis1 TOUCKa 3aBUCHMOCTH HOJIOKEHUS APa BUXPS
BepHeMcs K cucremMe ypasreruii (31). B caywae pg/ro >
> 1 BepxHee ypaBHEHUE MOXKHO TPUOIMZKEHHO ITPEJICTa-
BUTDH B BUJIE

(35)

rJie yroJ ¢ oupejensiercst BeipaxkenueM (34). Perrenn-
eM sBJIgeTCsd (PYHKIUA

p(t) = \/p% + %KV sin(2ps0) t. (36)
3aBUCHMOCTDH PACCTOSIHUSI OT IEHTPa BUXPS IO OTTAJ-
KIBAIOMIEro MEeHTpPa 110 3aKOHy p? o< t 03HAYAET, 9TO HA,
JOCTATOYHO OOJILIIOM PACCTOAHUU SAPO KAK KBA3HIAC-
TUIA HAXOIUTCA B 3(PHEKTUBHOM MOTEHITHATE Te(deK-
Ta, MeHsoneMcs 1o sakony Werp o< 1/p%. Ieficrsu-
TeJIbHO, PEIlleHre IIPOCTOI 3a/1a4i MEXaHUKU C yIETOM

BhIpazkenust (36) Jgaer
(5%=)

3rech 1 — 3 deKTUBHAS Macca BUXPsl, KAK KBa3udac-

1

KV sin s
Wepr = gu( =g

e (37)

THTIBI.
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C yuerom ypasHenus tpaekropuu (33) s HUXK-
Hero ypasHenus cucrembl (31) momyunm guddepennn-
aJbHOE YPABHEHHE C PA3JIE/IAIONUMUCA TEPEMEHHBIMU:

do _ _KV
dt Gr%

’ (38)

(sin?  — sin” oo ).

Pemrenuem sToro ypaBHeHust sBJsieTcs OyHKITHT
tg o

o) *

4KV sin 294
EEE s E—
Grg

tg v = tg(¢oo) th <arth (

Poo
t) . (39)

B npucyrcTBun 3aryxaHus HOJyIUThH 00IIIee pere-
uue ypasrenus (32) 3arpyauuresbHo. [losromy orpa-
HUYUMCsL caydaeM po/ro > 1. B arom nmpubiamkennn
&(0) < 1 u ypaBHenue (32) npuHAMAET MPOCTOH BUT;:

do 1

. (40)
de 1
PemenneM 3T0ro ypaBHEHHUS SBJISETCS 3ABUCHMOCTD
G
ple) = poexp | 5 —wo) |- (41)
C yuerom (41) nmkuee ypasuenue (31) umeer perrenne

exp <%(<P - <P0)> .

sin 2¢

©

/

Yo

1

== (%)25Kt. (42)

8

Amnajiornano AT BpeMeHHOfI 3aBUCUMOCTHU PACCTOAHUA
OT dJpa JIO KPUCTAJIJINTA IIOJIyIaeM

/ sin(

PO

pdp
2p0 + 2n1n(p/po))

= riwkt. (43)

Bnech wx = GKV/(G? + D?). Tpaextopuu IBuKe-
HUS sJIep BUXpeil MOKa3aHbl HA puc. 9. 3aMeTnM, 9TO
HAJIMIME 3aTyXaHUs NPUBOJMT K OBICTPOH OpHeHTa-
UK PaJilyCc-BEKTOPA s1/[pa B HAIPABJICHHUH, [I€PIEH -
KYJIIPHOM HAIIPABJICHHIO JIOKATBHOM OCH AHU30TPOITHN
KPHUCTAJIIATA. DTO HAIPABICHUE COOTBETCTBYET YMEHb-
IIEHNIO SHePrur aHu3oTponun (cM. puc. 1).

5. OBCY2KJAEHNE PE3VYJIBTATOB

PaccvoTrpenne B3anMoseficTBHST MATHATHOTO BUXPSI
¢ nedekToM (KpUCTAJLIUTOM), MOJIEIUPYEMbIM HEOIHO-
POJIHOCTHIO MarHUTHOM aHU30TPOIINU, BBIABUAJIO Pa3HO-
obpa3sme CIleHApUEB IOBEIEHNsS HAMArHUYeHHOCTH. B

681

z/79, Y/ 7y y/ 7y
_______________ 3.0
ol 2.5}
2.0F
1 150
1.0
0- 1 1 1 1 1 1
1 2 3 4 5 0 0.5 1.0
Wit :c/ro
6
z/1y, Y/ 1y y/1y
.......... 10
101 st
6 -
5t At
2 -
1 L 0 1 1 1
0 10 20 1.4 16 1.8 2.0 2.2
wit z/7,

Puc. 9. XapakTepHblii BUA TpaekTopuii Ans ciayyast a = /2,

n = 0.4, po/ro = 2, po = 7/4, kK = 0 no pesynbTaTaM 4Ymnc-

NIeHHOro pelueHuns cuctembl ypasHennii (31) gns gp < 0 (a)

u gp > 0 (6). CnNoWHBIMN MHUSIMN NOKa3aHbl 3aBUCUMOCTM
z(t), nyHkTupHbiMu — y(t)

cilydae, KOTJa OCh MarHUTHOM aHm3orporuu gedek-
Ta-KPUCTAJUINTA HE JIE2KUT B IJIOCKOCTH MarHETHKA,
MIPOUCXOJIUT «3aXBaT» BUXPs ToJieM JedekrTa. Ecan me-
dexT obsrazaeT ABYyHAIPABIEHHON aHU30TPOINEI, si/I-
PO BUXPA KaK KBa3UYaCTUIA CTPEMUTCA PACIIOJIOKUTh-
Cs1 HEeTIOCPeICTBEHHO Ha jedexTte. [Ipudem, ecau moTen-
yaJl, B KOTOPOM JBHUZKETCS AP0, CO3JaeTcs He TOJIb-
KO moJieM JiepeKTa, HO U TIOJIEM C OCEBOI CHMMeTpueit
WHOW TPUPOJIBI, HAOIIOMAETCA UHTEPECHBIN YETKO BbI-
paXeHHBIN 3PHEKT CMEHBbI PEKUMOB JIBUKEHUS] BHUX-
psi C Pa3nYusiMA B 9aCTOTE OOPAIEHUs! siipa BOKPYT
KPHUCTAJUIUTa U B 3aKOHAaX U3MEHEHHUs PaCCTOAHUS JI0
nedekrTa co BpeMmeneM. [0ToTHUTEIBHBII TOTEHITHA C
0CeBOI CMMMeTpHUeil MOXKeT CyIeCTBOBATh, HaIlpUMED,
U3-32 OIPAHMYEHHBIX Pa3MEPOB MarHeTwka (MarHUTO-
CTATUYECKO} [PUPOIBI), M3-32 MEXAHUIECKUX HAIP-
JKeHMil BOM3M KpucTaiura (MArHUTOYIPYTOH IIpu-
pozpl). DT0 006CTOATENHLCTBO MOXKET OKA3AThCS UPe3-
BbIYalHO BaXKHBIM IIPU IIPOEKTUPOBAHUU YCTPONUCTB
VIIDABJIEHUS JIBUKEHUEM MArHUTHBIX BUXPEH W CKUP-
MHOHOB, HAIIPUMED, IIPU HEOOXOIUMOCTHU ITPUBEIEHUS
BHUXDsI B PE30HAHCHOE COCTOsinne. BaxKHO 3aMeTUTh, 9TO
sBJIEHUE CMEHBI YIVIOBOM CKODOCTHU BPAIEHUS BUXPS
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BOKpPyT nedekTa Oymer HAOIIOIATHCS IpU JO0M TPO-
dute, OMUCHIBAIONIEM PACIPEIEICHIE HAMATHUIEHHOC-
T B sgape. Heobxomumo uiiib, 4TOOBI DYHKIMS M,
OTIHMCBHIBAIONIAs ITO paciipejiesieHne, ObLIa JIOKAIH30Ba-
Ha B MaJIoit obactu . [loxoxwuit acpdexT nabdromacs
B 9KcrepumMenTe [35].

IIpu mamwmuum y KpucTaIuTa-TedeKTa OIHOHA-
[IPABJIEHHOW MATHUTHON aHU30TPOIUH SJIPO BUXPST MO-
JKeT WCIBITHIBATH KAK MPUTSKEHNE, TaK U OTTAJTKHBA~
HUE B 3aBUCHMOCTH OT B3aHMHOI'O HAIIPABJICHUS OCei
AHU30TPOIUH KPUCTAJIITUTA U MOJIAPHOCTH BUXpsi. Kon-
KYPEHIUsl [EHTPAJTHHO-CUMMETPUIHOIO MPUTITUBAIO-
ero mapaboInIecKoro NOTEHITUAA U OTTATKUBAOIIEe-
ro IOTEHINAJIa CO CTOPOHBI AHU30TPOINY ITPUBOIUAT K
CYyIIIECTBOBAHWIO PABHOBECHOTO PACCTOSHUS MEXKTY siJI-
pom u gedekrom (cm. Bbipaxkenme (28)). CymecrBo-
BaHUe HE €IMHCTBEHHOIO JIOKAJILHOTO MUHUMYMa dHEP-
run CKUpMHOHa (Buxps) BOJm3u jedekTa 06HAPYKEHO
B 9KcHepumMente [34].

He menee mHTEpECHBIM SIBJISIETCsI MTOBEJIEHUE MAar-
HUTHOTO BUXpPs B moJjie j1edeKTa, OCh aHU30TPOIHUH KO-
TOPOrO JIEXKUT B IJIOCKOCTH MarHeTuka. B arom ciry-
gae dHEPIrusi aHU30TPONUU OOECIIEINBAECT OTTAJIKUBA-
HUe sipa BUXps OT fedeKTa, IPUYeM [IPU HUITOXKHO
MaJIOM 3aTYXaHUU JBUKEHUE sJIpa IPOUCXOIUT IIPaK-
TUYECKU I10 MPSIMO OT KPUCTAJIIUTA U 110 3aKOHY, CO-
OTBETCTBYIONIEMY 3DPMEKTUBHON MOTEHIUAIBHON HEP-
run Wepp o< p~2. DTo CHpaBeyIMBO MMEHHO JJIst
HEO/THOPO/THOCTH HAMATHUYIEHHOCTH B BUJIe MATHUTHOTO
BUXDsI, T.€. 00bEKTa-KBA3UIACTHUIIBI, KOTOPasi BO Bpe-
Msl JIBUKEHUS UCTIBITHIBAET JIEHCTBUE THPOCKOTIMYECKO
cusibl. Mbl 0ObsICHSIEM paJiMajIbHOE JBUYKEHUsI sijipa B
HanpasyeHuu oT jgedekra (OTparkeHne BUXDSL OT Jie-
dexra) KoHKypeHimeil 1Byx HaKTOPOB: THPOCKOIINIEC-
Koro addexTa 1 MOMEHTa CHJI, CO3/[aBAEMOI0 aHU30T-
polueil KpUCTaJsInTa.

IMupockonuuecknii 3pHEKT BHIPAIKEH TEM sipUe, 4eM
GOJIbIIIE CKOPOCTH JIBMXKEHUA siipa. 1losTromy B mpu-
CYTCTBUU 3aMETHOTO 3aTyXaHHUsI MOMEHT CHJI, ODYCJIOB-
JIHHBIH aHM30Tponmeil gedekra, HadnHaeT IIpeobiia-
JIaTh 110 Mepe YMEHbIIEHHUsI CKOPOCTH BUXpsi. TpaekTo-
pus siipa B 3TOM CJIydae KPUBOJMHEWHAsT, 8 PAaBHOBEC-
HOE TIOJIOYKEHUE COOTBETCTBYET HAIPABJICHUIO PaJIAyC-
BEKTOPA, MMEPIEHIUKY/ISIPHOMY HAIIPABJIEHUIO OCU AHU-
30TPOIUYU KPUCTAJLIIUTA (UTO COOTBETCTBYET MUHUMY MY
SHEPIUM AHU30TPOIIUHN).

6. SAKJIFOYEHUNE

B urore M0o>XHO KOHCTATHPOBATH, 9TO TAKUE O0HEK-
ThI, KAK MAIHUTHBIE BUXPU BOJIN3U HEOTHOPOITHOCTEN
MarHUTHOM CTPYKTYPBI, JEMOHCTPUPYIOT pa3HOOOpa-
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3M€ CBOEro TIOBEIEHUS: <«3aXBaT» BUXPS IeDEKTOM
C #ABHO BDLIPDAXKEHHOW CMEHOH 4YaCTOTBHI BpAallleHUsd,
oTpakenre OT JedeKkTa ¢ Pa3IUIHBIMU TPAEKTOPU-
MU JIBUZKEHHWs] W TIp. DTO JUKTyeT HeOOXOINMOCTh
ydaera 0COOEHHOCTel B3amMOJIEHCTBHUS sipa BHUXPEit
¢ gedekramMu, NUPUCYTCTBYIONIMMUA B MAarHETHUKAaX.
OcobeHHO 9TO BayKHO IIPU IIPOEKTUPOBAHUN YCTPOUCTB
CIIMHTPOHUKU Pa3J/INYHOIO HA3HAYCHUS.
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