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NPEAUCNOBUE

Otkpute B 1967 I. UMIHHIPUYECKHX MACHHTHHIX AOMe-
HoB (LIMJI) B nuiacTHHax oprodepputos [1] moaoxuiao Ha-
4an0 GosblIoH paGoTe MO CO3/aHHIO NOMEHHEIX YCTPOHCTB
XpaHenus H 006paboTkH HHGopMauuu. Bosaburoe BHHManHe
IIPX 3TOM YJeJIAeTcs TOCTPOEHHIO BBICOKOHAJEXKHOH AOMEH-
HOH mamsaTH 60JIbIIOro obbeMa.

Ilporpecc B pasBHTHH 3aNOMHHAIOLMX YCTPOKCTB Ha
LM]L ormeueH BecbMa CYIIeCTBEHHEIMH pe3yJbTaTaMH, IO-
JIyYEHHEIMH 33 CDaBHHTeJbHO KOPOTKHH NPOMEXYTOK Bpe-
Menn [2—3]. B mepuox c¢ 1972 xo 1978 r. eMKOCTH 4HMIIOB
JOMEHHHIX 3allOMHHAIOLIUX YCTPOHMCTB BO3pOCaH Gojiee ueM
Ha TpH nopsaka, ¢ 1 K6ur zo 4 mun. 6ur. PeasbHo cra-
BHTCS 3ajaya MOJYYHTb €MKOCTb 4umoB o 100 MuH. GHT
Ha ocHoBe LIM/I ¢ nnamerpaMu MeHee 1 MKM. [lanbHe#lee
PasBUTHE TEXHOJOTHH BHITOJHEHHS MHKPOPHCYHKOB C BHICO-
KHM pa3pellleHHeM, a TaKxkKe IPHMEHEHHe HOBLIX CTPYKTYp-
HBIX METOJ0B OpraHM3alHMH HHQPOPMAUHOHHBIX IOTOKOB
B JoMeHHHX 3Y nosBoasiT ucrnosb3oBath LIMJL emme MeHb-
mux pasmepoB (2o 0,08 MKM), KOTOphle peasbHO CYILecT-
BYIOT, HalpHMep, B aMOP(HBIX M reKCaroHaJbHHX (eppo-
MarHeTHKax. B 3ToM ciyyae NJIOTHOCTb 3aNMCH NPHHIHIH-
aJbHO MOXET BO3DACTH ellle Ha [JBa-TPH MOPAAKa.

OpHako HHTepec K JOMEHHOH maMsaTH OOyCJIOBJIEH He
TOJIBKO BO3MOXKHOCTBIO BHICOKOH CTENleHH ee MHKDOMH-
HuaTiopu3anuu. IIpuB/IeKaTe/bHEIMH B IPAKTHYECKOM OTHO-
LIeHHH #BJSIOTCS TaKue cBoiictBa IIMJl-maTepuasoB, Kak
BEICOKasi NMOABHXKHOCTb JOMEHHBIX TPaHHl, JONycKalomas
paboty B amamasoxe yactoT 0,1—10 MIu, manas morpe6-
JasieMast MomHocth (mpu6ausureabro 0,1—1 MkBr/6uT),
IIMPOKHI TeMIepaTypPHBIN AHAana3oH paboYHX XapaKTepH-
ctuk (—50+460°C), a TakKe CHOCOGHOCTL COXPaHATDH
uHbOPMALKIO NPAKTHYECKH HEOrPaHHYEHHOe BpeMs INpH
OTKJIIQYEHHH MCTOYHHKOB NHTAHHA.

TIpu OJHOBPEMEHHOM DPa3BHTHH H COBEPUICHCTBOBAHHH
JIOTHYECKHX M KOMMYTAUHOHHBIX ycTpoiicTB Ha LIMI mox-
HO CTAaBUTh 33/1auy CO3JaHHus JOMEHHbIX DBM c pasBerBiIeH-
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[image: image3.jpg]HOW JIOTHKOAl M MOIIHOM TIaMATBHIO, CTPYKTYPHO O6beanHeH-
HBIX B OJHOM MarHHTHOM KDHCTaJe.

Hesnbsst ckazaTh, 4TOGH HAa NYTH PA3BUTHS STOrO HOBOTO
HalNpaBJIeHHS] He BCTPevasuch TPyAHOCcTH. [Ipumepamu Mo-
TYT CJNYXHTb H3yYeHHe MOBELEHHSI MAaTHHTOXKECTKHX JIOMe-
HOB (1971 r.) wWaM sBJeHHS JHHAMHYECKOH KOHBEPCHH
(1971—1974 rr.). YmeHbiuenne guamerpa LIMJI npu onmo-
BPEMEHHOM YBJIMYEHHH ero NOJBHKHOCTH OGHAPYKHJIO He-
OXHJaHHBIE CTATHUECKHe H JUHaMuyeckue cBoiictsa LIMJI,
B psle cJydYaeB INPENATCTBOBABIIHX HX NPAaKTHYECKOMY
ucrmosmb3oanuo. Cosjanack TapajgoKcasipHasi CHTyauHs:
4eM Gosee HIeaNbHHMH ¢ OGBIYHOH TOUKH 3peHHs GpajHck
MaTepHaJH, TeM Gosee aHoMaJsbHO Ben cebs LIMJI. Ilo-
TpeGoBaJics TIATE/JbHBIN TeOpeTHYeCKH aHaJM3 (He 10Be-
JIeHHBI} emle M0 KOHLA) npeacrasaennit o LIM]I, nuuamuke
H CTaTHKe JIOMEHHHX IPaHHIL BOOOLie, 4TOOGL MOHATH MPO-
HCXOXIleHHe aHOMaJIbHOTO MOBeJeHHs JOMEHOB.

OcHoBy TeopernHueckoro aHanuza noseienuss LIMJL co-
CTaBJSAIOT YPAaBHEHHS JBHXKEHHS MAarHHTHOTO MOMEHT3,
npemoxenusle Jlannay u Jlupuwmnuem eme B 1935 r. [4].
HeoxnnanHocTs OTKPBITHS MaruutoxecTkux 1IMJL, pasmuy-
HBIX HEYCTOHYMBOCTell B ABHMKEHHH IOMEHHbIX IPaHHL Gblia
cBSi3aHa C HEJOCTATOUHOH TeOpeTHuecKoH mnpopaBoTKom
BONPOCOB CTATHKH M JHHAMHKH JIOMEHHBIX TDAHHL, H CTPYK-
Typ.

CoBpeMeHHBI YPOBEHb NPAKTHYeCKOH PaGOTHl B AaHHOR
06/1aCTH XapaKTepPH3yeTCst HCNOb30BAHHEM JHOBOJIBHO CJIOXK-
HBIX TpPeACTaBJIeHHH, TPeOYIOLIHX ONpele]eHHON (UIHKO-
MaTeMaTHYeCKOH KyJbTYpHL.

Hacrosimas KHura mocBsillieHa OCHOBAM TEOPHH JIEMEH-
TOB JOMEHHBIX YCTPOHCTB B LIHPOKOM KJjacce JOMEHOCOZep-
xamux Martepuanos. Teopus, cosjamiiasi TBepAble Ipes-
TOCHJIKH JJIfl MHXKEHEPHBIX PacuyeToB H aBTOMAaTHYECKOTo
NPOEKTHPOBAHHS TOMOJIOTHH AOMEHHBIX CXeM, HOJ/KHA 6a-
3MPOBATLCA Ha HCCHeNOBaHHMHM ypaBHeHHi THma Jlanpay —
Jlupumua, KoTophle onucHBaIOT cucteMy «LIMJI — snemen-
THl TONOJIOTHH» B PaMKaxX eAHHOH cxeMbl. TOUHBIE pelIeHHS
ypaBHenus Jlangay — JIndummna Bo Bcell paccMaTpuBaeMoi
obnacTH SABJIAIOTCH CKOpee HCK/IIOUEHHEM, YeM IPaBHJOM.
3T10 06yCc/IOBJIABAET HEOGXOAHMOCTh PAa3BHTHSI NPHOJMKEH-
HBIX METOMOB DelleHHs] YKasaHHbIX ypaBHeHuil. Cgoeft
3 (EeKTHBHOCTBIO BHIAEJSIOTCS MPSMble METOAbl BaPHAIHOH-
HOTO HCUHCJEHHSI, KOTOPble HCTOMB3YIOTCS B TEOPETHUECKHX
pasienax KHuru [5, 6].
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Hacrosiiasi KHMT'a TOCTPOeHa T4K, UTO B HeH NaloTCs He
TOABKO COBpeMeHHble npeicTaBiaenns o LIMJL, Ho H MHHH-
MaJbHO HeOOXONHMBEIA ammapaT Ajs pelleHus 3aAad, BH-
J(BHTaeMBIX MEePCIEKTHBAMH Da3BUTHS JOMEHHBX yCTPOHCTB.
Psj pesy/abTaToB, OCOOEHHO ONHCAHHBIX B LJI. 3 u 4, 66
nosyden asropamu [7, 8].

Jlutepatypa TO 3aTparuBaeMbiM B KHHTe BONpOCam
orpoMHa u OHCTPO pacterT. OrpaHHYMMCH TOJIBKO Heo6Xo-
[OHMBIMH  CCBHUIKaMH, HENOCPEACTBEHHO  OTHOCAIIMMHCSH
K CyTH paccMaTpHBAeMEIX BONPOCOB, JIHOO OTOLUIEM YHTE-
Tenst K MoHorpadusM oOIIEro Xapakrepa, TaKHUM Kak pa-
6ora C. B. Boncosckoro «<Maruerusm», a takxe C. B. Bon-
cosckoro u §. C. lllypa «®eppoMarHeTnam».

Meoro ToJesHbix cBefenui o LML COZIEPAKUTCH B MO-
porpadusx u o63opax M. A. Bospuenkosa, I'. A. Cmonen-
ckoro, 0. JI. Posenrans, H. JI. Ilpoxoposa, @. B. Jlucos-
ckoro, B. T. Bapbsxtapa Hu_JApYrHX aBTOPOB [?~13],
a taxke B Kmurax booeka u Hdemna Toppe [14], O'Lenna
[15] u XyGepra [16]. .

Bo MHOroM cnocoGCTBOBaAJ IOSIBICHHIO 3TOM KHHIH
B CBET M BCeria OKa3biBa/ GOJbIIYI0 H NOBCEAHEBHYIO NOA-
IepPXKKy aBTOpaM HblHE MOKOHHBI NPOd. M. A. BospueHKOB.
ABTOpbl IPH3HATEJBHB CBOHM KOJIEraM A. K. Auppeesy
1 E. T1. JlsimeHnKo, B3sBIUMM Ha cebsi TPYA HPOUHTATH PyKO-
mHCh M CHeMABUIMM K Hell LeHHble 3aMedaHust. ABTOPH
6/aroapAT  KOJUIEKTHB OTAeNa JIOMEHHBIX  YCTPOMCTE
HMHOYM 3a Goabloe ¥ APYKeckoe BHHMaHHe K 3TOW pa-

Te W ee aBTOPaM.
o0 P Asropni
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Craruyeckue cBoitcTBA pOMeHHBIX
ctpyxtyp B LUMIA-marepuanax

MaruuTHble Matepuasb, crnocoHble TOAZePKHBATL 2y-
wecrsosanne IIMJI, xapakrepuayiorces npeoGiianagiaeM
SUEPIHH OXHOOCHOH aHH3OTPOIHH THIIA OCh JIEFKOTO HAMAT-
HHYNBAHUA» HAJ MaTHHTOCTATHYECKON sHepruedt. Llumua-
JPHYECKHE MAarHuTHBlE [OMEHBl B KayecTBe YCTORYHBOrO
COCTOAHHS BOSHHKAIOT B HAMArHHUEHHOH 110 HACBIIEHAs
B HanpaB/eHHH, NepIeHAHKyISPHOM TIOBEPXHOCTH, H0CTa-
TOUHO TOHKOH TJIOCKONAPAJIIENBHON TIACTHHE K Tpebytor
AJISL CBOETO MOANEPKAHHs BHEUIHETO MATHHTHOIO noss,
C03/1aBaeMOTO NIOCTOSIHHBIMH MArHHTaMH (puc. 1.1).

Puc. 1.1. Homennas HHTErpajbHas MHKPOCGODKA Ha OCHOBE BOCHMH
3 4 4JIbH: ]
Ch!

a—LUMI B Kpucramte HTTPHEBOTO OpTO(e]

PHT2, HA NOBEPXHOCTb KOTODOTO Ha-
gecl:;;ldu (eppomaruTHLe anmuHKanEH T-0Gpasmok opmsi; 6—onopnapx nn::a
Co )}Ipnna:_mauu (urnmamu); 8 — MaTHHTONPOBOZ H KODNYC NOMEHHOTO TpH-

pa; WHIB; 2 —KaTyWK# 0oas YODaBNEHAA; 3 — NOCTOSIHALIE MACHHTH NOJS

CMELLEHHS, TORNEPHKHE: ;4 3
e p: alomero  LIMI:; 4 MarHHTONPOBOA-9KPaH; 5 — Kopmyc
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Knacc mOROGHBIX MaTepHaOB, NMOSBOJISIOMIMX DPeasH30-
Bate IIMI, o6mmpen. B nanbuefimem GyxyT umeThest
B BHAY B OCHOBHOM DeJIKO3eMeJbHEE (hepPOrpanaThl, B KO-
TOPHIX CHEeNHANbHBEIMH METOJAaMHu noJrydeHa OJHOOCHAst aHH-
sotpomus  (OmHOOCHEIE (epporpaHaTthl), a TaKkxke rekca-
¢deppute n amopduble cmaaBnl tHnoB Gd—Co m Gd—Fe.

1.1. MONHASI DHEPTUS DEPPOMATHETMKA. PA3BMEHME
®EPPOMATHETMKA HA AOMEHbDI

a) Makpockonuueckas sHeprus cheppomarHeTuka

Hasnune caMOTPOH3BOJIBHON, CTIOHTAHHOMN, HAMATHHYEH-
HOCTH, He 3351/1(15“1(6[’1 OT BeJHYHUHB BHEIIHEr0 MAarHHTHOrO
noJs, KaK 3TO HMeeT MeCTO y nHa- HJIH napaMarHeTHKos,
SIB/ISIETCS] OCHOBHBIM CBOCTBOM ¢eppomarnernka. Kax npa-
BUJIO, PaBHOBECHOE pacnpenesieHie HaMarHU4eHHOCTH I'0
06pasiy HeONHOPOMHO: TOCHeAHHA pasbuBaercs Ha panm
obnacTelf CMOHTAHHOR HAMaTHHYEHHOCTH, HA3BIBAEMBIX JIO-
MeHaMH, KOTOPble pa3ziesieHbl OTHOCHTEJbHO TOHKHMH nepe-
XOZHBIMH CJIOSIMH — JIOMEHHBIMH rpaHHnaMu (ymorpebsiet-
Csl TaKXKe TePMUH (CTEHKa»).

BeKTOp CHOHTAHHON HAMAarHHYEHHOCTH CKIajabiBaeTcs U3
OTAEJNBHBIX BEKTOPOB MAarHMTHBIX MOMEHTOB BSaHMOﬂe]’(CT-
BYIOIIIUX aTOMOB, PaclOJIOREHHBIX B y3nax MarauTHo % KpH-
craanuueckofi pemretku. OmnpenesneHne HaMarHHIeHADCTH
CYLIeCTBEHHO YNpPOIIaeTcs, ecJH XapakTepHble PAaCCTOSTHUS
(mHpHHA TOMEHHON IPaHHIB M PasMep NOMEHOB), Ha Ko-
TOPHIX OHO MeEHSeTCs, 3HAUYHTEJNBHO Gosnblire paCCTOS{HHX’K
MeXNy MAardHuTHBIMH aToMaMHu (I/IX 3HaYeHHe TPUMepHO
10~ mkm). B 5TOM ciyuae MOXKHO TepefiTH K HempephiB-
HOMY (KOHTHHVAJbHOMY) ONHCAHMIO, BBOJAS BEKTOD HaMar-
mudensocTH M(r, f), 3aBucsmHEA OT IPOCTPAHCTBEHHBIX
KOOPIUHAT I ¥ BPEMEHH 1.

Monens KnaccHieckux (eppPOMarHeTHKOB TOCTPOEHA
Tak, 9TO TPeANnoIaraeT napamIeJbHOCTh MATHUTHEIX MOMEH-
TOB BCEX MAarHHTOAKTHBHBLIX aTOMOB BHYTPH NOMEHOB HJH
B HachlmeHHOM o6pasue. Bemecrsa — mocurenn IIM]I mo-
CTPOEHHl CJIOXKHEE M COCTOAAIT H3 HECKOJbKHX ToJIpeneToxK,
HaMarHH4Y€HHOCTH KOTODHIX B 3HAYUTENbHON Mepe KOMITeH-
cupylor apyr npyra (deppuMarHeruku, cnabele deppomar-
HEeTHKH ¥ 1p.) (cm., Hampumep, [14]). Dro o6ycnoBnuBaer
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[image: image5.jpg]OTHOCHTEJIBHO C/1a6yI0 Pesy/IbTHDPYIOUIYI0O HaMAarHHUEHHOCTD,
Heob6XoauMylo mjst cyuwectBosanus LIMJI. B nambHefimem
6yAeT paccMaTpPHBATLCS OJHONOAPEIIETOUHAS MOJEJb, B KO-
TOPO#i YUHTHLIBAETCS| TOJBKO 3Ta Caabast pesyJbTHPYOmas
HaMarHu4YeHHOCTh. OTHOCHTeJIbHaH HEH3MEHHOCTb HaMarHu-
YEHHOCTH NpPH NaHHOA TeMnepaType OGyc/JOBIEHAa NOMHHH-
poBaHHEM OOMEHHBIX CHJI HajJ JApPYTHMH B3aHMOJEACTBUSIMH
B ¢epp0MarHeTHKe. 31‘0 TI03BOJISIET CYHTATh, YTO HaMarHu-
UEeHHOCTD TIPH aHHOH TeMIepaType yIOBJETBOPSET YCJAOBHIO

M2(r, ) =M2=const. (L1

Takum 06pasom, xorst M H MeHsieTcst IO HaNpaBJeHHIO,
MOAyNb ee COXPaHsfeT CBOe 3HAYeHHe NO BceMy o6pasuy.
Brime HEKOTOPOH KPHTHUeCKOH TeMmepartyphl (Toukn Kio-
PH) HaMarHHYeHHOCTb o6pallaeTcst B HyJb.

inl KOMHAaTHBIX TeMIepaTtypax HaMarHu4YeHHOCTh
LIM]I-MaTepuasoB HeBeJHKA M COCTAaBJASET B CPeIHEM
10¢ A/m.

Pacnpeseneide HaMaTHHUEHHOCTH B 06paslle MOXKeT
ObITH MOJYYeHO NyTeM MHHHMH3AUHH BHIPAXKEHHA AJIs
TIOJIHOH 9Hepru# (eppoMarHeTHka 1o 0606UIeHHBIM KOOPIH~
HaTaM — KOMIIOHEHTAaM HaMarHHYeHHOCTH. HepeﬁﬂeM K pac-
CMOTDEHHIO COCTABJSAIOIHX IIOJHOH 3SHEPrHH (eppoMarHe-
THKa.

OGmenHoe B3auMomeiicTBHe. CylIeCTBOBAHHE CIOHTAH-
HOTO MarHHTHOrO MOMEHTa B IOJIPElIeTKaX, KaK H CyLIecT-
BOBaHHE HECKOMIIGHCHPOBAHHOTO De3YJbTHPYIOLEr0 MOMEH-
Ta, SBJISETCH CJEACTBHEM OOMEHHOrO0 B3aHMOAeHCTBHS
MeXJly MarHHTOAKTHBHEHIMH aTOMaMH. DTO B3aUMOJeHCTBHE
HMeeT YHCTO KBAaHTOBO-MEXaHWYECKYI0 NPHPOAY H BHOCHT
caMbifi GosbINOM BK/Iaj B IOJHYIO SHEPrHi0 deppomare-
THKa. OueHKa ero Moxer GHITb NPOH3BeAEHA HCXOIS H3
H3BECTHHX 3HaueHH#l TeMmmepatypsl Kiopu. IIpuHumas tem-
nepatypy Kiopu pasuoit 10° K, niotHocTs aTOMOB paBHO
102 ¢M—® ¥ HCnONBb3Ys H3BECTHOE 3HAUeHHe NOCTOSHHON
Boabumana — 1,38-10-2  JIxk/rpax, mnoaydaeM 3HaYeHHe
OGMEHHOTO B3aHMONEACTBHS MeEXAy JXBYMsi aTOMaMy
10~ JIxk, T/IOTHOCTH OOGMEHHOH 3HEPrHH TPHMEPHO
100 Mk /m8.

JInst TEOPHH JOMEHHBIX CTPYKTYp HHTEpPec NPeACTaBASET
Ta 9acTb 3HEPIrHH OGMEHHOTO B3aWMOJEHCTBHsS, KOTOpas
XapaKTepPH3yeT <«HEBHICOAHOCTbY OTKJIOHEHHS] HaMarHHuYeH-
8

HOCTH OT OJHOPOXHOTO PacHpesesieHHs:
Ewu:jl Wogy dr, (1.2)

rje MJIOTHOCTh OOMEeHHOH 3Hepruu

W= = (VM) + (VM) + (VMY 3

B (1.3) o6MeHHas KOHCTaHTa A Bcerma IoJsoXKHTENbHA,
TaK 4To J06as NPOCTPAHCTBEHHASA HEOJHOPOAHOCTb HaMar-
HMYEHHOCTH C TOYKH 3DeHHs OOMEHHOTO B3aHMOAeHCTBHA
HaBHIrOAHAa. 3a Hayalo OT-
cyera B (1.2) BEIGpaHO OfHO-
pOAHOE pacmpefeseHue.

B LIM/l-martepuanax o06-
MeHHass KOHcTanta A mpH-
wepHo B 10-10—10-12 [Ix/m.
B ofiueM ciyyae B CHIY TOTO,
4TO PAaCCTOSHHS MEXY aToMa-
MH B pelleTKe I10 Pa3JHYHbIM
HaNpaBJeHUsIM He ABJIAITCH
OJIMHAKOBBIMH, 06MeHHO® B3aH-
MoOJeHCTBHE HOCHT TEeH30pHBIIi
Xapakrep. JT0 06CTOATENb-
CTBO NPHBOJHT, HANpPHMEp, K  Puc. 1.2. Cepuyeckas cHcTeMa
aHH30TPONHH CBOHCTB JOMEH- i(]o(;\;ﬁz::;, B:}:Vﬁn:n:;oﬁ?:“q:[a‘:
HBIX TPaHHUI B MJIOCKOCTH Il/Ia- chm M BP SovEe T (15
crun oprodeppura [17]. G, Gy — OPTH cepHIecKol ci-

Bripaxenne “(1.3) 3aMHCA-  creyyy).

HO B [IeKapTOBOH CHCTEMe KO-
OpJHHAT.

OHo MOXKeT OBITh TaKiKe IEPeNHCAHO H B JIOGOH Apy-
roit cucreme. Jlas  yIOpOUIEHHSI BHIUHC/IEHHH CHCTEMa
KOODAHHAT NOJIKHA COOTBETCTBOBATh BHYTPEHHEH cHMMerT-
pun 3ajaud. B nambHefimeM yacto Oyaer HCNOJbL30BATHCS
cepuyeckas CHCTeMa KOODAHHAT, H300paxKeHHas Ha
puc. 1.2. IToacrasass B (1.3)

My=M sin0cos ¢; My=M sin 6 sin ¢; ,=co0s 0,
nosyyaem
Wosn=A [(V0)24sin? 0(V¢)?]. (1.4)

Hanpasnenue Bekropa M xapakTepuayeTcsi MOJIAPHEIM
0(r) u asuMyTaJbHEIM @ () yraamu.
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[image: image6.jpg]MaruuTHas anu3otponus. II10THOCTD O6MeHHOH 3Hep-
rud, Kak caeayer u3 (1.3), He 3aBHCHT OT HamnpaBJIeHHS
HAMATHHYEHHOCTH OTHOCHTENBHO  KPHCTAJIOrpadHYeCKuX
oceit BeurectBa. OJHAKO IKCIIePHMEHTa/IbHbE JaHHBE IOKa-
3bLIBAIOT, YTO BHEIIHee MarHMTHOe IoJe, TpeGyeMoe IJs Ha-
MarHHYHBaHUsA O HACHIIEHHS, PA3HYHO NJIS PasHHEIX KpH-
crajanorpapuyecKHX HamnpasieHHH. XapaKTepH3ylollHe HX
9HEPIrHH Ha HECKOJbKO NOPSAKOB (TPH — IATh) MeHblIe
9HEPIHH OGMEHHOrO B3aHMOAEHCTBHSA.

B Marepmanax ¢ OCbI0 JIETKOrO HaMarHMYMBaHHS
(OJIH) (x HuM orHocstest LIMJI-MaTepuasib) BeKTOp Mar-
HHTHOrO MOMeHTa M HMeeT TeHJeHUHIO OBITb KOJJIMHeap-
M ¢ OJIH, ¢puKCHPOBAHHON OTHOCHTEbHO KPHUCTAJLIOrpa-
¢duueckux Hanpasaenuit. Och z GyaeMm cosmemats ¢ OJIH
(puc. 1.2). Torna BbIpa:KeHHe JJIS IJIOTHOCTH 3HEPTHH aHH-
30TpPONHH OyJeT HMeTb BHA:

K 2 )
W= (M M) =K — o M, (1)

rie K — koHcTanTa 0oAHOOCHO#H aHH3orponuH. Ilpu BhBOZE
(1.5) 6bvi0 HCmoab3oBaHo coorHomenne (1.1). Omnyckas
NOCTOSIHHBIA WJIEH, He 3aBUCSIIKH OT YIVIOB, B C(epHUeCKHX
KOOpAMHATaX HMeeM:

wa=K sin?6. (1.6)

B oanoocubix Marnerukax ¢ OJIH KoncranTa aHH3OTpO-
muu K>0, trak uro munumyMm (1.5) u (1.6) mocruraercs
npu M.==+M (0=0, n). 3amernm, uro npu K<0 Bekrop
M pacronaraercs B II0cKocTH X0y, T. €. HMEET MeCTO aHH-
30TPOIHS THNA «IUIOCKOCTb JIEFKOTO HaMarHHYMBaHU».

B IIMJI-matepuasiax 3HauyeHHe KOHCTaHThl OJHOOCHOH
aHUBOTPONHH COCTaBasieT B cpemrem 108—10% Lac/m® [14].

MiaMepenusi NOKa3bBAIOT, YTO DPeLKO3eMenbHble (eppo-
rpaHaThl, HCIOJNb3yeMble B KauecTBe 1IM/I-maTepuaJos,
gyacTo He sBJASIOTCH oaHoocHhMH [18, 19]. Xora BKaazn co-
craBasiioOmIelt 3Hepruu, onpefensemoii us (1.5), n aBasercs
OCHOBHBIM, OJHAKO MMEIOTCS JONMOJIHHTE/IbHbIE BKAabl, 00y~
CJIOBJCHHbIE OPTOPOMOHUECKOH M (MaM) KyGMUecKoi CHM-
MeTpHell BellecTBa. DTH COCTABJSIOLHE SHEPTHH aHH30TPO-
M TIPHBOAAT, B YaCTHOCTH, K HEIKBHBAJIEHTHOCTH Pa3/Hi-
uplx Hanpasiemmii B miockoctn LIMJI-maenku. Hacro
KOHCTAHTH AHM30TPONMH H3MEPSIOT B €AMHHIAX MarHHTHO-
ro moas; >bdeKkTHBHOE IOJe ONHOOCHOH aHHBOTPONHH
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onpenensiercsl CSAYIOMAM 06pasom:

Ha=2K/uoM, .7

rie po=4n-10-7 T'n/M, Kax # BCOAY B nanbHefinreM, Mar-
HHTHAs MOCTOSHHAsI (MarHUTHAs NPOHALAEMOCTDb BaKyyMa).
B IIM/[I-marepuanax Ha=105--107 A/wm.

MarnnrocTaTuueckas sHeprus. [lns (eppOMArHHTHAIX
JM3/MeKTPHKOB TOJNHAA CHCTEMA ypaBHeHuii MaxcBesia
(npu mpeneGpeKeHHH NPOLECCaMH 3ama3fbIBaHKA) CBOAUT-
csl K yDABHEHHAM BHAA

rotH=0; } (1.8)
divB=0,

rne B=po(H+M) u H — MarHuTOCTaTHYECKOE mosie, €O3-
JaBaeMoe HaMAaTHHYEHHOCTbIO 06pasna M (MarHHTO/HTIONB-
Hoe TIoJIe, Pa3MarHHUMBaloliee NOJe I mose paccesinus).
Tanrenuuanbusle cocrasasiomue H n nopManpHas cocras-
Jsomasi WHAYKIWH B YIOBIETBOPSIOT Ha TOBEPXHOCTH
06pasiia MPH OTCYTCTBHH TOBEPXHOCTHHIX TOKOB YCJIOBHAM
HenpepLIBHOCTH.

Ecnn pacnpefenenne M(r) cuuTath 3alaHHEIM, TO pe-
menue (1.8) npumer BUA:

o r—r'|

1 (divM@) g0 1 M () dS'
H(r)=TVV———v LT _FV§*[r—r'l 3 (1.9)

o’

rae TepBblii MHTErpaj YUHTHIBAET o6beMHBle «MarHUTHBIE
3apaxs» W Gepercs 1O 06beMy MarHeTHKa; BTOPOH YUMTHI-
Baet l'lOBerHOCTHbIE «MAarHUTHBIE Bapﬂllbl» u GepETCﬂ no
BHelIHefl TIOBEPXHOCTH 06pasua (BeKTOp dJeMEHTa TMOBEpX-
HocTH dS HaNpaBJeH 1O BHELIHel Hopmanu). 3HaK MOBepX-
HOCTHBIX MarHHUTHBIX 3apsnoB TOJIOXKUTEJIEH, eC/IH Hanpas_-
JIeHHe M na Tpanuue coBnajaer C Hal‘lpaBJIeHHeM BHEITHeH
HOpMa.’TH K Heﬁ, " OTPH!.laTEJleH B HPOTHB‘HOM ciaydae.
O6beMublil MaTHHTHEI 3apsiji Omperensercs BhIpAXKEHHEM
pM——————diV M. .

TMone H(r) Moxer GHTb BCerna HaHICHO TIyTEM HENO-
CpEJICTBeHHOI‘O HHTerpHpOBaHHﬁ, KoTopoe, Kak npaalmo,
OKa3bIBaeTcs l‘pOM03llKYIM. Tonbko AJsi Tena, UMerlero
(opMy 3JTHICOHAR (unn KaKoro-u60 ero BBEIPOKIEHHOIO
cayuast: cdepsl, IIHHHOTO LUHJAMHAPA, TJIACTHHBEL H np.),
CylllecTBYeT COCTOSHHE € NOCTOSHHBIMA 3HAUECHHAMHA uamall-;




[image: image7.jpg]HUYEHHOCTH M TOJsI paccesHust BHYTpu mero. Cocras-
JISTIONTYIO TIOJISE PacCestHHsl BHYTPH 06Pasna mo i-My Hampas-

nennio H; B 3TOM ciTyuyae MOKHO BHID43HTb 4epe3 TEH30p
pa3MarHHYHBalIKX GakTopos Nix:

Hi=— 2 NuM,, (1.10)
k=x,y,2
Tae
_ 1 @ dar’
M= G f-lr—r—;

Orciona ans siumnconna
x! y‘ z!
Tt tE=!
Beuncaenns nmo (1.10) B cucTeMe KOODAMHAT, HalpaBJeH-

HOH 1O ero 0OCSIM, NMOKAa3hbIBAIOT, YTO OTJIHYHBI OT HYJS TOJb-
KO JIMaroHaJ/JibHble 3JIEMEHTHI:

No— (1 —et) SO ZEW, ‘|
A E(Q—(1—e)K(
NIIU_T_W‘Q‘ } (1.11)
_ h E (¢)
Nee =1 = ey l

roe

SV

;(k) i e

e }—05 (1 — K sint o)* 12 do (1.12)

— TIOJIHBIE BJUIMIITHYECKHE HHTErpaJjbl II€PBOI'O H BTOPOTO

pomoB. TaGauubl pasmarHuyuBaomux ¢akropos (1.11)
umewotest B [20].

Jlust GecKOHeUHOH ITACTHHHI (@—co u b—-o00) Kommo-
HeHTH mossi paccesinus Hy, Hy Mcue3al0T M OCTaeTcs TOMb-
Ko H.-KOMIOHEHT:

o=—Mz, Nz.=l, (1.13)

Hanpameﬂﬂui& NPOTHB HAMAarHU4YeHHOCTH B IIACTHHE.
12

Vpasrenns (1.8) Taxxe AONYCKAalOT MPOCTOE pPeIIeAHe
B IPAKTHYECKH BAXHOM CIydae OJHOMEDHOro paclpejlese-
HUsST HaMarHMYeHHOCTH, Hanpumep, M=M/(y). Hurterpupo-
BaHHe BTOpPOro u3 ypasHenuit (1.8) mosBosser NOJAYIHTH

Hy(y)=—My(y) (1.14)
u BHpa)KeHHE s Marﬂmoc‘ramqecxoﬁ IHEPruH B BHJIE
Ep=—1 SM(r)H(r) dr:—"z,iS(H(r))‘ dr. (1.15)

MnTerpupoBaHHe BeleTCs IO BCEMY IPOCTPAHCTBY. Co-
raacHo (1.15) Ewe>>0, mostoMy BKI2K MAaTHHTOCTATHYECKOH
sHepruu B 0OweM ciydae OyJeT MHHHMAJNbHHIM NIPH HEOA-
HOPOJHOM pacTpe/e/leHHH M(r).

Ecan BBeCTH DasMarHHuuBaomuii _(paxrtop, TO (1.15)
npHHUMAaeT OCOGEHHO NPOCTOM BHA. TMoacraroska (1.10)
B (1.15) maer:

Ep="2 EN,kMiM,,. (1.16)

Lk

Ilie U— 06beM SJUIHNCOHAA HIH €r0 BHIPOXKAEHHOH QOPMBL
Hs (1.16) cmexyer, 4to jiIs HOCTHXKENHMs MHHHMyMa Mar-
HHTOCTaTHYeCKOH 3Heprud M B OJHOPOJHOM caydae AOJXK-
HO GHITH HanpaBneHo Tak, yTo6H COOTBETCTBOBAaTb MHHH-
ManbHOMY Nig.

st ONHOPOXHO HAMATHHYEHHOH IIMJ-naacTHHH CO-
rnacio (1.13) u (1.16) Eyc==oco. Hammune LM B mia-
CTHHE He MeHseT 3TOro BHIBOJA, NO3TOMY SHEPrHIo M
OTCYHTHLIBAIOT OT 3HEPTHH OJTHOPOJHO HaMaTHH'-leHHOﬁ niaa-
cTuHH. B ciayuae, COOTBETCTBYIOIIEM (1.14), s MIOTHOCTH
Marumomamqecxoi& SHEpruu uMeeM:

W= B M, (1), (1.17)

Cornacuo (1.13) BeKTOp HaMarHHYEHHOCTH JOJIKEH pac-
HOIOKHTHCH B TWIOCKOCTH muacTurbl. Ecan mMeercs OLHO-
ocrasi auusorpomusi (1.5), (1.6) ¢ OJIH, nanpasienHol
epIeRHKYIAPHO IIOCKOCTH IIACTHHBL, TO BEKTOp Hamar-
HHuenHOCTH pacnoioxkurest Bioab OJIH mpu BHIMONHEHHH
CJIeAYIOIEro yCIOBHS:

K >—%"—M’.
13




[image: image8.jpg]BBenst Tak HashBaeMbt g-pakrop (dakrop kavecrsa),
NpHBeNeHHOE paHee YC/JIOBHE MOXKHO NpPEICTAaBHTh B BHJIE

2 H,
g=T = >1 (1.18)

Hepasencreo (1.18) xapakrepuayer mpeoGnananue CHJ
OJHOOCHOM aHH3OTPONMHH HaJ MAarHHTOCTATHYECKHMH H
onpenensier NPHUTOXHOCTb MaTepHasta B KauecTBe HOCHTENS
ma.

JHeprusi BO BHEIIHEM MATHHTHOM mnoJe. Bripaxenue
JIst 3TOM COCTAaBJISIONIEl SHEPIHH HMeeT BH:

Eﬁzswﬂdrz_poy(m (r) H, (r)) dr, (1.19)

rne H, —3anannoe BHellIHee IoJe.

6) PaBHOBecHOe cocTosHMe heppoMarHeTHKa

TIpuseseM Temepb OKOHYATENbHOE BHIDAXKEHHE LIS TIOM-
HOMN 5Heprum eppoMarHeTHKa:

E=5.udr:f(”’oﬁu"“wa—'-wm—kwﬂ)dr, (1.20)

I'fie TJIOTHOCTb SHEPrHH @ eCTh CYMMa IIOTHOCTel SHeprui
ob6Mmena (1.3), aHH30TPONHH, KOTOPYIO MPEANONOKHM OLHO-
ocuoft (1.5), marmurocraTuueckux Bsammognefictsuii (1.15)
H B32aHMOJEHACTBHS C BHEIUHHM MarHHTHHIM mojem (1.19) *.

Tlonuasi sHeprust ¢eppoMarHeTHKa NpejcTaBleHa Kak
¢dynxunonan or M(r), u 3anaya o6 OmpeneseHHH pacrpe-
JleJIeHUs] HAMaTHUYEHHOCTH BHIIVISAHT TeNepb Kak o6blyHaS
3a/1a4a BAPHAIMONHOTO HCUHCAeHHs co cBsisbio (1.1) [5, 6].
B cOOTBETCTBHH C H3BECTHBHIMH IOAXOJAaMH YPaBHEHHUS paB-
HOBECHSI MOTYT GHITb TIPEJCTaBJEHH CJIENYIONHM 06pasoM:

ow ) dw )
= Y e rmny HHOM=0;

f=x,y 2
M (=M i=ux,y, 2
VYpasuenust (1.21) onpesensioT TPH KOMIOHEHTa HaMar-

HHYEHHOCTH M MHOXHTenb Jlarpamxka A(r). YpaBuenus
(1.21) MOXHO NMPHBECTH K BHAY

(1.21)

* OmocurensHo ApyrHx cocrapisiomux B (1.20) cm. mutepatypy,
YKa3aHHYIO B NPEANCIOBHH,
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[MXH#] =0;

oo 1 dw 1 ( dw
B =— o OM; B 0M1+

] ow
+ 2 0% 5 M_t_) )
j=% 92 ( 0%} W)
aBHeHHs CJeAyeT pematb NpH YCIIOBHH 1)
BEJEI:II:IHZPHQW HOCUT HasBanue 3PEKTHBHOrO BHyTpeHHe-_
ro mosisi. BasiB Tax HasblBaeMble BapHAlMORHbIE TPOH3BOL-
ppe 8/8M; mo mpaBuay, YKasaHHOMY B (1.22), nosmyunm:

W% =120+ B - H - H. (1.23)

Tocnennuit uieH B TNPHBEIEHHOM BHPaXEHHH l?lcE
pemmee Maruurnoe mone He, npe;mocnemuml Zq:;m;xo -
mosie pa3MarHHUuBaHuA (1.9); kpome TOTO, B (1.23) Jit
addekTuBHOE ob6MeHHOe TI0JIe

(1.22)

— e ——

o0 24 (1.24)
B = oy AM
1 3 ¢dexTUBHOE NOTE OIHOOCHOH aHH30TPOMHH (1.7), xoto-
pOe TIpeiCTaBHM B BEKTOPHOM BUAE:
LS = 1.25)
H% = 2 (M), n=0, 0. ). (

VYpaBHeHHs (1.22) sBasoTCS OCHOBHBIMH JJI51 onucg:::

CTAaTHKH OMNHOOCHBIX (pepPOMArHeTHKOB. ucoocl:rl;a?%ocrom
i HaMarHHueH!

aBHEHUAM MCKOMBIH BEKTOP -

&gﬂ paBHOBECHﬂ JOJKEeH pacnonara'rhcx napa.’menbﬂo no

b
e BH:IPZ-)KCHHSI (1.22) — HeJHHeHHas uHTErpoluQdepeHit-

i A
anpHasl cHCTeMa ypaBHeHHH, H MOMYuHTH ee PelleHHs A

ero cJaydasi HeBO3MOXKHO. i
OGHIB nangueﬁuxem TIOAE3HO 3amucaTh ycJaoBus, onpexess

follHe HAMAarHUYeHHOCTb B (eppoMarseruke B cd)epnq:;::;
KoopJauHaTax (puc. 1.2). OrpaHuyuMcs paccmo-rpoﬁ e
OJIHOOCHOTO (peppOMarHeTHKa c O.{{I;Il,e Hl;a(\)lz}_‘)‘;sn;lﬂ_li o)

M Hamar = 5
ocH 2, M pacnpe/ieienne ;
[LIOTHOCTb SHEPTHH TOTAA MOXKET 6HTh 3aMUCaHa B CAEAYIO

ueM BUJE:
w= A[(—‘l’,"y—)’-psw e(%)‘]-rx sin*0+ )




[image: image9.jpg]+~% M sin® 6 sin® o — MH p, cos 0, (1.26)

Tle TOCHe[HHHA 4YleH Onpefe/sieT COCTABJAIONUIYIO MJIOTHO-
CTH 3HePrHH OT BHemHero noas H, Ilonyunts ypaBHeHHs
paBHOBecHst MOXHO 1o (1.21); onmHceIBast HanpaBJeHHe Bex-
Topa M yraamu 6 u @, HMeeM:

240" — Asin 20 (¢/)* — K sin 20— M sin2 sintp —
— wMH, sin§=0; (1.27)
A(sin® 8"y — £ M? sin® § sin 2p =0, (1.28)

B KOTOPHIX IITPHX YKa3biBaeT Ha AH({epeHuHpOBaHHE TIO Y.

Kak oTmeuasoch, TOUHOE pelleHHe CHCTEMbl yPaBHEHHH
(1.22) unn Heckosnpko Gosee mpocroit (1.27), (1.28) B 06-
IeM ciyyae HeBO3MOKHO. OT/e/bHble TOUYHBIE pPelIeHHS
MOTYT GBITH NOJNYUEHbl IPH HEKOTOPHIX YACTHHIX IPEANOJOo-
JKEHHAX OTHOCHTENbHO BHJA IIOTHOCTH ITOJIHOM 3SHEPTHH.

Upe3BbYaiHO MOIIHBIMH NpH pemeHHn (1.22) mm
(1.27), (1.28) oka3eiBajoTCA NPAMBIE MeTOAbl BAPHALMOH-
Horo ucuucienns [5, 6]. Mcxoxs n3 ¢usuyeckux coobpa-
JKeHHH, 4aCTO MOXKHO yKa3aTh KayeCTBEHHBIH BHJ QYHKUHHA
0(r) u @(r) uepes mapaMerpsl (060GIIEHHEIE KOOPAHHATHI)
g (i=1,2...):

0=0(r, q:), o=0(r, ;). (1.29)

TlogcraBus (1.29) B (1.26) u MPOWHTErpHPOBAB MO MPO-
CTPAHCTBEHHBIM KOOpDAHHATaM, MOXHO HaATH MHHHMYM
TOJIHOH SHEPruu 1o 06001IeHHBIM KOOpAHHATaM:

0E(q) __
=10, (1.30)

Temepp BMeCTO CHCTeMBl AuddepeHUHanbHBIX ypaBHe-
muit (1.22) uau (1.27), (1.28) mMeeM cuHcTeMy TPaHCUEH-
JeHTHBIX ypaBHenuit (1.30), pemnTh KOTOPYIO 3HAYUTEJBHO
npoue. B KauecTBe g; MOTyT ObIThb HCIO/IL30BaHbl Xapak-
TepHble PasMephl AOMEHOB, IOMEHHBIX rpanHIl u mp. [Ipo6-
gble ¢yHkuun (1.29), KOHEYHO, NO/IKHBI YJOBJETBOPATH
rPaHHYHBLIM YCHOBHSIM 3ajaud. O6A3aTeNbHO caelyer Tpo-
BepsATh ycTohumBocTh pewenus (1.30), 1. e. oTBedaer s
noJTyueHHbl Ha60p ¢ MHHHMYMY NOJIHOH sHeprun E. 3ame-
THM, 4TO omu6Ka B BEGope (1.29) Ha &f npuBOAUT K OMIUG-
Ke B onpejesnenuy sHepruu Ha (8f)2
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8] JloMeHsl, fOMEHHbIE FPaHMLLbi

C Touku spenusi o6MeHHO#H sHepruu (1.3) Bcersa BhIrog-
HO TPOCTPAHCTBEHHO-OJHOPOJIHOE pacnpeieseHHe HaMarHH-
4eHHOCTH N0 06pasily. MaruuTHas aHH3oTponus tuna (1.5)
BEJeT K TOMy, 4TO He Bce HampaBienns M=const B Kpu-
cTa/sle 3HepPreTHUeCKH PaBHONPABHBI: CPefH HHX HMeIOTCS
NPEHMYILECTBEHHEE, AalOlHe MHHHMYM 3HEPIMH aHH30-
TPOIHH.

[onoxurenpHas MarsdTocTalndeckas smeprus (1.15),
HanpoTHB, AOCTHraeT B OClleM cJydyae MHHHMyMa, KOrjga
pacnpeiesiende HaMarHHYeHHOCTH 10 06paslly HEOAHOPOA-
HO. Yacto 0/JHOpPOJHOE pacHpejesneHHe HAMATHHYEHHOCTH
pacnajaercsi mo 3TOH NPHYMHE HA JOMEHBI — 06JIaCTH OAHO-
POJIHOH HAMarHMYEHHOCTH, OPHEHTHDOBAHHBIE PAa3JHUHBIM
06pa3oM Mo JIerKHM OCSM M pa3/e/eHHble NOrDaHHYHBIMH
06s1acTAMHA (LOMEHHBIMH DAaHHIIAMH), B KOTOPHX HaMarHu-
YEHHOCTb DEe3KO MeHseTcs IHO HalpaBJeHHIO. BHMrpsim,
JIOCTHraeMblii IPH TaKOM pacnpeje/ieHHH 3a CYeT yMeHblle-
HHSL MarHUTOCTATHYECKOH SHEPTHH, JOJ/IKEeH NOKPHIBATh yBe-
JIMYeHHe 3HePrHi O6MeHa M aHH30TPOIHH, JIOKAJH30BaHHOE
B JOMEHHBIX rpaHuuax. IloHATHEM JOMEHHOH TIpaHHUbI
MOXKHO IIOJb30BATbCH, KOHEUHO, €CJH €e TOJIIHHA MHOro
MeHbllle Pa3MepOB JOMeHa; BbIYHCJEHHSI M NPSAMble IKCIe-
PHMeHTa/bHble HAGMIOAEHNS TIOKAa3bIBAIOT, YTO 3TO BO MHO-
THX CJIyyasix AeHCTBHTENBHO HMEET MECTO.

Onpenennm BHayaje MOPSAOK TOJIIHHE! JOMEHHOH rpa-
HuUB. EcaM HCKOMas TOJIHHA TPaHHLB 8, TO SHePrus Ha
e[IHHHILYy ee NMOBEPXHOCTH CJIOXKHTCS H3 IABYX YacTeH: sHep-
run obmena (1.3) u ammsorpomuu (1.5). IlepBast mpomop-
uxoHanbha A/8, a Bropas — K§. HMckoMmas toaimuna mnosay-
yaercss MHHHMH3alMe#l MO § CyMMBI 3THX 3Hepruii: 8=

=~V A/K. TI10THOCTbIO 3HEPrHH pPa3MarHHUMBAHHS, NPO-
nmopuHoHaAbHO# M35, mo kpaiineil Mepe B LIMJI-marepua-
nax, rae Bumoansiercst (1.18), MoxHO B mepBoM NpHOMH-
JKEeHHH TpeHeGpeyb.

Jls npHOIHIKEHHOH ONEHKH IIMPHHBI CaMHX JOMEHOB
aHaJIOTHYHO OYJAeM HCXOAMTH M3 NPEANOIOKEHHS, U4TO HO-
MEeHBl B IJIACTHHE HMEIOT BHJ IJIOCKOTNapaIelbHBIX CJI0eB
MOCTOSIHHON TOJIIIHHBL @, PacnpeleNeHHBIX N0 AJIHHE IJa-
ctuabl L. TakuM 06pa3oM, MOBEPXHOCTHAS! SHEPIHS IOMeH-
HBIX TPAHHIl HA eJ(MHHIY JJIHHBI IVIACTHHBI IPONOPLUHOHAb-
Ha L/a. B6aH3H MOBEPXHOCTH IVIACTHHBI HA PacCTOSTHHAX
MPUMEPHO @ BO3HHKAET I0Je PACCEHHS, OTIHIHOE OT HYJS.

2—1036 17




[image: image10.jpg]Ha eaunnuy miuHsl 5Ta SHEPrus MPONOPLMOHaAbHA . MHu-
HUMH3HPYS IOJIHYIO SHEPrHI0 IO @, NPHXOAMM K OLEHKe
a~ VL.

IloHsTHO, YTO MPH AOCTATOYHO GOJIBIIHX pa3Mepax mJja-
CTHHH L TOMIHHA JOMeHa 4 NPEBOCXOJAHT TOJILHHY JO-
MeHHOH rpanuubl. Ilociefusisi ¢ y4eroM UHCJEHHBIX 3Haue-
Hull, npuBojuBWHXcA B § 1.1, cocraBaser mpumepHo 0,1—
0,01 MkM.

1.2. AJOMEHHbBIE FPAHMLbI B LUMA-MATEPMATIAX

LlunuHADHUECKHE MAarHHTHEE JOMeHB HaG/IofalTCs
B JOCTATOYHO TOHKHX IIOCKONApaJlJIeJbHbIX IIACTHHAX Be-
mects ¢ Gosbuioit KoHcTaHTOH aHusorpomuu thma OJIH,
OPHEHTHPOBAHHOH MePNEHAUKYNSAPHO IVIOCKOCTH IIACTHHHI
(cM. puc. 1.1). HamoMuuM, 4YTo yC/JOBHE NPHIOAHOCTH Be-
mecra B Kauectse LIMJl-MaTepHana COCTOHT B GOJbIIOM
sHauenun g-axropa (1.18):

9K _ H,

9= =u >

Ilepexoanble 06JacTH MeX1y AOMEHaMH — JAOMEHHbI®
FPaHHLL B OAHOOCHEIX MarHeTHKaX OKa3HBAIOT CYLIECTBEH-
HOe BJIMSIHHE Ha CTAaTHYeCKHe H JHHAMHUYeCKHe CBOMCTBA
CaMHX JOMEHOB.

a) BroxoBckasi M HeenescKas AOMEHHbie rpaHMubl

OGparuMcsi BHauale K H3YUeHHIO Ha ocHoBamuu (1.27)
# (1.28) npoOCTEHIIHX THMOB AOMEHHHX TpaHAl: G/IOXOB-
CKOMl M HeeJeBCKoOH, H306paxeHHbX Ha puc. 1.3.

C 5TOf 1e/bi0 PACCMOTPHM OJHOOCHBIH (heppPOMarHeTHK
¢ OJIH, HanpaB/eHHOH IO OCH 2, B OTCYTCTBHE BHELUIHEro
MarHHTHOTO IIOJIS. OTarUATENbHOR qep'mﬁ YKa3aHHHX TH-
OB TPAHHL, sIBJSETCS ONHOMEPHbH XapakTep pacipejerne-
HHS HAMarHWYeHHOCTH B HHX, KOTOpHi BhIGepeM B BHAE
M=M (y). Takum o6pasoM, rpaHHIa PacnoJO}KeHa B IIO-
CKOCTH sz, pasfiensis JaBa JOoMeHa C HaMarHH4YeHHOCTAMH
M.==+M. Tlonoxenue Bekropa M Oynem onuchiBaTh ABY-
Ms yraaMmu, yKasanHbME Ha puc. 1.2. Takum oGpasoM,
B GJoxoBcKol noMenHoii rpanuue (BAT) ¢=0, B Heenes-
ckoft @=m/2. BioXoBcKasi AOMeHHAsi IPAaHMIlA XapPAKTEPH-
3yercst OTCYTCTBMEM MAarHHTHBIX 3apSJOB Ha ne#t (div M=

18

=0), Torna Kak HeeleBCKast NOMeHHas TPaHHLA (HAT)
o6sajfaeT HMH.

Onpenenerue CTPYKTYpH AOMeHHOH TpamHIb TpeGyer
cosMectHoro pemennst (1.27) u (1.28). Hx crporoe petre-
HHE OTHOCHTE/IbHO NIPOCTO MOXET OHTb HaiifeHO JIUIIL NpH
@, paBHoMm 0, +a/2, +n. Jlanee 6yner ykasano dbopmais-
HOE pelleHHe, ONMHCHIBAlOUlee MOMEHHHE IPAHHUEL C IPOH3-

sar
[ - —
- L #~ = L] e _
m
ey 0] I i
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L M) ol 7 m [
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.z'/ y=ﬂ
Har
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-+ ke 7 =
- s — o - M
P - = AN
LoAmL ) o I
T YV T 7 P
/T ¢=n/2

Puc. 1.3. [IpocThie THOB XOMEHHBIX TPAHHLL.

a— GII0XORCKas foMeRHas rpanmma (BHAT); §— -
e (onom (BAT); HeesneBCKasi JOMEHHAd TIpaHu

BOJIBHHIM a3MMYTaJbHHIM yIJIOM ==const, xapaKrepusyo-
IHM BLIXOX BEKTOPa HAMAarHMYEHHOCTH H3 TIOCKOCTH Ipa-
HAUB. Jlns mosywennst sToro pemmennst ypasmemume (1.28)
paccMaTpHBaTh He C/IeAyeT, TaK KaK ¢ B INIOTHOCTH SHep-
ruu (1.26) me Bapbupyercs no mpexnosoxennuio. Ilomyuen-
Hoe (opMasibHOe pellleHHe OKAXKETCs NOJMe3HEIM B JaJIbHel-
meM IIpH aHaJ/JdH3e BEPTHKAJBHBIX GJI0OXOBCKHX JUHAA H
IFAHAMHKH TJIOCKOH TOMeHHOH rpanuus. Hrtak, coBMesTHOe
pewenne (1.27) u (1.28) MPHBOAHT K OJHOMY yPaBHEHHIO
JUISt TIOJISIPHOTO yriia:

a —2 .
7 8,7 sinf cos §=0, = const, (1.31)
2¢ 19




[image: image11.jpg]rae
5’=‘/.A/(K+»"2LM’sin'<p). (1.32)

Tapamerp 8, uMeer pasmeproCTs AMHHBL § ompenenser,

KaK OyZeT BHAHO M3 MaibHefINero, MOMOBHHY TOIIHHBI
IOMEHHO/ IPaHHNL. 3aMenuM eme pas, arto (1.31) u (1.32)
ic‘ramxe CIPABEMNTHBL JHIIb TIPH @, paBHOM 0, =+mn/2,
=+

Hnst pemenust nuddepeHIManbHOro ypaBHEHHS (1.31)
Tpebyercsl 3amaHMe TPAHWUHHIX YCJIOBMI. IMockonbKy pe-
mraercst 3ajaua o6 OHOM NEPEXOLHOM CJI0e, Pa3IessiomeM
JABa NOMeEHa ﬂpOTHBOﬂOJIO)KHOI:l HaMarHu4eHHOCTH, TO npu
y=ckoco HaMarHWYeHHOCTH PaBHB FM, a HX nepsHe mpo-
H3BOAHbBlE 06paIAIOTCS B HYJIb:

8 (y=00) =m; B(y=—00)=0; 0’ (y==-00)=0. (1.33)

VYpasnenne (1.31) He comepXHT B ABHOM BHIe HE3aBH-
CHMOM IepeMeRHOH, TO3TOMY NePBbIfi HHTErpPaJ, yAOBJIETBO-
psuomuft (1.33), Moxer GbiTh HafifeH cpasy:

df =
W=av’ sin. (1.34)

MurerpupoBanue (1.34) npusonut x dopmynam
sinﬂ:ch-'({:); cose=_th(}£), (1.35)

L 2

onpenesiomuM M(y)=(MsinBcosp, Msin@sing,
M cos 6).

Ananus (1.35) mokasbiBaeT, YTO OCHOBHOE W3MEHEHHe
noasiproro yraa 6(y) or m o 0 mpoucxoauT B6aM3H y=0
B 06nacTH npHMepHO S,

Boiuuc/iuM 3Hepruio, CBS3aHHYIO C IOMeHHOH rpanuueft;
r(nl)ncniasnm ans atoro B (1.26) pemenne (1.35) c yuerom
.34):

w=2<1<+—”21M'sin'<P)sin'e. (1.36)

Hs (1.35) u (1.36) BHaHO, 4TO 3Ta SHEPTHs NONOMH-
TeMbHA H JIOKaMH30BaHA B obnactu npumepHo 8, Takum

0o6pa3oM, ¢ IOMEeHHOA IPaHHLUEH MOXKHO CBSI3aTb (10.{0XH-
TEJEHYI0 MJIOTHOCTb NIOBEPXHOCTHOMN HEPTHH:
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s afwdy:tl ‘/A(K—F%M' sin’q:). (1.37)

Ws (1.37) caenyer, uto npu @, paBHoM 0, m, rpanuua
ob6nagaer MuHuMymom sHepru (1.37). DTo cooTBeTcTByeT
TOMY, 4TO JIOKA/JH30BaHHAsl B IPAHHIle MarHHTOCTAaTHYECKas
3Heprus ofpauiaercs B Hy/Jb (MarHHTHHE 3apsibl Ha rpa-
HHLE OTCYTCTBYIOT). DTOT cJaydail H306paxeH Ha puc. 1.3,a
H oTBeyaeT GIOXOBCKOH NOMEHHOH IpaHHIe:

oy=4V7K; 3,=VAK. (1.38)

Ecnu @=4xn/2 (puc. 1.3,6), T0, KaK yKe OTMeYaJoCh,
TaKkasi TPaHHLA HasbiBaeTcsl HeeseBcKoi. Ee smeprus mpe-
socxonut suepruio BT, a Tonmuna Menbme, yem y BIT:

°N=41/A(K+J‘2°_M'); 6N=I/A/(K—|—%°M‘-).
(1.39)

DHeprus JOMeHHLIX rpaHul, omuchiBaeMex (1.35) ¢ 3a-
JAHHBIM @, He 3aBHCHT OT OPHEHTAILHH IPAHHILI B IJOCKO-
ctu xOy, mepnenpukynspxoi OJIH. B IIMJI-matepranax
¢ JOCTATOYHO SIPKO BHIPAXKEHHBIMH OPTOPOMGHYECKOH H Ky-
6HYeCKOH aHM30TPONHSAMH 3T0 He TakK. OcoGeHHO 3aMeTeH
s¢pdekT opTopoMGHUECKOH aHH30TPONMHH B oprodeppurax,
rie OH NPHBOAHT K JIErKOH 3JUIHNTHYHOCTH opmbl IIMT
[14], aHU3OTPONYH NIOABHKHOCTH LOMEHHOH I'PAHHIH B ILIO-
ckoctH muactuHbl [21]. B depporpanatax HaJHuMe OpPTO-
poMOHUYECKOH M KyGMUeCcKOH COCTaBJIAIONIHX AHH30TPONHH
TaKXe CYLIECTBEHHO Liad3bIBAETCH HA CTATHYECKHX M JHHA-
MHYECKHX CBOMCTBaX AOMEHHBIX rpaHHl [14].

6) BepTtHKanbHbie 6nOXOBCKME NMHMM

B cTpyKType NOMEHHBIX I'DaHHIl BCTPEYAIOTCS TaK Ha3H-
BaeMbie BepTHKaJbHble OJoxosckue Junuu (BBJI). Hx
Ha/lHYHe B JOMEHHOHN I'DaHHIle IPHBOJHUT K TOMY, YTO JOMEH
npeBpallaeTcs B MarHHTOXECTKHIL.

OrpannunMcst paccMorpendem BBJI B miockoit BT,
KOTOpas, KaK M Ipexje, NpeAnosaraercsi pacnoJoxXeHHOH
B miockocTH x02 W pasjensieT ABa JOMeHa C HaMarHHYeH-
HocTAMH M (y=00)=TF M, HanpaBJeHHHIMH BIOJb Jer-
Kol ocH 2.
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[image: image12.jpg]IMox BBJI monnMaercs: u3o6paxennast Ha puc. 1.4 mar-
HHTHAA KOHQUIypalus, JOKaAH30BaHHAas B miockoctd BIT.
Ecau B npocroit BT yron BHIXOJa BeKTOpa HaMarHHYeH-
HOCTH M3 IUIOCKOCTM TPaHHIB ¢ GBI paBeH JHGO HYJIO,
nu60o m, To npu Haswaud BBJI yron ¢ Bmosie ocm x He co-
xpansiercst. BepTHKaibHas G/IOXOBCKAast JIMHMS INPeICTaB-
nsier co60i KBasuHEENeBCKHH yIacToK (@~Zm/2) B IJIOCKO-
CTH TPaHHUBL, PACNOJOXEHHOH BIOMb JIETKOH OCH 2 H
JIOKA/IM30BAHHHIN, HANPHMep, KaK TOKa3aHo Ha puc. 1.4,
B6au3n x=0. BeprukanbHast 60KOBasi JHHHSA PasjesiseT Ha
ocu x yuactku BT ¢ ¢=0 u o=m.
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Puc. 1.4, Beprukanbuas GinoxoBckas Jukus (BBJI) B miockoit romen-
HOMt rpaHule (IloM&HHaﬁ TpaHHUA pacnojoxkeHa B MJIOCKOCTH xOZ; Ha-
TpaB/IeHHs] HAMAarHH4eHHOCTH yKas3aHBl CTPEHK&MH).

a — NpoeKIHs HA TAOCKOCTh X0y; 6 — npoekuas x02.

BBJI uMmeer NOJIOXHTeNbHBI 3HAK, €CIH NPH IBHXKEHHH
BJOJIb TPAHHMIM 110 OCH X BEKTOP HAMAarHHYEHHOCTH B IleH-
TPe TrpaHHIB IOBODAYHBaeTcss NPOTHB YacOBOH CTPEJKH,
H3MEHSIACh Ha yroa .

OueBHIHO, YTO 3Heprusi mosoxkureabHot BBJI cosma-
maer ¢ 3Heprueit orpuuarenbHod BBJI m me 3aBucuT oT
TOro, B KAKOM MecTe Ha OcH X pacrogoxesa BBJI.

TosinuHa JOMEHHOH TpaHMILI Temephb sBJAsSeTCH (DYHK-
nueit koopaunate 8(x). IlepefineM x ompeneseHuio mapa-
metpoB BBJI, Ecain miotHOCTh 0GMEHHOM 3Hepruu mpeacTa-
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BUTL B BHAe (l.4), anusorpomun — (1.6) u marmurocTatH-
yeckoit sueprud — (1.17), To MIOTHOCTH SHEPLrHH IPaHHIbI
MOZKHO 3allHCaThb CAeAYIOLHM oﬁpaaoM:

w=A[(v0)"+-sin* 6 (v¢)’] + K sin* 6+ "2—'M' sin®f sin’ g,

(1.40)
rae

_ .0 )
V=lor gy

Crporo roBopst, $opMa 3amHCH MAaTHHTOCTATHUECKOrO
unena B (1.40) cnpaBeiiuBa, Kak yKasHBagoch TIpH 06Cyx-
Aennd (1.17), JMmb IS OXHOMEPHEIX pacnpenenenuii Ha-
Maran4ennoctd. OJIHaKO B MaTepHalax ¢ GOMbUIHM dakro-
POM KauecTsa H3MEHEHHEe MATHHTOCTATHYECKOH SHEPTHH 3a
CHeT 3aBHCHMOCTH a3HMYTaJbHOTO yraa ¢(x), kak Gymer
SICHO M3 JaNMbHEHIIero, SBJSETCS MaJbIM.

Mozacranoska (1.40) B (1.21) mpuBogMT X CJeLyIomuM
YPaBHEHHAM:

020 2 dg \? q + sin®
W——smﬁcoszp[(w) +~T"—]= 1

0% . 2
=———+sinfcos § 09N

0x ox | * (1.41)
o*¢ —rg; ; inp 9% ‘
+x —A"'singcos qa)smﬂ:—sm&v—» I
—2c0s 0 (vhvg), )
B KOTOpbIX

Az‘/m, (1.42)

rae A — lapaMmerp, onpefensiomuii noaywupuny BBJI.
,UJ(H JaJpHEHIIIEr0 H3JI0XKEeHHUS CyI1eCTBEHHO, YTO IIO-

CKONMbKY ¢=>>1, 10 TosmuHa BBJI A=65 }/ ¢

'/r\onmm-ry BAT [cm. (1.38)]: s V' g mpescemonms

>35,,. (1.43)
TC TO3BOJIIET 3anucarhb Hepapxuio HEPaBEHCTB

98 st 0 A i 0B
=0 > ~AT > o % (1.44)

KOTopast ykasblBaeT Ha TO, 4TO B MarepHa/nax ¢ GoabIIHM ¢
Haubo/ee GLICTPO MeHSeTCA MOMADHbIi yroxn 6 mo mepemen-
HO#t y. Wenonbays nepaBenctsa (1.44), MoxHO cymecTBeH-
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[image: image13.jpg]HO YNPOCTHTb CJOXHYIO CHCTEMY B YaCTHHIX IIPOH3BOAHBIX
(1.41). deiicTBHTENIBHO, IPABHIMH YACTSAMU STHX yPaBHEHHN
B cuny (1.44) moxuo npeneGpeub. Torza cucrema (1.41)
IPHMET BUA:

Cal) {(1\'_)4_ A-tsinto a;’} sing cos §=0;

o |\ox
i : (1.45)
Sar— A" sinpcos e =0.

3HayeHHe yra ¢ onpejessieTcsi BTOPHIM H3 ypaBHeHMH
(1.45), xoTopoe no ¢popMe coBMaLaeT ¢ PAaCCMOTPEHHEIM pa-
Hee ypaBHeHHeM (1.31). ITpeHeGperasi nonpaBKaMu BBICHIHX
NOPsiAKOB, PacCMOTPHM IepBoe ypaBHeHHe cucteMsl (1.45)
npH QHKCHPOBAHHOM X.

T'paHuuHBle YCJOBHS HPH pelleHnn ypasHenns (1.45)
HMEIOT BHA:

Getx=%£) _q (1.46)

P (x=00)=0; ¢(x=—o00) %

B noasoM coorserctsun ¢ (1.31) u (1.33) noayyaewm:

sing=ch~'(x/A); cos p=th(x/A); (1.47
sinf==ch~*(y/3 (x)); cos 0="th(y/s (x)); } 40
871 = )/ 57 4 -sin’e. (1.48)

Kak Bupno us (1.48), TonmuHa JAOMEHHOH T'DaHHLBI
yMeHbUIAeTCsl B MecTe pacnojoxenus BBJL.

CymecrBoBanne BBJI sHepreTHuecku sBJIsS€TCS HEBBI-
TOAHBIM, IIOCKOJIBKY €e oﬁpasoBaHne CBsI3aHO C JOINOJIHH-
TeJBHEIMH 3aTPaTaMH OGMEHHOH H MAarHHTOCTAaTHYeCKO#
SHEPIHH. OHHaKO OHa MOXeT CyLlecTBOBaTb B KauecTse
MeTacTaGHIbHOTO COCTOSIHHS, OT/HEJEHHOTO OT pacmpejene-
Hus, orBevaiollero npocroii BT, morennuaabubiM Gapbe-
pom. ITepexon or BAT ¢ 9=0 x BJIl ¢ ¢=n Moxer ocy-
IecTBAsTbCA myTem nepeMemenns BBJI (B nanmoM ciyuae
BAOJIb OCH X).

Panee 6bl1 paccMoTpeH cayuail exunnynoft BBJI, dak-
THYeCKH e HX IVIOTHOCTb B JOMEHHOH TIpaHHLe MOXeT
6biTh BeicoKa. Ha puc. 1.5 H306paxkeHbl JOMEHHbIe IPaHH-
1sl, conepxaiye BBJI pasaHuHbIX 3HAKOB.
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B] Bnusinue noneii paccesHWA Ha BHYTPEHHIOI CTPYKT
AOMEHHOH rpaHnusl B LUMJl-nnactuie s

PaccMorpum Xapakrep HCKaXeHHs CTPYKTypn BT
B LIM/I-mtactune moj AedCTBHEM TOJed PacCesHHs, KOTO-
phle BOSHHKAIOT H3-32 KOHEYHOH TOJIIHHE! IacTHHHE. Ha-
JIHUHE STHX TOJeH NPHBOAHT K TaK Ha3HIBAEMOH CKPyueH-
HOHM JIOMEHHOH rpaHHLe.
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Puc. 1.5, Cucrema monoxutens- Puc. 1.6, Tlose paccesinnsi, BOSHH
HEX (@) M OTpHHATessHHIX (6)  Kaioliee IPH BbIXOAe JOMEHHOA rpa-
J1. HHIB Ha MOBEPXHOCTh NJEHKH.

Ipexie Bcero ompexennM BHA Toas paccesnus (1.9)
B6iu3n gomennoit rpamuub (JT), pasmensiomed asa xo-
MeHa B IIaCTHHe TOJIUUHON A Ha puc. 1.6. B6ausn nosepx-
HocTell TMJacTHHBl 2=-h/2 B 06/1aCTH, HENOCPEACTBEHHO
JIOKAJM30BAHHON BOJM3H IJOCKOCTH JOMEHHON TIDaHHMIBLI
(x02), cyuiecTByeT moOAe paccesiHHs, NePNEHAUKYNAPHOE
MJIOCKOCTH TI'PaHHIBL H]JH pacuere MAarHHTOCTaTHYeCKOro
nonst B cootBercTBuH ¢ (1.9) M B MPELNONOKEHHH HYJIEBOH
TOJIIIHHBI I'PAaHHLB noJsiyyaemMm TOJIBKO OJAHY COCTaBJAIILYIO

Hy Buna
H,(y=0, z):—%{ In

—h/2 2 2;
2 ’l/‘ Z MA 2. (149)

z+h/2

Us (1.49) crenyer, uto B eHTpe miaactunsl Hy oGpa-
maercs B Hyab, a BOJM3U MoBepxHOcTel Hy(z=zh/2)—
—>-+oo [mose (1.49) cTpeMuTcs BLIBECTH BEKTOp HaMarHH-
wenHocTH u3 miockoctd BIT].

Ouennm H3MeHenne cTpykryps npocroit BAT (1.35) noa nefcrei-
em nons H, [22, 23]. Ecan nracteHa OTHOCHTENBHO TOJCTas, h>08
[68 — romuusa BT B cooTBercTBRH C (1.35)], To B nepBOoM mpH-
GUIHKeHHE MOXKHO TpeHeGpeus coctapasiomed oomennoi swepran (1.3),
TaK KaK OHa NpONOPUHOHaNbHA Mol peanwnse §%h—%. Hamnume opso-
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[image: image14.jpg]OCHOA aHH3OTPONHH He XaeT COCTABJAIONIeA SHEPruH, NMOcKombky (1.6)
BoOGIle He 3aBHCHT OT yrma ¢. Takim 06pasoM, B NepBOM PHOJHKe-
HHH pacnpejieieHye A}:(z) onpesensieTcs: GanaHcoM JBYX SHEpruit:
Maruutocratrieckoit (1.17), xoropast muHEMambua npu ¢=0, H sHEprHH
B3anmozeficteia M ¢ momem (1.49), KoTOpOe, HAO6OPOT, CTPEMHUTCS Bbi-
BecTH M u3 mitockoctr x02z W MHHEMYM KOTOPO{ JocTHraeTcst mpH (=0,

Ias moMyueHHst IJIOTHOCTH SHEPTHH JOMEHHOH IpaHHupl B pac-
CMaTpHBAeMOM clyyae MOACTAaBMM B obliee Bupaxenue (1.26) suaue-
Hue monsApHoro yraa 6(y) (1.35) u mnpommrerpupyem (1.26) mo .
Hobasounast mo cpasHenHO ¢ (1.38) mIOTHOCTH NOBEPXHOCTHOM 3Hep-
THH HMEET BHI:

o 2
Ao = 248, (o%) + o Mg sin? 9 — mp, MH), (2) 8 sing, (1.50)

TJe NepBbli WIeH CHpasa MPeACTaBJsET cOOOf COCTABASAIONLYI0 OT SHep-
THH OGMEHHOTO B3aHMOIEMCTBHA, BTODOH — OT MArHHTOCTATHYECKON
SHEPTHH, TPETHH — OT 3HeprHu moast paccestHHs (1.49).

Ecan npeneGpeus 0GMeHHOA COCTaBASIOWENl B IVIOTHOCTH TOBEPX-
HOCTHOH 3Heprud, T0 MumuMyM (1.50) mxocTHraeTcs mpH YCHOBHAX:

sin ¢ (2) = —5~ H, (2)/ M; |Hy]<% M;

(1.51)

2

sing(2) ==+ 1; | Hy|>—M;
npuyem |Hy|=2M/n nmeer Mecro mpu 21,2—+0,3808% (th 1=0,7616).
Ha puc. 1.7, n 6 u306paxeHO H3MeHeHHe a3sHMYTANLHOTO yraa @(2)
B coorserctBHH ¢ (1.51), mpoHcxonsmee mox Refictsuem moas (1.49).
Kpupas ABODC sBisieTcsi KDHBO, OMpeiessiOmedl CKPYYeHHYIO rpa-
HHLY.

Hapsagy c stum mmeercs eme GeckomeuHEt HaGOp SHepreTHueckH
SKBHBaJIeHTHHX pewenufi ypasuenus (1.51). OxHo u3 nux npu |Hy|<
<2M/m MoXHO ompeneanTh ClefyioWEM oGpasoM: @(—h/2)=3m/2,

#(2)
30
2
- ren
7
£ 4 /s
AdE
b 7 % |njz
-n/2
IR L.
/ S~ |
~ 2
Z ! 5)

Puc. 1.7. Jla SHepreTHYeckH SKBHBAJEHTHHX DACHpEfeNeHHS HAMATCHH-
HeHHOCTH B rpaHnue (a) u I'BJI B Touke 2; (6).
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@(0)==x, ¢(h/2)=mn/2. Emy coorserctyer kpusas CDO,B)A; na
puc. 1.7. dto pewenne orimyaercss or ABDC na yron m mpu z=0.

Toacrasasis (1.51) B (1.26) u HHTerpHpys NO 2, MOXKHO NOJYYHTh
IIOTHOCTh 3HEPTHH CKPYYEHHOM TIPaHHIHl B IVIaCTHHE KOHEYHOH TOM-
wHHE [24]

sw=05V 1—4/q, (1.52)

rae Bo=0,692.

Takum 06pasoM, CKpyudBanHe BeNeT K YMEHBIIEHHWIO IJIOTHOCTH
TOBEPXHOCTHOA SHEPrHH IOMEHHON IpaHHIBl NO CpaBHeHWIO ¢ On. Tak,
ec =3, 10 0,=0,8805.

Qopmyna (1.52) cnpaBemnuBa Aas TOJCTHIX TWIEHOK, Y KOTOPHIX
h>8p. Cayuafi NpOM3BOJNBHHIX TOMUHH paccMoTpen B [24, 25].

Tlonyuennoe pewenne (1.51) sBasiercss NPHOJMIKEHHBIM, MOCKOJBKY
OHO He YuHTHIBaeT cocTaBisiomeit oGmenioi sweprun B (1.50). He-
raajKHe pelleHHst B TOMKaX 2=21,2 (puc. 1.7,6) oGycnoBjeHs mnpeHe-
GpexcenneM OGMeHHON 3Heprueli; yyeT NoCJeiHeld CraxuBaeT INOJMY-
ueHHble pemreHust [26].

Kak yxe ormeuanocs, (1.51) ompepensier GeckoHeuHmfi HaGop pe-
LiteHHH, SKBHBAJEHTHHX B 3HEPIEeTHUECKOM OTHONIEHHH H MOJYydalOMIHX-
Csl H3 OCHOBHOTO DelIeHHs CMellleHHeM ero Ha f. J{Ba TaKHX pelleHus,
OT/HUAIOIHAXCH HA I, ONPEZeAIOT jJBAa BO3MOXHLIX HANpaBJIeHUA H3-
MeHeHMs yria @(z) B rpaHume mox Aeiicrsuem mons (1.49).

Tlepexox OT paclpefiesieHHst @ K (-7t MOXET NPOHCXOAHTb NyTeMm
o6pa3oBaHusl rOPH3OHTaJbHOM GaoxoBckoit juuuu (I'BJI), m3oGpaken-
HOH Ha puc. 1.7,6 [22]. TopusonranbHas GIOXOBCKAs JHHHS JIOKAJH-
30BaHa B IVIOCKOCTH JOMEHHOH IDAHHIEI H DacIOJOXeHa BAOML OCH X
npH z=21.

Ilepememente I'BJI mo TomuuHe NAaCTHHH oGecneuHBaeT Nepexox
OT pachpeje]eHHs] HaMaTHHYCHHOCTH B TPaHHIe, XapaKTePH3YeMOro

(0), x pacmpejesneHHI0, XapaxTe-
;?HayeMoMy @(0)+n [27].

BnoxoBckasi Touka z M]/
Tpu  paccMOTpeHHH CTaTHYe- /'
CKHX W JIMHAMHYCCKHX IIOIECCOB | n
B LIMJI-ycTpoiicTBAaX HCIOJMB3YeTCS 2A \ |
mouaTHe  Gioxosckux Ttouex (BT) o~ |
Pz
[28, 29]. " H pREE
Ha puc. 1.8 npusenena Kom¢u- 21 g7 J Ve
rypamusi HaMarHHYEHHOCTH, COOTBET- ~ 1—;5T —
creyomas BT. B o6mumoir BT S v=Ar *M
ABa JOMEHA pa3fiesieHsl 10 OCH Y M 7| 7/—- z
TpaHHlell wmpHHOK 3p. B TOuKe ® I/ Yyl Z
x=0 crpoum BBJI TommuHOH A )
[em. (1.43)] ¢ rpanmuHBIMH ycJO- 7 g\ e
BHSIMH B COOTBETCTBHH ¢ (1.46). T/ ®7/
IlpencraBuM Takxke, uTo BOIH- 7 A 54T
31 z=0 B IIOCKOCTH JOMEHHO# rpa- -
HHIB NapajeibHO OCH MPOXOXHT 205

TBJI, koTopasi COOTBETCTBYeT IO

BOPOTY Ha yroa s BekTopa M

MEXIYy 3HepreTHYeCKH 3KBHBAJIEHT-

HBIMH pacrpenesenusMH @(2) [cM. Puc. 1.8, BroxoBckas Touka
(1.51)f (BT).
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[image: image15.jpg]O6nacts B6musn t=0 nocur Hassanne BT. ITepememenne BT mo
BBJI obyciosnuBaer cveny sHaka BBJI. Ecam wokpyr BT nposect
OKPYRHOCTh MaJOr0 pajHyca, TO Ha Hell MOXHO HaHTH BCe Hampas-
JIeHUs BeKTOpa HaMarHuueHroctH. 3aBucumocts M(r) B BT ne anser-
¢Sl aHaJHTHUecKOH: 3HaueHHe M(r==0) 3aBHCHT OT NyTH B KOOpPAHHAT-
HOM NpOCTPAHCTBE, N0 KOTOPOMY OCYLIECTB/IAETCS MPEIeNbHb Nepexos
k 0.

Onepruss BT B obueM caytae MOXeT GHTh BBIYHC/EHA JIHIIb YHC-
JIEHHHIMH MeTOJaMH. B u4acTHOM c/ydae, KOria B MaTepHaje BeIHK
dakrop xavectsa ¢ [em. (L18)], a @=o(x, 2), 0=0(y, V 7122),
B [28] Owuto momyuexo

Egp = 254 VAq (ng+e) (1.53)

rae A — KoHcranTa o6MeHa; A — moaymupuna BBJI (1.43); ¢ — uncao-
Basi KOHCTAHTA.

Ecau paccMatpuBaTh KoMeHiyio rpaduny B HM[l-nuacrtuse THna
n3obpaxenHoli Ha puc. 1.6, To mose paccesnus (1.49) cnocoGersyer
obpasosannio I'BJI B BBJI, obpasyomux BT, nokasannyio Ha puc. 1.8.
Broxosckas To4ka Jokaiuayercss B BJIT nocepenune NJacTHHH INpH
2=0. BuewHue noast casuraior BT u3 3Toro ycro#uMBOro COCTOSHHS,
ocyllecTBIsAA CMeHy 3Haka BBJI.

VYroa, Ha KOTODHI NOBOpauHBaeTcsi BekTop M IpH ABHXKEHHH IO
nepUMeTpy HOMeHa, MPH HaiWuhH BT 3aHCHT OT KOOpAMHATH 2 Q=
=@(2). daa BBJI aToT yron He 3aBHCesN OT 2 H PaBHAJCA B eAMHHIAX
27, S==1/2. Tlpu Hammuun BT nMeem cooTHOlIeHHE

h
1 " 1
“—2—<S=h“655(2)42<7, (1.54)

rae S(2) — yron moBopoTa BeKTOpa HaMarHWYeHHOCTH M, H3MepeHHHl
B eNMHHIAX 2.

D710 COOTHOUIEHHe GYAET HCIO/MBb30BAHO B JaJbHeflleM INpH HHTEp-
[peTalun AHHAMHYECKHX OCOGeHHOCTedl TNOBEeJeHHS MarHHTOMKECTKHX

Bepmxa.'lbﬂue GJIOXOBCKHE JIMHUH OJHOIO 3HAKa OTTaJKHBAITCA
B cuny oGMenHoro BpaauMopmefictus. CMeHa sHaka onmol u3 BBJI
BC/IeACTBHe nepeMemtendss BT moxer ofecneyuTs mpouecc aHHHTHAAUHH
BBJI. Taxum o6pasom, mepememenne BT npueognt k cmene sHaka BBJI
H H3MEHEHHIO CTPYKTYPHl AOMEHHBIX IpaHHI.

1.3. JJOMEHHbIE CTPYKTYPLI B LLMAI-MANACTHHE
(LLMA-TIEHKE)

Ilanee Gyayr BHISICHEHB ycaoBHSI cymlectBoBarns LIMJL
[30] u ApyrHX MarHWTHEIX CTPYKTYp, HaGJ/I0Aal0MHXCH.
B MAarHHTOOMHOOCHBIX MIJIOCKOMapaJJeJbHBIX IIJIACTHHAX
¢ GosbluM sHaueHueM g-dakropa (1.18).

28

8) Cratmueckue cBolicTBa HOpmanbHbix LIMJL

ITog, HOpMaNbHHIMH MOHMMAIOTCS LU/JAMHAPUYECKHE Mar-
HHTHBIE JIOMEHbI, PPaHHLlAa KOTOPHIX He coiepxut BBJI.

Bymem npeamosarath, 4to IVIACTHHA He OrpaHHYeHa
B mockoctd x0y. PH3HUECKH 3TO O3HAYAET, YTO pagUyC
JIOMeHa MHOTO MeHbllle Pa3MepOB IIaCTHHBI B INIOCKOCTH, H
NOMeH HaXOJMTCS JaJeKo OT KpaeB ILIACTHHBL YCJOBHS
cymectsoBanus IIM/] B miacTHHe KOHEYHBIX Pa3MepPOB MO-
TyT CyLIECTBEHHO OTJIHYATLCS OT YCJOBHH HX CYLIECTBOBA-
HUA B Ge3rpaHuyHON miactuxe [31, 32].

B Geckoneuno#t naactuHe LIMJL cywiecTByer ycTOHYHBO,
ec/IH K IJIAaCTHHE TPHJIOXKEHO MOCTOSHHOE BHEIHee MarHMT-
Hoe moJse H, opHeHTHPOBAaHHOe IPOTHBONOJIOKHO Halpas-
JIeHHI0 HaMaruudeHHoctd B LIMJI. 1o moJse HasbiBaeTcs
10/IeM HOJAMArHHYHBAHUA HJIH HOJIEM CMEILEeHHUS.

Bapbupysi Be/IHUMHY NOJS CMEIIEHHS, MOXKHO H3MEHHTb
paguyc LUIMJI, noGutbcsi ynuuroxkenus LIMJL (kosnamcu-
poBaHusi), a Takxe 3acTaButh LIM/I nperepners 3/IHNTH-
HecKylo fAedopMauHMio ¢ IOCJAEAYIOIHM IIepPeX0J0M €ero
B I0JIOCOBOH JOMEH HeNpPaBHJIbHOH (POPMHL.

OcnosubiM BonpocoM cratukd LIMJL sBasiercst onpeje-
JeHHe ypaBHeHHs cocrosgHua LM/ u oGaactu ycTOHYHBO-
cri 1M/l B 3aBHCHMOCTH OT IapaMeTpPOB Marepuana H
BHEIIHHX (aKTOPOB.

Bynem Bwumciare suepruio LML B BapualuOHHOM
NPUOMHKeHHH KaK QYHKIHIO 06001IeHHOH KOOPAHHATHL I —
pajguyca [OMeHa, a 3aTeM MHHHMH3HPOBATb €€ IO 3TOMY
napamerpy [30].

Bynem npeanonarate, 4T0 AOMeHHas rpaHuna obiaajaer
MOBEPXHOCTHOH IIOTHOCTBIO 3HEPTHH Oy, H IpeHeGpexeM
ee TOJILIMHOM, YTO CNPaBelJHBO NPH BHIIOJHEHHH HepaBeH-
cTBa

r>8=AV7, (1.55)

rae r— paguyce M.

B pomenax MaabiX pajauycoB TOJUIMHA JOMeHHOH rpa-
HHUIBI MOXET CPaBHHTbCA ¢ pajguycoM. CBOMCTBa TaKHX
JIOMEHOB JOJIKHBI H3yuaTbCs IO KpaHHed Mepe B paMKax
JAByXnapaMeTpHueckod (r H O) BapHAIlHOHHOH MOJeNH
[33, 34].

TouHOCTh BapHALlHOHHOH MOJENH MOXKeT OBITh OleHeHa,
HanpuMep, INyTeM CPaBHEHHS pe3y/bTaTOB, MOJyYaeMHX
B €e paMKax, C pe3yJbTaTaMH UMCJEHHHX PacueroB, OCHO-
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[image: image16.jpg]BAHHLIX HA TIPAMOM DeWeHHH ypaBHeHuH (1.22). Taxkue
pacyersl (OHH HEMHOIOYHCJeHE! [35, 36], TIOCKOJILKY naxe
IpH yIPOINAKIIHX NPENNOJIONKEHHSX TPe6YIOT TpPynoeMKoro
BLIYHCTIERHA Ha DBM) noarsepxpaior TNPHMEHUMOCTD AJIS
cayyast r>08 BapHaUHOHHOMN MoJenH, 3aBHCSLIEH OT OZHOTO
napaMerpa r.
Inepeus IMJ

Kak yxe ormeuanocs B § 1.1, nonnas SHeprus ¢eppo-
MarHeTHKa HMeer TpH COCTaBJAIOLIHE: HOBerHOCTHle
SHEPIHIO NOMEHHOH rpanuubl E,; SHEPTHIO BO BHEIIHeM
MarsuTHoM mone Eg; MarHHTOCTaTHYECKYIO SHepruio Fye.

Mosepxnocthas SHEPrus rpanuns IIM]]
Ev=20h0r, (1.56)
rue Ow — IIJIOTHOCTH TIOBEPXHOCTHOH SHEPruH HOMEHHOH rpa-
HHIIBL.

B teopun LIMJ wacro TOJIb3YIOTCS BMECTO Oy Mapa-
MeTpoM
l=0u/1M2, (1.57)
Ha3bIBACMBIM XaPAKTEPHCTHUECKOH MJIHHON MarepuaJa.

Sneprust LIMJI, orcunrannas OT 3SHEPTHH OJHOPOAHO
HaMarHu4YeHHOH H.}IECTHHBI, ONHCHhIBAETCS BbIpaXKeHHEM
Eu=2p,MHnr?h. (1.58)

I[Ipusenem anech Ges BbIBOZIA, KOTODEI HMEETCH, HalpH-
Mep, B [37], o6mee BHpaxenne mis MarHHTOCTATHYECKOH
SHEPIHH CKBO3HOTO JOMEHA MPOH3BOJIBHOI (dopMEl B Hamar-
HHUUEHHOH NepmeHAUKYJIspHO TIOBEPXHOCTSAM IIOCKOMApPaJ-
JIeJTbHOH OJHOOCHOH IJIaCTHHE KOHEYHBIX paamepoB:
Emc="_Mo'2M2U[Np(r)—Nv]» (1-59)
rae No(r) u No— ycpennennbe mo 06beMy 0MeHa v pas-
MarnuunBaoumye paxropst (1.10) no ocu z cooTBercTBeRHO
AN TTACTHHE! KOHEYHOH (OPMHI H ZOMeHa:

N, (=0 J'dr,N,,(r~ r)=

d?
=—vto \dr,{dr,Jr—r,—r 1~ (1.60)
02 2 1 1 2
gl
_— 02
Ny=—v-|dr, dr o |r—r,|- (1.61)
Jor o

3asucumocts (1.60) u (1.61) or r ykaswBaer Ha 3aBu-
CHMOCTBH MAarHHTOCTATHYECKOH SHEPrHH OT IOJIOXKEHHS A0~
MEHA B IVIaCTHHE KOHEUHHIX PasMepoB.
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[icain 1OMeH HaXOAHTCS HAJEKO OT KPaeB IIACTHHBI, TO
corstacHo (1.10) ,
Rp(r)=N,=1. (1.62)

PaamarauuuBaomuit dakrop pis LIMJL B cooTBeTCTBHH
¢ (1.61) paBen:

Ny 1+ 2 [ — k7 (1 — B)R (B) (2" — DE (R,
(1.63)

rae

e—dV 1+ & d=2/h (1.64)
E (k) u K(k) — nosiHble 3/IMNITHYECKHE HHTErPaJbl MepBOro

H Broporo poxos [cm. (1.12)]. L,
x’“gI‘HHT%CTaTH‘leCKaﬂ sueprusi LIMJ o6veMom v=mnr?h,

BblgHcaeHHas o (1.59),
a
oy, (@)= — p M1 | F(x)dx=
Eyoe=— 2 - 2sM] @) =—p, j )
= mp M Bii'{l — B [d?K (k) (1 —d-*)E(R)]}, (1.65)

rae k2= (14a-2)-.

H
W E z 4> Hy
n2
Yemodvugoe H="Hy
0,8 pewenue 2 "
4 d=dfn
a
A
0.4 4 dy
H<Hy
4 8§ 12 A g
4 a) )
Puc. 1.9. 3aBucumocTs cuioBoi dynxuun F (1.66) (a) [mposomarest
rpadHueckoe pelleHHe ypaBHEHHs (1.72), onpemenstomero JAHaMeTp

a
MI] u nosnoi sweprun LIMJ ot GespasmepHoro nuamerpa (6).
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[image: image17.jpg]Oyuxkuua F(d) HoCHT HasBaHHe CHIOBOW (YHKUHH H
HMeeT BHJ:

F(d) =%E’ [Vl —d- E((l 4y ;—)— 1]. (1.66)

" ?Z]H)KILHH I w F nporaGynupoBaHH (cM. HampuMep,

Ha puc. 1.9,a nan rpaduk F(&). ®yuxuus F(&) mnoso-
JKHTeNbHA M MOHOTOHHO Boapacraer: F(d—-0)—d, F(d—
—-o00)—>In |4d|. [nst MPOCTHIX KOJIMYECTBEHHBIX ONEHOK BHI-
paxenue (1.66) cmoxno. B [38] mas cuosoit dyHkuumu
?H}IO[IIIPIE;IJIO}KQHO NPOCTOE HHTEPIOJSLUHOHHOE BBIDaxKeHHe
cM. [14

7

F=
1+—i—3

. (1.67)

®opwmyna (1.67) cupaBessuBa ¢ TOUHOCTHIO 70 HECKOJIb-
KHX TIPOLEHTOB B o6sactn 0<<a<<5.

BosBpamasich K OGCYXKIEHHIO BLIPAXKEHHS AJISl TOJHOR
sneprun LIMJT

E=Ey+En+Exc, (1.68)

3aMeTHM, 4to npn #<K1 ocuosHoii Bkaax B (1.68) naer
SHEeprust JoMeHHOH rpanunsl [cM. (1.56)], uMmetomias moso-
JKHTeNbHBIH 3HaK. JleficTBHTe/IbHO, KaK TIOKA3biBaeT OlEHKa
cnaraeMblx B (1.68), E,~d, torna kak Eg u Eyc mponop-
LHOHANBHH JHIIb d2. B cuay atoro IIMJL npn Maneix aua-
MeTpax pamuanbHo HeycroiuuB. Ero pamuyc nosken mpe-
BOCXOZHMTb HEKOTOPOe KPHTHUECKOe 3HaueHHe ro, HasHBae-
Moe pafiycoM KOJIJIaNCHPOBAHHS H ONpejenseMoe NapaMer-
pamu Marepuana. [Ipu aTOM cocTaB/IsIOMAs MarHHTOCTAaTH-
4ecKOH SHepPrHH CTAHOBHTCS NOCTATOYHOM /IS BO3HHKHOBe-
nust ycrofiunBoro IIMJI. Tlone H mnanmaer ¢ pocToM r;
panuycy KOJUIAaNCHPOBAHHUS ro OTBEYAET MAKCHMAJIbHO BO3-
MOXKHO€ MoJIe KoJlnancupoBanus Ho.

Ipu Gonbwux pamuycax IIMJI OueHKH SHEprHH, MpoBe-
JIeHHBle Ha OCHOBAaHMM TpelenbHEIX 3Havennit (1.66), mo-
KaskIBaloT, UT0 Eye ~ @ In &, Torna xak E, MpONOPLHOHAIb-
HO Bcero Juib d. Kasanoch 6B, 4TO B JOCTATOYHO caaGBIX
nonsix cmemenns H Bcerja MOMKHO ZOGHTHCH YCTOHYHMBHIX
LIMII Gosbmoro paxuyca. PakTuueckH 3TO He TakK: AJs
pewennss Bonpoca 06 YCTORYHBOCTH JNOMeHA NDaBHABHOR
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KpYroso#i GopMbl ciiefiyeT 0GPaTHTLCSI K PACCMOTPEHHIO Jie-
¢dopmaunit LIM]I, weyurennnix B (1.68). Bosmoxuble 3Ha-
uennss pajguyca LIMJ] OKasHIBalOTCSl OrPaHHYEHHBIMH CBep-
Xy 3HaYeHHeM DPajJinyca SJUTHITHYECKOH HeyCTOHYMBOCTH rg,
a BO3MOXKHBIE 3HAUeHHs IO/ CMEIEHHS] CHHU3Y — 3Haue-
HHEM I0JIs1 3JUIMNITHYECKOH HeycToHuHBoCcTH Ho.

Ipadux dynkuun nosHo#i sueprum [cMm. (1.68)] xaue-
CTBEHHO H300paxkeH Ha puc. 1.9,6 — kpusas OCAB. Munu-
MaJbHOe 3HayeHHe HEPTHH JOCTHraercsl MpH d=da, U eMy
OTBeyaeT 3HaYeHHe NOJA CMellleHHs H, COOTBeTCTByOlLee
ycroituusomy cocrosunio UM (@<<d,). Tlo Mepe yBenu-
YeHHSI TOJS CMEUIeHHs MOJOXKEHHe MHHMMyMa CIBHraercs
BJIEBO B CTOPOHY yMeHblIeHHs auamerpoB LIMJI, a snaue-
HHe MHHHMyMa SHepruu noBbimaercs. [Ipy H=H, 3naue-
nue suepruu IIMJI cTaHOBHTCS PaBHBIM HYJIO, T. €. SHEp-
reTHYeCKoe COCTOSHHE IIacTHHEI, orBeyaiomee LIMJI nua-
MeTpoM d==dy, COOTBETCTBYET SHEPreTHYECKOMY COCTOSHHIO
TIOJTHOCTBIO HACHILEHHOH mjacTuHbl 6e3 LIMII (d==0).
Onnako IIMJI npomoJkaeT CyLIeCTBOBATb, MOCKOJIBKY OH
OT/Je/IeH OT HACHIIEHHOTo cocTosiHnst (@=0) NoTeHUHaTb-
HBEIM GapbepoM, PaBHEIM 3HAYEHHIO 3Hepruu B Touke C.

JlanpHefimee MOBHILIEHHe TOJsS CMELIEHHsS 1eJaeT SHep-
ruio IIMJI nomoxurensso#t, nuamerp LIMJII npomomkaer
YMeHbIIAThCS, 3HAaueHHe TOTEHL A bHOTO Gapbepa, OThe-
asontero IIMJI oT HaCHIIEHHOTO COCTOSIHHSA, TaK¥XKe yMeHb-
waercs. B atoft o6mactu LIM]I meractaGuseH, yc/aI0BHs ero
YCTORYHBOCTH YXYAINAIOTCS.

Haxonen, npu snauenun noass H=H, u pauuyce r=r,
NOTEeHIHANbHBIH Gapbep Hcuesaer (Ha KPHBOH 3HeprHyu mo-
siBasteTcst Toyka neperu6a) u LIM]II konnancupyer.
Ypasnenus pasuosecus LIMJT

Huamerp IIMJI, orBevalomuit yCTOHYHBOMY COCTOSIHHIO
da uHa puc. 1.9,6, MoxeT ObITb ONpejelieH H3 YCJIOBHSA

0E
2, (1.69)

rae E onpeneasiercst u3 (1.68). B pesynbraTte auddepen-
uuposanus (1.68) mmeem:

MFH-H-M-L=0, (1.70)
d

rne F(d) — cunosas dpynkuust [em. (1.66)].
Tepssiit unen Beipaxkenust (1.70) cieBa onpejensieT Io-
ne paccesinusl, aeficryioniee Ha rpanuny LIMIL u crpems-
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[image: image18.jpg]meecst pacmuputs IIM]I. JIBa caexyiomux caaracmblx aefi-
CTBYIOT B HanpasJ/ienuu cxatus LIM]I.

Brons Gespasmepuble nuamerp LIMJII @, xapakrepucti-
YecKylo IjuHY ! ¥ BHelHee noje A

d=2r/h, T=1/n, H=HIM, (1.71)
sanuureM ypasrenue (1.70) B caepyomeM Buze:
dH1—F @)=0. (1.72)

Hs (1.72) BunHo, uTo 3HaueHHe Ge3Pa3MEPHOrO AHAMET-
pa ycrofiunoro IIMJI npu 3amanHomM mnoae cMemenus A
Onpe/essercss TONbKO ONHHM NapaMeTPOM, XapaKTepH3ylo-
LIKM CBOHCTBA MJIACTHHEL, — Ge3pa3MepHON XapaKTepHCTH-
4eckol MMHHOM [=0y/ (AueM?). D1OT Ke mapamerp ompene-
JIsleT npefiesibHble 3HaueHus AuaMerpa LIMII d,<d<dy u
COOTBETCTBYIOlME UM Ge3pasMepHble 3HaueHHst noaeli Hp<
<H<H,.

Ypasuenne (1.72) MoxHO pewnts rpaduueckd (pHc.
1.9,a). Pemenne d¢ clenyer oTGPOCHTD, MOCKONBbKY OHO OT-
BeyaerT MakcUMyMmy 3Hepruu (touka C Ha puc. 1.9,6). ®u-
3HYECKH MPHEMJIEMO TOJBKO pellleHHe d4, OTBeyalollee MH-
HHMYMY SHepTHH.

Paduanrsras ycroduusocro LIM/]

Panuyc u mose KoJsanca onpefessioTcsi CJAHSIHHEM ABYX
PacCMOTPEHHBIX Bhille pellenHii ypasuenus (1.72); npsamas
CE na puc. 1.9,a CTaHOBHTCAIIPH 3TOM KacaTeJbHOH K KPH-
BO# cu1oBoH (ynkunn F(&). Jlna aHaJIHTHYECKOTO ompene-
JeHust do U Ay HCTIOAb3yeM YCI0BHE

?):ﬁ —o. (1.78)

[Moncrasus B (1.73) E, onpenenennyto no (1.68), momy-
YUM:

I s, (@ =0, (1.74)
rae
S, —F(d— aF @), (1.75)

So(d) -~ hynkunst pannanbHoil ycroiumBoctn (pue. 1.10).

I'paduueckoe pemenne (1.74) usoGpaxeno Ha puc. 1.10.
TMpuGamxeinoe pelieHHe MOXHO IOCTPOHTb C TOMOLIBIO
(1.67).

34

MMoxcranoska AHaMetpa &, HaiizeHHOro u3 (1.74),

(L. ) 28
B (1.72 onpenensier Ges PasMepHoe moJie KoJstancuposa

Hans yeroitunocrn IHaMeT i
Pa, HaillenHoro no (1.72)
Tpebyercs, utobe 02E/0d2=0. D 0.
ot i [0d* = TO oGecneunBaercst ycio-

C pocrom xapakrepucruuecko IUIHHBL [ pannyce Komnam-

’ g
€a, KaK BHJHO U3 puc. 1.10 ACTET; MoJIe KOJJIancCHPOBa:
p p 3 [CHDOBaHHUSA

Puc. 1.10. ®ynkunn pagnamsuoi

So (1.75) u" smmunruveckoi S,

(1.79) ycrodiunsocry, Tposoant- %8
Cf_rpaguyecKoe peltenne coot-
BETCTBYIOUIHX YDABHEHHH yCTOM-
urBoctH (1.74) u  (1.80). O6- 4
J1aCTh  YCTOHUMBEIX AHAMETpOB 4
oGo3NaueHa crpesKamu,

/4

.S/croduu?ocrb UM ornocureasno deopmayuu
Kpyaosoti hopmer

ITo mepe ymenbienus mons cMellennst A paguyc yeroi-
unBoro LIM]I corsacuo (1.72) pacrer. Oauako poct gua-
METPa HE MONKET MPOLO/IKATHCS Ge3rpaHHuHO: npH mocra-
TO4HO Gosbunx d LIMJII moxer pacnacTbcs Ha JOMEHBL.
Hanee orpannuumcs PaccMoTpeHHeM JUIIL HAYaJbHOM cTa-
AHN passutus fedpopmannn IIM/JI. B CHJIY 5TOTO IIApaMeTphl
Xapaxrepusyloune 1epopMaunn Kpyrosoro MU, ﬁyneM,
CUHTaTh ManbiMH. Tepopmauuio LIMJI moxmo IpPEeACTaBUTh
pasuioxennoii B pag ®ypre no Kosbduunenram cos (mB4-

+Bn):
r®)=r+ 3} Arpcos [mp4-g,], (1.76)
m=2

tAe B —nonspHbl yrom B maockoctH LIMI-naactunst
(x0y), orcunteiBaemblii ot Hauana KOODJIHHAT, IOMeLleHHOro
B uentp LUMT; B, — kosddumuenter, OnpesessiioulHe OpH-
€HTALHIO HCKAXKEHHUSI B TJIOCKOCTH MJIACTHHBI.
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[image: image19.jpg]Kosddunuent, nponopunonanbusii m=1, B naacrume
GeCKOHEUHEIX Da3MepoB He faeT BKJala B COCTABJSIOUIYIO
IHEPrHH, BHOCHMyIlo nepopmauneit IIMI. Ero moxHO He
yunTHIBaTh B (1.76), MOCKOMbKY OH ONHCBIBAET TPHBHATBLHOE
cMmeteHne LIM/] B NJI0CKOCTH MJIACTHHBL. Aueprus ke LIM]]
B MJIacTHHe GECKOHEYHBIX Pa3MEpPOB He 3aBHCHT OT TOTO,
B KaKOM MeCTe NJIACTHHbI HaXOMHTCS JIOMEH.

Kaxk noxaswiBaior neranbheie pacuetst [30], ocHosHyiO
pOJIb UTPAET rapMOHHKA m=—2, OTBEYAIOLLAS SJJIHITHYECKOH
nepopmanun LIMJI. MMeHHO OHA ompegensier MaKCHMaib-
Hbld auamerp @2 LIM]I H MHHHMaJdbHOE MOJIE CMELLCHHS H,.

[Monpaskn x suepruu LM [cm. (1.68)] 3a cuer Arp
NPONOPUHOHANBHEL (Arp)2. DTO 03HAUAET, YTO 3HEPTHS CH-
CreMbl He 3aBHCHT OT TOrO, KaK ODHEHTHPOBAaHa GOJbluas
OCb 3JUIHNCA B MJIOCKOCTH MJIACTHHB (B JajbHelileM Bp=
=0), u, B yaCTHOCTH, OHa NO/KHA GbITh HHBADHAHTHOH OT-
HOCHTEJILHO 3aMeHBl Arg Ha —Ars.

OrpannynBasich JHIIb SJITHITHYCCKAMH AedOPMAaIHIMH
UM, 7. e. ciysaem m=2 B (1.68), noayyaem npupamenne
sueprun [30]:

2
BB, =2 0, (8r)) | phMH (87, + E,,. (1.77)

Huepabuﬁ YJIEH CNpaBa ONMHCHIBAET yBeJHYeHHe IIOBEPXHO-
CTHOU 3HEPrHu JIOMEHHOH TPaHHUBl NPH €€ 3JJIHITHYECKOM
HCKaXeHHH, BTOpOﬁ — YBE&JIHUYE€HHEe 3HEePIHH, CBsI3aHHOeE C I10-
JIeM CMeI[eHH,; Ezmn — MAarHuTocTaTHyeckas SHeprus, 3aBH-
csuias ot Ary:

Epe— —’*}‘L [F @+, (d Jar, (1.78)

rae QyHKUMA SJUIMNTHYECKOH YCTOHYHBOCTH
Su00 = [1= (14 ) A+ EW/ T+
a7 G 87 (xR (Y T ) (L.79)
npuBenesa Ha puc. 1.10.

Hccnenosanue ycroitunsoctu (1.77), cBomsilieecst K Bbl-

nonuenno 02E/0 (Ary)220, B coueranun ¢ (1.72) IPHBOLHT
K HEpaBEHCTBY

71— S,d)=0. (1.80)
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M3 (1.80) ompenensiercsi gHaMeTp 3JJIHITHUECKOH Heyc-
TOMUHBOCTH dy. DTOT AHAMETpP Onpelelsercs TaK Ke, Kak
s (1.74) [em. (puc. 1.10)]. TMone sanmunrTHuecko Heyc-
TOHYMBOCTH ONpeJesisiercs MOJACTaHOBKON HaliIeHHOro pellle-
Hust dp B (1.72).

Orciona BHIHO, 4TO C yBeJHueHHeM Ge3pa3MepHOH xa-
PaKTepPHCTHYECKOH IJIMHBEI [ AHAaMeTp SJJIMIITHYUECKOH Heyc-
TOHYMBOCTH d pacTer.

CrieyeT OTMETHTb, UTO MOCKOJIbKY MAarHHTOCTaTHUeCKast
5Heprus (1.78) BbluMC/IeHa JHIIL C TOYHOCTBIO 10 (Arsg)?, TO
npHBe/leHHble QOPMYJIBI JAIOT TOJBKO BEJHUHHY dz, HO He
ONpe/leNIFI0T BENHUHHY SJUIMNITHYeCKOH Jedopmauun Ars.
3aMeTHM, 4TO HaJHuYHe OPTOPOMGHYECKOH aHH30TPONHH HIH
KaKo#-H60 APYroi MPHUHHLI, Aejaioulei miockoers LIMII-
MJIACTHHBl aHH3OTPOMHOH MO CBOMM CBOHCTBAM, NMPHBORHT
K Bhlpaxkenuio (1.76) Bo Bcem JAManma3oHe YCTOHYHBOCTH
LIMJI. Msmepenne smauntuunocts LIM]] no3soasier B aTom
cayyae OnpejensiTh, HanpHMep, KOHCTAHTY OPTOpPOMGHYe-
cKo# aHu3orponnu [14].

ITpednouturenvrote 3nauenus napamerpoe LIMI-naactumnoe
(naenxu)

Munumanerpiit quamerp IIMJL coBnagaer ¢ auameTpoM
KOJTancHPOBaHHsI, onpefensieMbiM u3 (1.75). Hduamerp dp
ABaseTcs (QYHKIUHeH XapaKTepUCTHYECKOH MJIHHBI MaTepHa-
naa [ u tonuiuHel naactuuel A. Mceaenosanue (1.75) moka-
3bIBaeT, YTO MHHHMaJbHOe 3HaueHHe dfl~4, npu stoM h=
~3,31

MuHIMaNBHBIA pafdyC 3JUIHNTHYECKOH HEYCTOHYHBOCTH
MOXKeT ObiTh aHaJoruyHo mosyueH u3 (1.80) u paBen d=
~121. TonuuHa MIACTHHBI NPH 3TOM h=~4,2!.

TakuM 06pa3oM, ONTHMAJIbHOE C TOYKH 3DEHHS MaKCH-
MaJIbHOH IVIOTHOCTH 3alHCH HH(OPMALUH 3HAYEHHe TOJILIH-
HBl MJIACTHHBL JIEXKHT B npexenax 3,3 [<h<4,2/[. 3navenus
noJiel CMellleHHs], OTBeualollie HaliIeHHOMY AHAMa30HY TOJ-
LIHH, MOTYT GBITh ONpesesieHsl ¢ nomolbio (1.72).

Jlns  npakTHYeCKHX ledell peKOMeHAyeTcs BHIGHpaTh
[30]

d=81, h=41, (1.81)

T. e. [=0,25, d»/dy=3, xorpa Ho/Hy~1,4, cpesuee nose cme-
wenus H=0,28 M.

DTHMH COOTHOLICHHSIMH CJIEAYET PYKOBOACTBOBATHCS MPH
BEIGOpPE ONTHMa/bHBIX B YKa3aHHOM BBILIE CMBIC/IE TOJUIUH
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[image: image20.jpg]LIM/I-matepHa/oB ¢ 3ajaHHOl XapaKTepPHCTHUECKOH AJIH-
HOIi !, ompefiesisieMOil U3 BblpaKeHust

V2 e,
Wil =y VAN, (1.82)

rae A —o6MeHHas KOHCTaHTa; ¢ — DAKTOp KauecTsa [cM.
(1.18)].

CiieyerT OTMETHTb, YTO B PENKO3EME/bHbIX OIHOOCHBIX
¢epporpanarax u  amopdHeIX  coeguHennax Gd—Co,
Gd—Fe snauenne [~1 MKM H MeHblue; B OoprodeppuTax [
PaBHO HECKOJIbKHM JIeCATKAM MHKDOH.

Coraacro (1.81) u (1.82) ymenbuenne guamerpa LIMJL
BO3MOXKHO B OCHOBHOM TOJIBKO 3a CUET YBeJUUEHHs Hamar-
HHUEHHOCTH M, Tak Kak [ Mallo4yBCTBHTENbHA K H3MeHe-
HEAM A 1 g, nockonbKy oun Bxomst B (1.82) mox 3smakom
paauKaina.

Boxee roro, ymenbmenne A nonnxkaer temneparypy Kio-
PH, YTO NPHBOAHUT K TeMIepaTypHOH HeycToiunBocta LIM/I-
MaTepHald. YMeHbUICHHE e ¢ YXyALlaeT yClOBHA YCTOH-
unBocTH LIMJL B nuiacTiHe, MOCKOJIbKY NPHBOAHT K yMEHb-
LICHHIO NOJISL OAHOOCHOH anusotpomuu [em. (1.7)].

6) Maruutoectkne LIMJ

Llununapuueckue MarHWTHble NOMEHBI, COLEpIKallHe
B IpaHuue BepTHKaJLHbie GJOXOBCKHE JIHHWH, Ha3blBalOT
MarHHTOXECTKHMH WJIH TIPOCTO KecTKHMH. IlonHast sHeprus
LM [cm. (1.68)] ne meHsiercsi, 3a HCKJIOYeHHEM BKJAaja
SHepruy JoMenHoil rpanuusl Ey [em. (1.56)]. Pacemorpum
Bausnue BBJI Ha cratuueckne cBoiictBa xkectkux LIM/I.

Oneprus ennHuuHoii BBJI Moker GHTb OLEHEHA HCXOAS
H3 QHAJOTHH ypaBHeHHH, ONpeNe/SIOUINX a3HMyTaJbHbIH
yron @ B BBJ1 |Bropoe ypasnenne B (1.45)], u ypasuennus
IJIsl TIOJIIPHOTO yriia O B GJIOXOBCKOH JHOMEHHOH IpaHHLe
(1.31), xoropoe ompejecisieT MOBEPXHOCTHYIO MJIOTHOCTh
sueprun op=4 )/ AK [em. (1.38)]. Ha stom myTH, ncmos-
3ys (1.42), monyuuM BbIpaiKeHHE AJIsi IOBEPXHOCTHOH MJIOT-
HOCTH 3HeprHH, cBf3aHHOH ¢ BBJI,

!t HaGmonaembili Ha mNpakTHKe O0TKas or pekoMenpauuit (1.81)
yalle BCEro CBA3aH C NPOGJEMOl INOBbIIEHHS YPOBHs BBIXOAHOTO CHI-
Hana B rajbBaHoOMardHTHbX AaTudkax LIM[I. C uesibio yBeauueHHs mo-
TOKa € NOBEPXHOCTH JOMeHa TOJUIHHY MaTepiana fi B CYLIECTBYIOUIHX
yerpolicrBax BuiGHpaloT paBHOi (8-—12)L
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(1.83)

Ecan B momennoit rpauune LIMJI comepxurca n ueB3au-
mofefictBytomux BBJI, To ux smeprus Epy; =~ 28hog.n.

Cpasuusast Egy; ¢ Ey, [em. (1.56)], momywaem Bripaxenue

E, %5 _n (1.84)

[E, = Vs

BBJT

KOTOpOe IoKaseiBaeT, yto Bkaax BBJI B cratHueckne cBO#-
crBa LIMJL HesHauHTeJeH NPH Manblx n, §p<r u ¢>1. 3a-
MeTHM, 3aGerast Bhepej, 4TO JJisi JHHAMHMUYECKHX CBOHCTB
LIMJI cyuiecTBeHHO HaMHuHe Jaxe HeGoabuoro uncaa BBJT
(eM. T 2).

TIpu sananuom uncae BBJI B rpannie paccTosHue Mex-
ny uumu onpepensiercs auamerpom LIMI. Uwueno BBJI
B rpanuue LIMJ] 10MKHO 06s13aTe/IbHO OBITh YETHBIM, UTO-
6Bl BEKTOD HAMarHHUEHHOCTH B FPaHHLle He Tepnes pasphl-
BOB M He BO3HHKAJla pPAacXOAHMOCTb OOGMEHHOI 3HEprHH.
BepTHKanbHble G/10XOBCKHE JIMHHH OJIHOTO 3HAKa YCTOHYH-
BB, B IPOTHBHOM CJIyyae IPH GOJIBLION IJIOTHOCTH OHH MO-
TyT aHHHTHJHPOBATS.

Cocrosiune rpanunsl LIMJI MOXKHO XapakTepH3oBaTh
YHCJIOM — HHAEKCOM T'DaHHIB!

S:Q—;éidq;, (1.85)

rie P — yroa MexJ1y HaMarHHYeHHOCTHIO B FDaHHMLE M He-
KOTODHIM MPOH3BOJBHLIM HaNpaB/ieHHeM B NJIOCKOCTH MJIeH-
ku (puc. 1.11,a). Jlna naocKoi rpaHMIEl aHAJOTHYHO ONpe-
pensiercs yncao L (puc. 1.11,6).

Benuunna S uaMmepsier uncao 060poToB M B MIOCKOCTH
MUIGHKH OTHOCHTE/bHO HOPMaJH X Heil mpu o6xoje Mo mepH-
merpy LIMJI npoTHB 4acoBoil CTPeNKH. YKaxKeM, UTO UHCJIO0
BBJI n cBs3aHO ¢ MHIEKCOM TPaHMLBl NPOCTHIM TONONOTH-
UECKHM COOTHOIICHHEM:

n=2(S—1). (1.86)

Ha puc. 1.11,6 npuBeneHo HeckKoibKo mpumepos LIM]I
¢ ManbIMH HHIEKCaMH FpaHHUB. BepTHKanbHble GJIOXOBCKHE
JIMHHH Pa3JIMYHbIX 3HAKOB KOMIIEHCHPYIOT APYr Apyra IpH
noxcuere S. 1o WIMOCTPHPYeTcs Ha pHuc. 1.11,8 cocTosHHSA-
mu rpadunsl IIMJ] S=1.
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[image: image21.jpg]Jlanee paccmorpum cayuait Gosbuoii miaotHoctd BBJI
B rpanune LIMI.
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Puc. 1.11. Liuuegpuyecknii MarHHTHBIA JOMeH ¢ HeGOJBLIMMH UHCAAME
BBJI, 0603HaueHHbIMH CTPEJKaMH.

YpaBHeHHe 15 asuMyTajbHOrO yraa ¢ (1.45), onpene-
nsoilee BKaag BBJI B noBepXHOCTHYIO 3HEPTHIO, OCTAeTCst
CNpaBeJVIHBBLIM, HO He YIOBJIETBOPSIET Telepb TPaHHYHBIM
ycnoBusim (1.46), U KOHCTAHTY HHTErPHPOBaHHS BO BTOPOM
u3 ypaBHeHuit (1.45) Henb3st mosaraTh PaBHOH HYJIO, T. €.
HMeeM:

dg \* :
(7;’_) = sintg4C. (1.87)

3HauyeHHe NPOH3BOAHOH ¢’ NPH GOJBIIHX IIOTHOCTSX
BBJI paBHo n/r>>1, u OHO onpesensieT KOHCTAHTY B NPaBo
yactH (1.87). Takum oGpas3om, npH GONBINOH NJOTHOCTH
BBJI pacnpenenenne ¢(x) MOXHO MPeACTaBHTh KaK

(¢")2=C=(n/r)2. (1.88)
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[loxcraBus (1.88) B (1.40), 3aHauenue nosasApHOro yriaa @
[em. (1.35)] ¢ ¢=0 u nHTerpupys no y, NOJyuHM BbIpawKe-
HHE /15 TJIOTHOCTH SHEPTHH JOMEHHOH IPaHHIbL:

o (N=AVAKFA(mjr) =0 l/1+(if"—)2- (1.89)

B onnoocneix pepporpanarax auamerp LIM/J] uyacro npH-
MepHO paBeH | MKM, TOJIIHHA JOMEHHOH PPaHMIbI IPHMEp-
HO paBHa 5-10-2 MKM, n03TOMy 3(®EeKThl, CBsi3aHHbIE
¢ BBJI, B craTHKe Gy1yT 3aMeTHbl NPH IJIOTHOCTSIX HOPSIA-
Ka 102, xorza mapameTp nop/r CPaBHHBAeTCH C eJIHMHHLEH.
B oprodeppuTax 3HaueHMe QHaMeTpa Ha MOPSIOK — 1Ba
BBIILIE, TAK YTO BausHHe xecTKocTn LIMJ] Ha craThry no-
MEHOB JIO/I’KHO HaGJIOAAThCS TOJNBKO NPH BecbMa GOJBLIHX
naorHocTsax BBJI.

3aMeTHM, uTO HaJH4He OPTOPOMGHYECKONH aHH3OTPONHH
B opTodeppuTax BhIIeNsIeT IPeHMyIeCTBEHHOE HalpaBbie-
HMEe HaMarHHYEHHOCTH B IUIOCKOCTH IIacTHHBL. Kapruna
pacnpefeNieHdss B I'paHHIE OTBEUAET NPH 3TOM COCTOSIHHIO
S=0 (puc. 1.11,2). Hanuune asyx BBJI npu Goabliom 3Ha-
yennn paamyca LIMJI He naer 3HauuTeNbHOTO BKJIaja
B sHepruio (1.89).

Paccmorpum ycnosust paBHoBecus xkectkoro LIMJL. ITo-
BepxHocTHasl sHeprust LIMJI mno-nmpexueMmy ompeiesercs
(1.56). OnHako B 5TOM BBIDAXKEHHH ClleflyeT HCIOJIb30BaTh
3HayeHHe o, B coorBeTcTBUH ¢ (1.89). Nuddepenunuposanne
no d BeIpaXkeHHst s moJHolt sHepruu (1.68) npuBomut
K BBIPaXKEHHIO, aHaJorHYHOMY (1.72):

7@d+dl —F@d=0, (1.90)

rje, OfHAaKO, XapaKTepHCTHUeCKas IQJIHHA Telepb SIBJASETCS
¢dynkuneii quamerpa [39—41]
()= ———, (1.91)
Vit ey
npuueM a=2ndp/h, u Geapasmepubie Beauunusl [, A u &
onpenenensl (1.71).

3amerum, uto corsnacHo (1.91) Bcerma BulmosiHsieTCs He-
pasenctBo [(@) <I. TlosroMy mocTpoenue, onmpejensioLiee
pasHOBecHH#l auamerp LIMJI, mogoGHOe npHBeLeHHOMY Ha
puc. 1.9,a, no3BonsieT 3aKIIOUHTh, YTO NPH OANHAKOBBIX 3HA-
YEHHSIX MOJS CMEWIeHHs] M XapaKTepPHCTHUECKHX IJIHHAX pa-
nuyc xecrkoro LIMIL Goabule, uem HopMaabsoro LIMIIL
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[image: image22.jpg]{S=1). ectkuit LIMJI Koanancupyer npu GONbUIAX 3HA-
YeHHSIX BHELUHEro NOJs, YeM HOPMaJbHbIA, H CyNIeCTBYeT
B Goslee IIMPOKOM HHTEpBajie MoJieil CMEIleHHs! MO CpaBHe-
HHIO ¢ HOpMaJbHBIME [39].

Dyuxuuio {(d), Bxopsuyio B (1.90), MOKHO ONpelennTh
3KCIepPUMEHTa/bHO, H3MEDPUB JHAMeTP AOMEeHa BO BHEIIHEeM
none f TpU M3BECTHEIX KOHCTAHTAX MaTepHa/la H NOJb3YACh
3HayeHHsIMH CHJIO0BOi (yukuun F(d). Takue H3MepeHHS
[40] nossonsior ouennts yucao BBJI B rpannne IM/I.

B 3aBHCHMOCTH OT 3HAYEHHsI napameTpa @ ypaBHeHHe
(1.90) mPHBOAMT K HECKOJBKHM THIIAM 3aBHCHUMOCTH Ge3pas-
MEPHOTO NOJs CMellleHHsi OT 0e3pa3MepHOro JAuamerpa
LIMJI, cxemarTHuecKH H300paxeHHbX Ha puc. l.12,a—e.
Ananus (1.90) nokasslBaer, 4TO yCTOHUMBBI TOJBKO BETBH
Tex KpHBHIX, Ha koTopbix 0H/0d<0. OcoGeHHO HHTEpeceH
cnyuait Ha puc. 1.12,e, Koria B OJHOM M TOM XKe IOJe CMe-
LEHAS BO3MOMKHbI [Ba YCTOHUHMBBIX COCTOSHHS LM pas-
JIMUHBIX AMAMeTPOB. [10-BHAUMOMY, 3TOT cayyail Habona-
5T 9KCIepUMeHTabHO B [42].

A
H

>

a=0 akl

&>
S
&>

a) 5)
A A
" H a>1
a=1
A
0 a0 a
8) 2)

Puc. 1.12. CxemaTHuecKas 3aBHCHMOCTb TOJs CMellenus A oT Anamer-
pa xecrkoro LML 4.
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BepTuKanbHbie Gl10XOBCKHE JIHHHH, NMO-BHANMOMY, Hrpa-
10T GOJBIIYIO POJIb B MPOLECCAX 3aPOXKAEHHS (HYKJEalHH)
n agauruasuan IIMJT [43]. Ecan o6patutsest x puc. 1.11,
TO MOXHO 3aMETHTb, YTO NPH CTPeMJIeHHH pannyca IIMIT
K HyJTI0 OGMEeHHAass 3HEPrHs He HMeeT OCOGEHHOCTH, eC/H
rpanuna conepxut ase BBJI oaHoro 3Haka.

CylecTBYIOT NPaKTHYECKHE METOAL NOJABJEHHS BO3-
HUKHOBeHHs1 MarHuToxectkux LIMJI. Hanpumep, mnoae
B TJIOCKOCTH IIACTHHBI [eJaeT 3HePreTHYCCKH BHIFOAHBIM
cymecrsoBanne LIIMII ¢ S=0 (cm. puc. 1.11).

HauGosnee pacnpocTpaHeHHBIM METOAOM TOJABJIEHHS SIB-
JifieTcss MeTOJN MOHHOiI MMIJaHTauWd mnosepxmoctn LIM]I-
nnedku [44]. Tlo cyulecTBYIOUMM PEICTABIEHHSIM B 3TOM
npouecce CO3JaeTcsl MOBEPXHOCTHAS AHH3OTPOMHS, HANpPaB-
nsfiomas B UMIJIAHTHPOBAHHOM CJIO€ BEKTOP HaMarHHYeHHO-
cru nmepnengukyaspao OJIH u nepeBoxsimas IIMIT B co-
crogane S=0. CyllecTBEHHYIO POJb B HMIVIAHTHPOBAHHBIX
nnei{}(ax HTPaloT NOBEPXHOCTHbIE 3aMbIKAlOLHe JOMEHB!
[45].

B) Jla6upuHTHaA cTPyKTypa, pewerku LMA,
KOHUL,EHTPHUECKHE JOMEHbI

Ennununnie IIMJI, paccMoTpenHble B MPeabIAyLHX Pas-
Jenax, He HCUepNbIBAIOT BCeH KapTHHBI JOMEHHBIX CTPYKTYD,
AabaofaeMBIX B TOHKHX IIOCKONAPa/UIeJbHBIX IJIEHKAX
MarsATOOJHOOCHBIX BellleCcTB € GOMbIHM §-(HaKTOpOM.

Ilpy yMmeHblIeHHH 3HAUEHHS NMOJS CMeLleHHs HHXKe rpa-
HUIBl NOJIST 3JsunTHyeckoi pedopmanuu IIM]I mpeBpama-
ercsd B II0JIOCOBOH NOMeH HelmpaBH/bHONK ¢opMb. B mone
HHXKe I0JIsT 3JUTHITHUYECKOH HeYCTOHYHBOCTH BCS IVIOCKOCTh
IIACTHHBL MOMKET 0Ka3aThCsl IOKPHITOH MOJOCOBBIMH JOMe-
HaMH HeNnpaBHJIBHOH (OPMBI C YepeayIOLIHMICS Hanpasle-
HHSIMH HaMarHHUEHHOCTH, T. €. MMeeT MeCTO JaOHpHHTHAas
JIOMEHHAs CTPYKTYypa.

IlpuMepHO B 3TOil Ke 06J1aCTH IOJIEH CMELIEHHsS MOXET
CYHIeCTBOBATb yIOpsJOYeHHasl CTPyKTypa — pemetka LIMJT
rekcaroHanbHoro tHna (puc. 1.13) H KOHIEHTpHYECKHE HO-
MEHBL.

OG6nacTy CyLIIeCTBOBAHHSI MEPEUHCIEHHBIX CTPYKTYp MO
NOMIO CMeUIeHHst TnepekphiBaloTcsi. JlomMeHHast cTpyKTypa
NJIACTHHBL He SIBJISIETCS OLHO3HAYHOH (yHKUHEH moss H, Oy-
RyuH MeTacTaGHIbHOMH, 06YCJIOBAMBAET CyLleCTBOBAaHHE THC-
Tepe3kica HAMaTHHUEHHOCTH,
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[image: image23.jpg]JlaGupunTHAs CTPYKTYPA. JIErKo MPOH3BECTH paclleTCg§2:
HOBECHOH IIUPUHBI €JHHHYHOIO NPSIMOJIMHEHHOTO IOJIO e Toh
TO AOMeHa IHHpPIHOﬁ W BO BCeM HHTepBaJie BHEIIHHX I

0<H<M.

® ® ® ®

Puc. 1.13. Tlnockas pemetka LIMJI B uTTpHii-camapHeBOM rpanare
(d=5 mxm).

oy
@— B HOMHAJLHOM MONE CMUIHHS; §— B OTCYTCTBHE NOJNsS CMEIEHHS; 6 — I
DAMeTPLI pelCTKH.

TockoabKy HabmofaeMble NJIHHbI JOMEHOB MHOTO 60.71;
e MX WIHUPHH, TO AOMEH MOXHO NpencTaBasiTh HMe!OLl!He.
5eCKOHe'-IHyIO JJIMHY W OTHOCHTb BCE BBIUHC/sIEMBbIe 3!{?]}61"1
THUECKHEe BEJIHUMHBI K €IMHHUIe IJHHBI. Boluncasis no ( o i)’[
pasMarHHuMBaomui - hakrop napajienenunena  AJIMHO
L—>0co M WHPUHOW @ B NJIACTHHE TOJILHHON h, MOJTyyaeM

(®=w/h):
N,— 5 [arctg® — 20+ (@— ") In(1 +@)]. (1.92)

SHeprust B mojie cMelllenuss H cocTOuT H3 Marﬂmoc‘:;:;:
THyeckol sHepruu (1.59), 3Hepruu B MarHATHOM no.'lwe,mla.
CUHTHIBAEMOt OT COCTOSIHHS OXHOPOJIHO HAaMaTHHUCHHOH s
CTHHBI, U IIOBEPXHOCTHOH 3HEPTHH, CBA3AHHOH C 9H:C1;qu_
JOMEHHBIX FPaHHII, BEIPAXKAIOIIMXCSl uepe3 Xapakrep

CKyIO HJIHHY [
E,= 2u,MLK [l —(1—N,— H) u], (1.93)

rae L — nauna goMeHa; [ H—ﬁeapa§Meprle XapakTepH-
cTHuecKas AJHHA M Toje cMeleHus; @=w/h,
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Ypasrenne, onpegeasiomee PaBHOBECHYI0O WIHDPHHY J0-

Mel-[lg. nonyuaercst H3 (1.93) nyrem aubdepeHLHpoBaRys Mo
w [37]:

H="arctg— L[ 5y, (1.94)

Cornacho (1.94) nose A ects MOHOTOHHO yGHIBalomas
OyHKkuHs @. Boiuncass SHepruio (1.93) mna exununy JUTHHBI,
MOXHO yGeuTbCS, 4TO OHA BO3pacTaer c poctoM A (ymens-
WEHHeM @), Mepexoliss OT OTPHUATeNbHBIX 3HaYEHHH K mo-
JIOXKHTENbHbIM. Takum o6pasoM, ecin BHemmee mose TaKo-
BO, 4TO SHEPTHS NOMEHa MNOJIOXKHTeJNbHA [em. (1.94)], To
L—0, ecnn xe ero SHEPrHs OTPHUATeNbHA (Majble MOJs),
T0 L—+o0o0. Kpuruueckoe mnoue, Pasjiensiiollee 3TH ABa pe-
KHMA, PHOJIH3UTENILHO COBNIAZALT ¢ NOJIeM SJVTHITHYECKOH
Heycro#unsoctn LIMJT [37].

Pacuer napamerpos crctembi NePHOSHYECKHX aHTHIa-
PAJIJIENILHBIX MTOJIOCOBBIX TOMEHOB TPHBOLUTCA B [14].

Ha puc. 1.14 npusenen rpaduK 3aBHCHMOCTH IIHDHHbBI
T0JI0COBOTO IOMEHA B HYJIEBOM TNOJIe CMEUIeHHS OT Gespas-
MEPHOH XapaKTepHCTHUECKOH MIHHBI [ [37].

Pemerka IIMJI. U3 scex BO3MOXKHbIX FE€OMeTPHYECKHX
THIIOB DEIIETOK pealn3yercs TOMLKO OAHA, rekcaroHajbHasi,
XapaxrepusyeMas ~MHHHMaNbHBIM — DacCTOSHHEM Me.
LIMI (napamerpom pewerku) a (cM. puc. 1.13) [46, 47].

Hapany c sueprueii oraenbusix UM (1.68) cnenyer
NPUHATL BO BHHMAHHE H MOJOKHTEJLHYIO SHEPLHIO MarHu-
TOAMIONBHOTO  OTTA/IKHBAHHA, — CyLIeCTBYIONLYIO Mexay
LUMU. Tonnast smeprus na €IHHHIY MOBEPXHOCTH NJIACTH-
Hbl JIOJKHA OBITh MHHHMH3HPOBAaHA no JABYM napameTpam:
auamerpy LIMI d u napamerpy pemerku a. C bopmaibHOi
TOUKH 3pennst ypapHenne (1.72), onpegessiomee paBHOBec-
Hblii nnamerp LIMJI, monmosmsiercs YJIEHOM, yYHTHIBAIOUIUM
OTTalIKHBalollee NoJie, AEHCTBYIOIlee HA AAHHBIH LM co
CTOPOHBI_BCEX OCTaJIbHBIX H 106aBasIOleecs K Moo cme-
weHHs. ITostomy €CTECTBeHHO, 4yTo pemetka LIMJI moxer
CYLIECTBOBATL H B OGJACTH MOJIeH CMelleHHS], MeHbIIHX [10-
JIs1 IIHNITHYECKOH HeyCTOHYMBOCTH A3onHpoBaHHOro LIM/I,
H laxe B HyJEBOM IOJIe B KayecTBe MeTacTaGHIBbHOIO ¢o-
CTOSIHUSL.

Onpenenenue napamerpos pewerok LIMJT B o6wewm ciy-
uae TpeGyeT UHCIEHHBIX pacuetos [37, 46]. TIpuBenem Tomb-
KO pesy/IbTaTbl YHC/ICHHOTO aHa/H3a 0GJACTH CyILeCTBOBA-
HHA DA3NHYHBIX NOMEHHBIX CTPYKTYP B OJHOOCHOH IJIACTHHE
[62] (puc. 1.15).
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2gag§:;12e:g:;«wmupnﬂu TI0J10- B 3aBHCHMOCTH OT 06paTHOH Ge3-

B HYJIEBOM IO~ pasMepHOR  XapaKTepHCTHYe
Je cmelienuss (I) W xuaMerpa JIJIAHBL. R prieTHectof

KoanancupoBanust IMJL da (2).

puc. 1.1b. DOTOrpaQus JOMEH-
HOt CTPYKTYPH! B HEHMILIAHTHPO-
BaHHO{ (hepporpaHaToBOf TIEH-
Ke_(CTpeJIKaMH YyKa3aHBl KoJblie-
BOH M MArHHTOXECTKHH  J0-
MeHH).

TMonocoBasi 1oMeHHasi CTPYKTypa SHEPreTHYECKH BBITOL-
Ha B noasix cmemenus 0<<H<Hp;— o6nacte [; pemerka
LM B Hys<H<Hy— o6nacts /1. Ha kpuBoit Hy sneprus
usonuposannoro LIMJI pasua uymo (cM. puc. 1.9,a).

B 06JlaCTPl" Hy<H<H, (Hy u Hy,—rmonsa xoananca i
3MMMNTHYECKOH HeycToiunBocTH H3onuposannoro LIIMI) cy-
wectByior LIM]I. Ho ogHOBpeMeHHO B 3TOH e 06/1aCTH NPH
Hy<H<Hj cywectyer u pemerka LIMJI,
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B o6nactu [l Hp<H<Hp cyliecTBOBaHHE PeLIETKH
CTAHOBHTCSl HEBBHIFOAHEIM, 3[€Ch CYLIECTBYIOT H30JIHPOBAH-
awie LML

IHa BepxHen 4acTH pHc. 1.15 npHBOAATCS 2oBhl i MOCTH
JMAaMETPOB KoJlianca LM do, BHaMerpos Li:fy 5 mone
Hjy—dp, XOTZa ero 3Heprus paBHa HyJlIO, H B Nojie i1 p5—dbs,
KOrfla 9Heprusi pelieTKH COM3MepHMa C sHeprueil CHCTeMBI
OJIOCOBBIX AOMEHOB, a TaKie MapaMeTphl pelleTKH Qbs
B nose Hps OT xapaKTepucmuecxoﬂ JUIHHBL L.

Us xpupbix Ha pHc. 1.15 BUAHO, uTO 06Js1acTh CYLLECTBO-
BaHUS pelieTKH LM no mojw CcMeuleHHs 3HAUYUTEIbHO
peBOCXONHT ~06/IacTh CYILLeCTBOBAHUS ~ H3OJIHPOBAHHBIX
LIMJI. 3amernm, uTo Gojiee TLLATENbHOE nccaenosanue [13]
nokaspizaer, uro LIMJL B peuleTke KOJIANCHPYIOT HeOJIHO-
BpEMeHHO. B cBsA3H C 3THM COOTBETCTBYIOLLHE KPHBBIC A PHC.
1.15 HECKOJIBKO M3MEHSIOT CBOE NOJIOMKEHHE.

Hnrepec K pelierkam LIMJI Bo MHOrOM 00yCJIOBJIEH BO3-
MOMKHOCTBIO UX IDHMEHEHHS B KauecTse MaccHBOB uubop-
MAIHU B 3aNIOMHHAIOLIUX YCTPOHCTBAX.

KoHuenTpuueckue AomeHbl. B o6macTH nojell cMellleHus BOIHSH
[OASt SMIMNTHUECKOH HEyCTOHYHBOCTH H, epuuuusoro LIMJI, BO3MOXHO
cylfiecTBOBaHHE KOHUEHTPHYECKHX nomenos (puc. 1.16): muiMHApHUe-
CKHX KpYroBbIX KoJjen ¢ HaMarHHYeHHOCTDIO, oﬁpamoﬁ 10 OTHOLUEHHIO
K HampaBJeHWIO HaMarHHueuHoCTH B nacwulentoil maactune [48, 49].

O6aacTs §CTOKUMBOCTH TAKHX JAOMEHOB MO BHEUIHEMY TOJIO HeBENHKA.
L ain s nRmactu VCTONUMBOCTH MeHS-
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AuHaMMKQ AOMEHHBIX FPAHUL M
LMAMHAPUHECKMX MAFHMTHBIX AOMEHOB

Hacm;m.[aﬂ riiaBa nocpsllleHa JHHAMHKe AOMEHHBbIXTrpa-
HHI[ ¥ JOMEHHBIX CTPYKTYp, KOrja pacrnpejesjieHHe Hamar-
HuueHHoCTH LIMJI-NJIeHKH 3aBHCHT OT BpeMeHH, T. e. M=
=M(r, ).

2.4. BMUHAMMUKA MATHUTHOTO MOMEHTA B
DEPPOMATHETUKAX

YpaBHeHHs [BHMKeHHs [IJsi HaMarHuueHHocTH M(r, f)
B (heppomarHeTHKax, 060611alolHe CTATHIECKHE YDaBHEHHS
(1.22), Moryr GbITb npeAcTaBieHbl B chaeylolieM BHIE:

B =y, [HHEXM], (1)

rae po=4n-10~7 Tu/m; Hod® —sddekTHBHOE BHYTpEHHEe
none B ¢eppomarneruke, umemomee Bug (1.23). Bennunna
y=1,76-10"" Ka/xr

HOCHT Ha3BaHHe MarHHTOMEXaHHYeCKOro OTHOIIEHHs (AJs
CIIHHA CBOGOJHOTO 3JeKTPOHa). 3aMeTHM, YTO 4acTO BCTpe-
yajollleecsl B JajibHeilleM NPOH3BeleHHe ypo paBHO 2,21X
X10% mf(c-A).

W3 (2.1) caenyer, uto M?(r, t{)=const. B 3T70M MOXHO
y6enuThCs, YMHOXHB cKanspHo ob6e uactH (2.1) Ha M;
B CHJIy M3BECTHBIX CBOHCTB CMEIIAHHOTO BEKTOPHOrO MpOH3-
BeJleHHs1 mpaBas uacTb (2.1) obpallaercss B HyJb, a JeBast
npuBogHT K (1.1).

C uesnbio BHISICHEHHS! O6llero xapakrepa ABHXKeHHs M
PacCMOTPHM MOBeleHHe CBOGOAHOTO MAarHHTHOTO MOMEHTa
B nOCTOsIHHOM MarHuTHOM nose He®®=H. Ckaasipnoe ymHo-
xenne (2.1) ma H noxaseiBaer, uto yron 6 mexny M u H
ocTaeTcsi HEeH3MEHHBIM BO BPeMeHH M corjacHO (2.1) mpe-
eccupyer Bokpyr H ¢ 1OCTOSIHHOH yIJIOBOH CKOPOCTBIO
yuoH. IlnoTHOCTL 3HEPTHH CHCTEMBbl, PaBHAasi B 1aHHOM CJy-
yae wg=—MHpocos B, coxpansiercs. 3amMmeTum, 4TO B 06-
IeM cayyae Npou3BoJpHOTO mods HPP® npmKeHHe HOCHT
MPEleCCHOHHBIN XapakTep, HO siBJseTcss Gojiee CJOKHBIM.
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YpaBHenne (2.1) He yuuTbIBa€T HaJHMYMe CHJI QHCCHIA-
uuu (Tpenusi). Bnarosaps HanuuMio NMCCHNAUMH SHEPTHH
BBIBEICHHOH H3 COCTOSIHHS PaBHOBECHS CHCTeMbl yOBIBAaeT
B OTCYTCTBHE BHENIHEro HCTOYHMKA 10 TeX IOp, NokKa He
YCTaHOBHTCSl paBHOBecHe, T. €. M He cTaHeT mapaJie/sbHO
Hood,

Yyer QMCCHMATHBHONO Xapakrepa ABHxKeHHs M B ypas-
Henusix (2.1) moxer GbiTh OCYIECTBJEH C MOMOILbIO J06a-
BOYHOTO CJIaraeMoro

S =t XM 4 5 [ M G 2.2

YpaBHenue (2.2) HOCHT Ha3BaHHE ypDaBHEHHS [JBHIKEHHS
MarHuTHOrO MoMeHTa B (opme I'mab6epra; a>0 — Gespas-
MepHasi MOCTOSHHASl BeJHYHHA (OCTOSHHASl 3aTyXaHHs
I'unp6epra), xapakrepusyiollas penaKCalHIO HaMarHHYeH-
HOCTH M onpejessieMass BHYTPEHHHMH CBOHCTBaMH MarHeTH-
Ka. Beanunna o onpenensier MOABHKHOCTh JOMEHHBIX I'pa-
HHL, IIHPHHY JHHHH DE30HAHCOB Ha JOMEHHBIX 'PAHHLAX H,
B YAaCTHOCTH, IUHDHHY JIHHHH (DePPOMATHHTHOTO PE3OHAHCa.
Kak nokassiBaior u3mepenus, B LIMJI-MaTepuanax npu Kom-
HaTHBIX Temneparypax a=0,1-+-0,01.

YacTo puccHnaTHBHHI 4jeH B (2.2) mpeacTaBJsiOT Tak:

— e M [MOX HE))

H ypaBHeHHe (2.2) Toria HasbiBalOT ypaBHeHneM JlaHgay—
Jludunna. MoxHo y6enuThbes, uto 06e GOPMBI 3aMHCH QHC-
CHNIATHBHOTO WieHa 5KBHBAJIEHTHH, ecau mof y B (2.2) mo-
HHMaTb BEIpaxkenue vy(l1-a?) u3 ypasuenus Jlawpay —
Jludmuna.

B Teopuu AMHaMHKH JOMEHHBIX TPaHHL NpPEANOuTeHHE
ornaerca ¢opme (2.2). Ormerum, uto B (2.2), Kak u
B (2.1), coxpaHsercs BeaHUHHa MOAyas M.

Iepenuuiem ypaBHenust (2.2) B cdepuueckoit cucreme
KOOpJHHAT, H306paxKenHol Ha puc. 1.2:

04asinbe=1nH,; sy
sin fp — ab =ypH,. -

IMpoexnnn sdexTHBHOrO noOJNst HA OPTH cdepuueckoit
CHCTEMbl KOOPIHHAT PaBHBI:

H=2 /uﬂM H :—/p.nMsmO (2.4)
4—1036 49




[image: image26.jpg]rJle IIPOH3BOJHbIE 6w/00 H dw/8¢ BEIUHCASIOTCS MO NMPABHIY
(1.22); @ — nIOTHOCTb SHEPrHH MarHeTHKa.

Bapuayuonnoul npunyun 8 outamuke COMEHHbX CTPYKTYP

Jlns onucaHHs AMHAMHKH MarHHTHBIX MPOLECCOB B KBa-
3UCTATHYECKOM NPHOJMIKEHHH K ypaBHeHuaMm (2.3) cinenyer
no6aButh ypaBHeHHs Makcsesna (1.8) ¢ cooTBercTBylOIIH-
MH TPaHHUHBIMH yeaoBusMH. Cucrema (2.3) u (1.8) cocras-
JISIeT OCHOBY OIHCAHHSl JHHAMHKH JOMEHHBIX TpaHHL H
CTPYKTYP.

Cdopmynupyem npouenypy HPHGJIHMKEHHONO pelieHHs
NWHAMHYECKHX yPaBHeHHH NPSMBIMH METONAaMH BapHAaIHOH-
HOTO HCUHC/IeHHS], aHAJOTHYHYIO NPHBENEHHOH B . 1 aust
CTaTHYeCKOTO Cayuast.

M3 ananuTHYeCKOH MeXaHHKH H3BECTHO, YTO JHHAMHUYe-
cKas cHcTeMa, 3aBHcslash OT OGOOIIEHHBIX KOODAMHAT ¢
i=1, 2, 3...) H MX NPOU3BOAHHIX 0q:/0t n aq [0%; (2=
, Y, ), MOXKeT GBITb OXapaKTepH30BaHa JeliCTBHEM, PaB-
HBIM

S- jdtjer T, f), (2.5)

rae L(r t) — naoTHOCTh PyHKUMH JlarpaHxa
L=T(r, )—w(r, 1), (26)

cocTosIIas U3 JBYX 4acTel: MJIOTHOCTH KHHETHUECKOH 3Hep-
rud T ¥ TIJIOTHOCTH NMOTEHUMAJBHOM 3HEPTHH W@, mpeicTas-
JIEHHOH /I MarHHTHOH CHCTEMBI, HanpuMep, B Buge (1.26).

Hanuuue AuccHnauuu sHepPrHH TpeGyer ellle BBeIEHHS
IVIOTHOCTH (YHKLHH RHCCHMAUHH F, SIBJSIOWEHCS MOJIOMKH-
TeJbHOH KBaApaTHUHOH HOPMOI OT 0GOGLIEHHBIX CKOpOCTedH
dq./0t.

VYpaBHeHust AJsi KOOPAHHAT ¢; MOJYYalOTCs BapbHpOBa-
HHeM (2.5) ¢ yueTOM QHCCHMATHBHOrO BKJaZa MO MPaBHIY

0 O0L 0 oL oL OF
—L = 2.7)
ot 2 0xp, 9g; + 99;  og; (
% k=x,y,2 0(0:%) !

H3BeCTHO Takxke, YTO MOJHAs 3HEpPrus CHCTeMbl MEHAET-
Csl CO BpeMeHeM IO 3aKOHY

dE|dt=—2F. (2.8)
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Orciona cienyer, uTo B CHIy TOro, uto F>0, sHeprus
cHCTeMBl yGBIBaeT H CKOPOCTh YOBIBAHHS NPONOPILHOHANbLHA
F. Beraer Bonpoc 0 BGope L u F, KoTopble onpeaenuny Gul
no (2.7) ypaBuenus 'unsGepra (2.3).

B kauectBe kuHeTHuecKoft sHeprun T BrIGHpaioT dopMy

[51]
T= —?@écos 0, (2.9)

rae @ ¥ 0 — cdepHuecKkne yribl, onpelessiolIHe Hanpasie-
HHe (cM. puc. 1.2). B xauecTBe MJIOTHOCTH NOTEHUHAJIBHON
3HEPruu clefyeT GpaTh MJIOTHOCTb SHEPTHH W, PACCMOTDEH-
HYIO B TIpeABbIAYILel TiaBe.

Uro6bl nosyunts 1m0 (2.7), HMCMONB3Ysi BapHALMOHHBIN
MPHHLHI, YPABHEHHS! C YUETOM AHCCHNALKH, JOCTATOUHO BbI-
6paTh MIOTHOCTh QYHKUHH NUCCHNALMH B BHIE

@ oM \* a M . et
F= i (o) =5 D'+ sint0 9] a0

Hexopst M3 ¢u3HuecKMX COOGpaXkeHHH BhHIGHpaAloOTCs
npoGuble dynxuuu (1.29), B KOTOPEIX mapaMeTphl ¢; (0606-
IeHHble KOOPAWHATLI) 3aBHCAT OT BpeMeHH. HHTerpupo-
BaHHE 10 MPOCTPAHCTBEHHBIM KOOPJAMHATAM IO3BOJISET IIe-
pefiti X (yHkunsam JlarpaHxka H TMCCHIAIMH, OACTAHOBKA
KOTOPHIX B (2.7) IPHBOIHT K TpeGyeMHIM yDPaBHEHHSIM IBH-
JKeHHsl. 3aMeTHM, YTO B o6LIeM cayyae NPOOHBIMH GYHKIMS-
MH MOXHO annpoXCHMHPOBATh TOJMBKO YacTh OGOGUIEHHBIX
KOOPJAHHAT; A/l OCTABUIHXCS KOOPIMHAT YPaBHEHHS JBHIKeE-
HHst GYAYT TOYHBIMH.

2.2. AMHAMMKA NNOCKOW AOMEHHOM rPAHMLIbI

a) CrauuoHapHoe aBMMKeHHEe GNOXOBCKON [OMEHHOM
rpaHMubl

O6patumcs K uayuennio gBuxeHnst BT, pacmonoxen-
HOIl B IJIOCKOCTH x0Z, MO AeHCTBHEM MOCTOSTHHOTO MAarHHT-
Horo mosis H,, HanpaBJeHHOTO MO JIETKOi OCH Z (CM. pHC.
1.3,a). OxasmiBaercss, uTo ypaBHeHHs (2.3) pomyckawoT
B 5TOM CJyyae TOUHOE pelLIeHHe, OTBeyalolilee JBHKEHHIO
BT ¢ mocTOSHHOR CKOPOCTBIO BIOJb OCH Y, — PelleHHe
Vokepa [52].

Tlnotocts 3ueprum (1.20), Bxomsmas B ypaBHeHHs
(2.4), cknageiBaeTcss B NaHHOM cJyuae H3 OOMEHHOH yacTH
(1.3), xapakrepusyeMoll mocrosiHHONH A>0, M mJIOTHOCTEH
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[image: image27.jpg]HEePruH OJHOOCHOH aHH3oTponuH (1.5) c¢ koncranTofi K>0
MarsuTocratuyeckoii sneprun (1.17) nas ogHOMepHOro pac-
npejenenns HamaranyeHHocTH M=M (y) ¥ mnoTHOCTH 3Hep-
THH BO BHEIIHEM MarHMTHOM IOJie, KOTOpPas B NaHHOM CJy-
uae npuuuMaer Gopmy — poMH cos 6. Hcnoasays Bripaxe-
Hus (2.4), nomyuaem:

64 asinby =-3“Y— [A sin fp’" 4 2A cos 06'¢’ —

— & m sinOsian:];
@.11)
gsing—af=T- [Asin26(q;’)‘+1(sin20— 240" 4

45 M sin® ¢ sin 20 - w,MH, sin 0] ]
Irpux yxassiBaer Ha AudepeHLHPOBAHHE O KOOPIH-
HaTe Y.
Bynem ucKaTb pelleHHe HeqHHefHON cucTembr (2.11)
B BHJIE

0=0 [y—y(t)], p=const, y=const. (2.12)

Pewenus Buga (2.12) cOOTBETCTBYIOT CTallHOHAPHOMY
PEXHMY IPOABHIKEHHS JOMEHHOH TIpaHMIBL.
Pewenue (2.12) nmeer BHI:

sinﬂ:ch"(%); cosﬂ:—th(y}—yu); (2.13)

2sinto—1—V 1, (@.14)
rae f‘]* 6e3pasmepl—me BHelIllHee TI0Jie, paBHOE
Hk———— I; Hy——Ma; (2.15)

H,,— yOKepoBCKoe mpejeJbHOe 10JIe; § — TOJMIHAA JOMeH-

HOIi "PaHHIBI, COBNAAIOIAs CO CTATHUCCKOH TOMUIUHONA NPH
yriie ¢, onpeaenseMoM Bbipaxennem (2.14):

— —1/2, PN
8,=08,(1+¢ " sin’e) 5 s,=V AIK. (2.16)
CKoCpoTh ¢ (f) OMEHHOH TpAHHMIE MOCTOSHHA:
. oY0 gl
g)="TE T iy, (2.17)
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3amernM, uro B/I' B mpouecce ABHXKEHHST He TOJBKO
npHOGpeTaeT COCTABJSIONLYI0 HaMarHHYEHHOCTH, HOPMaJb-
Hyl0 K ee IOBEePXHOCTH, OTCYTCTBYIOULYIO B COCTOSIHHH IO-
KOs, HO corylacHo (2.16) cxxumaercs.

Oco6eHHOCTb MOJYYEHHOrO PelleHHs COCTOUT B TOM, UTO
OHO CNpaBelJIHBO He BO BCEM HHTepBaJie 3HaUEHHH BHEIUHHX
noneit H,. Cornacro (2.14) u (2.15) H, He Ko/xHO mpeBoc-
XOJMTh yOoKepoBckoro mpemena H,. B LIMJI-marepuanax
a=0,1--0,01, M=10* A/M, Hy~102—10% A/m. TIpenensuoe
XKe 3HayeHHe cKOpocTH [cM. (2.17)] npu sTOM 3HaueHHH
nosist (yOKepOBCKas npejefbHas CKOPOCTb) TOBOJBHO BEJH-
KO H cocTaBisieT npuMepHo 10—10% m/c.

VYron ¢ [cm. (2.14)] MOHOTOHHO BO3pacTaer ¢ POCTOM
BHELIHEro moast M JgocThraer npu H=H, MaKCHMaJbHOTO
3HayeHHs, paBHOro m/4. Brixog M H3 craTHuecKoro cocros-
mua (p=0) uesHKOM O6YCJOB/EH QHCCHIATHBHBIMH NpOLEC-
CaMH H HaJHYHeM MAarHHTOCTaTHYeCKOH 3SHepruu [cM.

(1.17)]. OtcyTcTBHE OJHOTO W3 STHX CJAraeMHIX NPHBOIHT
K HEBO3MOXHOCTH CTAallHOHAPHOTO peXHMa MPOJABHKEHUS
TPaHHIbI.

He crnepyer npeacraBists, uro B ofnactu H,>H, no-
MeHHas TPAHHLA TOKOHTCSH; NpPOABHXKEHHE BO3MOXKHO, HO
OHO HE HOCHT CTAllHOHAPHOTO Xapakrepa.

B ofnacTi BHeWHHX noJyied [, HEHaMHOro MPeBOCXOMS-
LIHMX YOKEePOBCKHH npesies H,, HeoOXOIHMO YHCJIEHHOE HH-
TErpHPOBAHHE ypaBHEHHI (2.11) [53]. B yxasanuom ama-
nasoHe BHEUIHHX NOJeHl HMEET MeCTO NajeHHe CKOPOCTH MO-
CTYNaTeNbHOTO JBHMKEHHS FPaHHIbl JOMEHOB C yBEJHYEHH-
€M BHELIHEro NoJs, TaK KaK ero SHeprus TPATHTCS B OCHOB-
HOM Ha BO36yK/leHHe BHYTPEHHHX IPELEeCCHOHHBIX JBHKE-
HMil B caMOil TpanHIe.

3aBHCHMOCTh NapaMeTpPoOB ABHIKYLIeHCH NOMEHHOH rpa-
HHI(Bl OT BeJHUHMHBI Ge3padmepHoro mosiss H [cm. (2.15)]
npencraBiaena Ha puc. 2.1,a. IIyHKTHpHAsl JIMHHS COOTBeET-
CTByeT g—>00.

Ha (2.17) cneayet, uTo mpH g—>00 CKOPOCTh JOMEHHOMH
rpaHHLBl PONOPUHOHANbHA A H MOXKET GBHITb OXapaKTepH-
30BaHa MOJBHMKHOCTBIO |, HMEIOMIeH C/IeIyIOlHi BHIL:

o p=ySzpo/a, (2.18)
me 8,=VA[K.
YBe/NHueHHe MOABHMKHOCTH | NMOBHILIAET GEICTPOAEHCTBHE

JOMeHHBIX  ycTpodicTB. IlpH  KoMHATHOH TeMmepaTtype
B LIMII-MaTepuanax o6biuH0 p~10-2+-10-! mM2-A—t.c-1. U3
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[image: image28.jpg]puc. 2.1,a BHIHO, YTO B MpaKTHUECKH HcmoabdyeMbix LIMJI-
marepuanax, rie 1<g<10, OTKIOHEHHS CKOPOCTH OT JH-
HelHO# 3aBUCMMOCTH BHAa (2.18) HeBeNHKH M cocpefoToue-
HBl BOJIH3H NpeJe/lbHBIX YOKEPOBCKHX 3HAUEHHI. 3aMeTHM
TaKXKe, 4TO B TOHKHMX IMleHKax LIM]I-marepuasioB cphiB cTa-
LHOHAPHOTO PEXHMa MPOABHIKEHHS JOMEHHBEIX IPaHHIl IpPO-
HCXORHUT npH H,<Hy (cm. § 1.2).

/

g=1n /

%’Y’ﬁﬂ

pESYy g
_—

' oitod o p Ao glipy. ¢ Foae ]
a 0z 04 06 58 10 36 7 § 11 131517

2) H=Hz [Hy 5)

Puc. 2.1. 3aBucumocTs cxopoctd asuikenns BJIT ot BHemmero marHut-
HOTO TOJNSt MO YoKepy NpH DA3NHYHBIX 3HAUEHHSX g-takropa (a)
[wTpuxnyskTHpHAs nHAMs Kast sin @ mocTpoeHa mo (2.14); ma BcrasKe
H300paxena 3aBUCHMOCTb Gespasmepwoii Tomuunsl BJIT or Geapasmep-
HOTO BHelUHero mois] M shdeKTHBHAS cKOpocTh nBuxkenns BJI 3a
yokepoBckuM npefetom B LIM/I-mateprasne ¢ a=0,1 (6).

Bosbioe snavenne g-pakropa 06ycJOBIMBAET MaloCTh
sddekra cxkatus fOMeHHOH rpammupl [cm. (2.16)] u ma-
JIOCTb €ro BJHAHHA HAa 3aKOH .aBMxKeHus [cm. (2.17)].
BcilencTBHe 3TOMO pacnpeneniente noaspHoro yraa 6 (2.13)
8 LIM/I-marepuanax ¢ GOMbLIOH TOYHOCTBIO COOTBETCTBYET
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€ro pacmpejle/ieHHI0 B Nokosimtefica rpannue ¢ ¢=~0. dto
BbIPa)KeHHe 11e/1eCO06PasHO HCNOJb30BATh B KauecTBe npo6-
HOM ()YHKLHH NPH NPHMEHEHHH NPSIMBIX METOLOB BapHalH-
OHHOTO HCUMCJICHHSI K PeleHHIO CJOXHBIX JIHHAMHUECKHX
3anau.

B nanbHeiiem GyaeM paccMaTpHBaTh KOOPAHHATY IEH-
Tpa JIOMEGHHOH TpaHHLEl y(f) Kak OZHH H3 MapaMeTPoB
npo6HuX Gynkunit (1.29) B pemennn (2.13).

6) Peakuus eppomarHeTmka, cofepawero BAr, na
cnaboe marHuTHOe none

[Monyuennoe B mpenmpiaylleM pasiele peureHHe Yokepa
HMeeT OrpaHHYeHHBIHl XapaKTep, CyIUECTBYS JIHIIb B NOCTO-
SIHHBIX MarHUTHBIX monsix H,<H, B nnneiiHoM npu6iauxe-
HHH MO MOJIO yhaercs OThickaTe peakuuio BT Ha mpous-
BOJIbHO OpHEHTHPOBaHHOe ciaboe mone Buma h(y, ¢) [54,
55]. OxaspiBaercs, uTO peakiHs (eppPOMAarHeTHKa, COmep-
xkautero BJIT, Ha BHellHee mnoJe He CBOXMTCH TOJBKO
K CMeLleHHsIM 10MeHHO#H rpanuusl. ITox aeficTsBHem mnepe-
MEHHOT'O BHEILUHEro nosis B o6pasiie BO306YXAaloTcsd Masble
KOJIJIGKTHBHBEIE KOJeGaHHs HAaMarHHYeHHOCTH (CHHHOBHIE
BOJIHBI), NPHBOJSILUHE K IMOIJIOUIEHHIO 3HEPrHH BHEIUHETO
noJis.

Tlpn paccmorpennn mnoBemenus BIAT B mnose Buaa
h(y, {) yno6uo ¢ yyetoM cnaGOCTH OTKJIOHEHHH BeKTOpa
HaMarHMYeHHOCTH OT paBHOBecHOTO cocrtosiiust B BT Bae-
CTH B ypaBHeHHe (2.3) ciefyioliHe nepeMeHHbIE:

=0,y — y ()] }
e=A(t)sin(0, [y—y O 1.

BuloxoBckast oOMeHHast TpaHHIA NO-NPEXHEMY MNPeAno-
naraercs  pacnoJIOXeHHOH B IJIOCKOCTH x02, a ee 3aKOH
JBHXKeHUS onpenensiercs ¢ynkuuedr y(¢). Yron 6 pacnona-
raerca B maockoctd BT u 3amaercs Beipaxenuem (1.35)
npu ¢=0. Yron @ onuceiBaeT BhIX04 BekTOpa M H3 mao-
ckocrn BIT; 3amerum, uto BeanunHa @, oTBeyaiolias yray
@ B yOKepoBCKOM pemienu (2.12), mepeMeHHa BO BPEMEHH
[em. (2.19)].

Boipaxenns (2.3) mo3BOMAIOT HalTH JHHeHHblEe ypas-
nenuss ans @, y(f). Mcnonb3oBanne B HHX 3aJaHHOrO O
Tpe6yeT BHINOJHEHHS ONpENeNEHHOr0 YCJIOBHS: KOHEYHOe
pelenue ypaBHeHHUH, nponopuuonassHoe sin By [em. (1.35)],
CyLIECTBYeT NpPH BLIIOJHEHHH YCJIOBHS OPTOTOHAJIBLHOCTH
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[image: image29.jpg]sin@ nmpasbM uactsiM ypasuennii [4]. B pesyabTate npu-
XOIHM K YDaBHEHHSM BHIa

o
A+p.,,'*{MaA:J2%"Z— jB(y, #)sinf,dy —
—00

0
— o (. t)sino.dy;
—0

(2.20)

. 0
Yy 0 .
St rIMA=- gaz jlhy (4, #) sinfdy —
—o

(>
L .
5 [Bw osins.ay,
—0

T/le BHELIHHe N0/ BXOASIT B ypaBHEeHHs [IBHXKEHHS B BHIe
KOMOGHHaI Mt

B=h, cos B—Hh sin . (2.21)
Kpowme Toro, B npasbie wactu (2.20) BXOAAT H3BeCTHbIE
us reopun BT nonspubie yrast 8o [cm. (1.35)] npHd =3,

Cucrema (2.20) nosHoctsio onpegenser nuamuky BT
B JIMHEHOM N0 nomio mpuGamxennn. Ms (2.19) u (2.20)
BHAHO, yTOo AuHamuka B/IT cBsi3aana He TOMBKO ¢ H3MeHe-
HHEM KOOPAHHATHI y(£), HO TaKXKe CYLIECTBEHHO 3aBHCHT OT
O — yria BEIXOJA BEKTOPA HAMATHHUEHHOCTH H3 MJOCKOCTH
rpasuubl x0z. B nuHeiHOM NPHONHKEHHH 3TH MepeMeHHble
pasnensiorest. Orpanuuumcs paccMmorpendem noas h(f),
TIPOCTPAHCTBEHHO-OAHOPOJHOTO, HO NPOH3BOJNBLHO ODHEHTH-
posanHoro. IlpeneGperas MafibIMH mNOMpaBKaMH mNOpsSAKA
a?<K 1, npujeM K ypaBHEHHIO BHIA

Y+ Y Mag =8,y Mh, + ap, Y8 ph, — - by By, (2.22)

B ornuune ot craumonapHoro pemenns (2.17) ypashe-
Hue (2.22), onuceiBarowee cmellenne BT nox meificTBueM
TMepeMeHHbIX BO BPeMeHH c/1aGblX Moself, CONepPXKHUT ulleH cO
BTOPOH MPOHU3BOAHOH 1O BPEMeHH, KOTOPbIH XapaKTepH3yer
HHEDUHOHHBIE CBOWCTBA rpanuupl. PaccMorpenue (2.22) u
AHA/IOTHH C MEXAHUYECKHMH CHCTEMAMH NO3BOJISIOT BBECTH
MOHATHE MJIOTHOCTH Maccsl BT

1

My — ———
2 PadpY*

(2.23)
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Ouerkn aasi IMJI-MaTepHanoB noKa3hBaioT, 4TO MJOT-
Hocth Macchl BAT myp=~10-9 xr/m2. D10 n03BOJIAET BO MHO-
FHX Cayyasx npeHeGperaTh HHEDUHOHHBIMH CBOACTBaMH
TPaHHIBL

TIpoucXoXaeHHe HHEPUHOHHOTO YJeHa, MPONOPLHOHANb-
HOTO BTOPOi NPOM3BONHOH IO BPeMeHM, B JIEBOH 4YacCTH
(2.23) 06yc/I0BIEHO THPOCKOMHYECKUMH CBOHCTBAMH I'DaHH-
ubl. B cualy mpeleccHOHHOro xapakTepa JBHXKEHHS Hamar-
HuuenHoctH BJIT HauuHaeT ciefloBaTh 3a NMOJIEM HE MTHO-
BEHHO, HO B COOTBeTCTBHH ¢ (2.23) cmycrs Bpems it~
~(poyMa)~!. Ecan BKJIIOYaeTcsi NOCTOSIHHOE Iofe h,, TO
rpaHHUA BbLIXOZHT Ha CTAlHOHADHBI PeXHM y=ph, TIe
MOJBHXKHOCTb p cooTBeTcTByeT (2.18), 3a oueHenHEBI BhIlle
BPEeMEHHOH NMPOMEXYTOK f.

UneH fi, B (2.22) HaunHAeT JOMHHHDPOBATb Haj MePBBHIM
yJeHOM npaBoil yactd (2.22) npu uacrorax o>poyM/a.

Hannune B mpaBoit uactu (2.22) wunena Hy(f) Bemer
K IpelecCHH HaMarHH4eHHOcTH B maockoctH BT, uro u
NPHBOJHT K €e OCUM/ISALUMAM BJOAb OcH y. Ecau rpanuna
3aKpemeHa KakuM-IHGO JedeKTOM H IOCTOsHHOe moje A
He MOXeT OTOpBaTh €e, TO HaJIOXKeHHe NEepPeMeHHOro moJs,
NepreHJUKYASIPHOTO TJIOCKOCTH TpaHHIbl x02, moMoraer
rpaHulle NPeoAoNeTh MOTEHUHAAbHEIH Gapbep, 3aKpensio-
Wi TPaHHIY, T. €. NPEONoJeTh NMOJe KO3PIUTHBHOCTH.

VYyer HEOJHOPOIHOCTEH, 3AKPEIISIOUINX I'PaHHILY, MOXKET
GBITh OCYLIECTBJIEH PAcCMOTPEHHEM HeOJIHODPOMHBIX MoJIek
h(y), Bxonamux nox uurerpans B (2.20). Ypasuenus (2.22)
B TOM c/yyae HMEIOT BHJ OCUHJISATOPHHIX yPaBHEHHH H cO-
Jlep:KaT yNpyrHil ujieH, ONpefeNsIOUIUH DPEe30HAHCHYIO ua-
CTOTY ®o-

Pe3oHaHc jOMeHHBIX rpanuy B mnactiHe LIM]I-maTepu-
ana uccnenoBadcsi, Hanpumep, B [56]. Ero uactoTsl pac-
nosioxensl B o6aactd npumeprHo 100 MIu. PesonancHbie
H3MepeHHsI ONPefe/sioT He TONBKO o, HO H IapaMerp 3a-
TyxaHus o ¥ no (2.18) mogBHKHOCTE M.

3amerum, uto corjacHo (2.22) nose B miockoctd BT,
NePNeHAHKYAsIPHOE JIErKOH OCH, He BJHMSeT Ha CMelleHHe
rpanuusl. B [55] nokasano, o1HaKo, YTO NPOCTPAHCTBEHHO-
HEOJHOPOAHBIE NMONS Ax(Y) MOTYT NDHBOIHTL K CMEWICHUAM
TPaHHLEHL.

B o6uemM ciyuae feiictBHe c1aGoro BHEIIHErO MarHHT-
HOTO TOJSi He CBOAMTCS TOJNBKO K CMEUIEHHSM NOMEeHHOH
rpaHuubl, onHchiBaeMbiM ypaBHenHsaMH (2.20). [TepemenHble
noJA BO3GYKAAIOT TakkKe CBA3aHHbE KONEOaHHs HaMarHH-
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[image: image30.jpg]YEHHOCTH BO BceM 06paslle — CMHHOBbIE BOJHBL Ilociennne
He TOJNbKO NMPHBOAAT K JOMOJHHTENbHOMY MOIOLIEHHIO 06-
PAa3IOM SHEPTHH BHELIHErO NOJIs, HO H NPH B3aHMOAEHCTBHH
C NIOMEHHOH rpaHHiell onpeeNsioT MEXaHH3Mbl PelaKCaluy
B Heli [58].

YKaxkeM B 3aK/IOYeHHe Ha XapaKTep Bo30yKICHUS] Mar-
HHTHO# cucTeMbl, cojepxkamelt BT B miaockoctn x0z, mox
BO3/lefCTBHEM BHelIHero MaruuTHoro noJst h(f) [54]. Tlone
h(y, t) npH J0GOH OpHeHTauKH BO3OYXKNAET KaK CMelleHHe
JIOMEHHO#l TPAaHHMIBI, TaK M CIHHOBble BOJHBL. ITpoctpaHnct-
BEHHO OfHOpOnHHle moas h(f) neficTByIOT clepyiowuM 06-
pasom: h.(f) BosGymnaer TonpKo cMmeutennss BAT [cMm.
(2.22)]; hx(f) — TONBKO CIHHOBEHIE BOJHBL, Ay (f) — cMelne-
HHUS TpaHHUB [cM. (2.22)] M OXHOBPEMEHHO CIHHOBHIE BOJ-
HBI.

B] Awnamuka BATr B maccusHom obpasue LLMJI-matepuana

IMonyuennsie B § 1.2 pernenusi, ONHCHBAOIHE THHAMUKY
BT, umelor orpannuenHblii xapaxrtep. Peurenne Yokepa
CIpaBeNIMBO B MOCTOSHHBIX MaTHHTHBIX NOJSIX, HANPAaBJIEH-
HBIX 110 OCH aHW30TPONMH ¥ HE NPEBBHIAIOIHX NpPeleabHOe
snauenue (2.15). Peakuuio BJII' na mnpousBo/ibHOE mOJE
H(r, {) M0XHO HaliTH TOJBKO B JIHHEHHOM NPHGJIHKEHHH,
ONHCHIBAEMOM ypaBHeHHsIMH (2.20).

IMonyuuts pemenue, omuchiBaiollee nuHamuky BT Bo
Bcefi obnacTH BHeWIHUX moaeit H,(f), ymaercss numb Ans
MaTepHaoB ¢ GO/bIHM 3HaueHHeM g-(akropa [57].

Pemtenyie ypaBHeHHI IS JBHXKEHHS HaMarHHYEHHOCTH
(2.11) orbickHBaeM npH ¢=q(f):

6’ =sinf [ . My sin2¢ —|—a<p]/y'(t);
¢ sind - agh’ — u,H, (t) sinf=—1 (Ksin 20— (2.24)
—2A6"+%M‘sin205in’<p). |

Tockoaeky 6 &6_2 ~ K/A, TO mocllelHuM uJeHOM B

NPAaBOil 4aCTH BTOPOTO M3 ypaBHeHuit (2.24) MOMKHO mpeHe-
6peun [58]. B pesyabrare monyuum:

sin 8=ch—! [ (y—y (£))/63]. (2.25)
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Iast @(¢) u y(f) uMeeM ypaBHEeHHS ABHIKEHHS TPAHUILBL,
nosyyentsie B [57]:

¢ — 5 y="wH. () \
.8 (2.26)
Y8, — ap =12 My sin 2. I

Cucrema ypaBHEHHiI B 4aCTHBIX MPOH3BOAHBIX (2.11) Te-
nepb CBeleHa K cHCTeMe OOBIKHOBEHHBIX HH(epeHuHamb-
HBIX ypaBHeHH# (2.26) — ypaBHenuit C/oHYEBCKOTO.

B oranune or pelueHHs YoKepa 3TH ypaBHEHHs olpeje-
NS0T TPHOJMKEHHbIE DelleHHs, He YUYHThIBAIOUIHe CXKaTHS
JIOMEHHOH I'DaHHIbL.

PaccMOTpHM IIOCTOSIHHBlE BO BpeMeHH moas H,=const.
HWs (2.26) BuiHO, uTO CTauHOHapHOe pemeHnHe ¢ ¢=0 cy-
LIeCTBYeT JIHIIb B TOM CJyyae, KOTJa 3HaueHHe NPOJBHIal0-
LWero noJsi JIEXHT HHMKe YOKepoBcKOro mpenena [cM.
(2.15)] H.<Hy. 3t0 pewenne (2.26) npuBOAMT K IOCTOSIH-
HOil ckopoctH mponBHxenusi BT u, ecrecTBeHHO, coBma-
naer ¢ (2.13)—(2.17) npu g—>-oco.

Ecnu xe H;>Hyp, TO CTallMOHapHOE pellleHHe, XapaKTe-
pusyemoe =0 i MOCTOSHHOH CKOPOCTHIO NPOABUKEHHS
BT, ue cywecrsyer. Hecraunonapuoie peurenus (2.26)
¢ HayaabusiM ycsoueM @(f==0)=0 umeior Bug [57]:

cthe(t) =H- 4 VA Lot (ML VE-_ 1),

H< 1; (2.27)
clge ="+ V 1—Hem(Bely/ 1),
A>1. (2.28)

Cornacuo (2.27) Bpems Bbixoga BJIT Ha cranHOHapHBIA
pexXuM Bo3pacTtaer C NPHOJMKEHHEM K Npefeldy YoOKepa.
B nocrosinnom none H,>Hy, BT coBepiaer cl0XHOe ABH-
JKEeHHe: OHAa MOCTYNaTeJbHO ABHXKETCH BAOJbL OCH Y, OJHO-
BPEMEHHO COBepuiasi OCLUH/VIATOPHOE ABHKEHHE.

Vepennenne ckopoctd BT 1o nmpeuneccHOHHOMY ABHKe-
Huio yria ¢(tf), onuceiBaeMoMy (2.28), MpHBOHT K Cped-
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[image: image31.jpg];elﬁﬁcxopocm npoaBsukenus [57], uso6pamennoit na pue.

y‘/vwzl—%[fljt - ] (2.29)

H+ Ve —
rae Vo= %"— Mysg,

B obnactn B> 1 umeem:
y=p*H,; p*=aypl,, (2.30)

Sq;q)exsmsﬂaﬂ MOJBHXHOCTb TPAHHLBI B 0GJACTH CHJIb-
HBIX TOJICH N1aJ1a€T 110 CPABHEHHIO C MOJABHKHOCTBIO B 06Jia-
CTH CTALHOHAPHOTO PeKHMa B o? pas.

3aMeTHM, uTO UHCJIEHHBIE PACUeTH, OCHOBAHHBIE HENO-
CPEACTBEHHO Ha pewleHun (2.11) [53] npu Gombwux dak-
TOpax KauecTBa ¢, NDHBOAAT K De3y/AbTaTaM, COBNAAAIO-
WHM C pemenusivu (2.26).

Herpynno npoBeputs takixe, uto mus HeGonbiunx yIJI0B
¢ ypaBHeHHS (2.26) CBOASTCS K YDABHEHWIO JIHHEHHOTO
npubanxKenns (2.22).

Hnrepecno paccMoTpers mpesesbHbIH cayvaii (2.26), co-
OTBETCTBYIOWHI OTCYTCTBHIO 3aTyxanus (e=0). dtor cay-
Yal MOXeT HMETh pPeaJbHOe 3HAUeHHe MPH YacTOTAX BHEII-
Hero noyis @, GONIBIIMX XapaKTepHBIX YacToT, CBA3AHHBIX
€ Juccananueil SHeprud oypoM~<105~+-107 ¢c-!. Torga cucre-
Ma ypaBHeHHH (2.26) uMeeT TOuHOe pelueHHe:
P=ruof:t+qo;

Y (0= 85— cos [2(mH.t + 9] + 5.+

3y M
+— F;cos 2¢,,

TAe o, Yo— COOTBETCTBYIOU[HE HAYAJbHbIE 3HAUCHHS.

Ipu manbix BpemeHax TH BEIpaXKeHHS COBNALAIOT C CO-
OTBETCTBYIOIULHM  DeleHHEM  HHePLHOHHOTO  YpABHEHHS
(2.26); ommako mpH GOMBLIMX BpeMeHaX HAGJIONCHHS Bbi-
ACHACTCA, 4TO IPAHHUA NPH OTCYTCTBHH 3aTyXaHHSI COBep-
WaeT JHUMb YHCTO KoJebaTesbHOe ABHMKEHHe OTHOCHTEbHO
TMOJIOKEHHS PABHOBECHS. 3aMETHM, YTO pelleHHe NpHOIH-
MEHHBIX JIMHeHHBIX ypaBHenHuil (2.26) He npuBOAHT K 3ITOMY
sbodekry.
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Tpeabinyulee paccMOTPeHHe GBIJIO OrPaHHYEHO HYJIEBBIM
npuGIMKEHHeM NO napaMerpy manoctd ¢-'. IlpunuHMnHa€DL-
HEIl MHTEpec MpejcTaBiseT PACCMOTPeHHe NHHAMHKH ILIO-
ckoit BT, yuuThiBalollee MONMpaBKy NEPBOro NOpsAiKa Mo
napamerpy ¢! [568]. B o6nactn Brewmnux noueit H,>Hq/2,
rne H, — nose ognoocHoii anusorponuu [em. (1.7)], BAT,
JIBHXKYLIAsACSt B COOTBETCTBHH ¢ 3akoHoM (2.30), HaumHaeT
H3JIyYaTb CIHHOBble BOJHBL ITOTOK CNHHOBBEIX BOJH YHOCHT
u3 BT suepruio, coobllaeMyl0 e NMOCTOSHHBIM BHEUIHHM
MarHUTHBIM nojieM H,, ofecrneyHBas IMCCHIALHIO SHEPrHH.
IMoenensisi MOXKeT OGECNEeUHTh IOCTYNATeJbHOE JBHXKEeHHe
JIOMEHHO# T'PaHHIBI Jaxe [IPH NOJHOM OTCYTCTBHH «Hayalb-
HOro» 3aryxanus a=0.

B o6aactu noneit Hy<H,<H,y/2 spdexTnBHAs TOJLIH-
Ha BJI' yBennuuBaercss 3a cueT H3MeHeHHS O6JIOXOBCKOro
3HaueHHst mojsipHoro yraa. dddexrusnas tomuuna BIAT
B 3TOH 0O6JIACTH DAcTeT N0 Mepe NPHUGIMKEHHS BeJHUHHBI
H, x Ha/2 cuu3y.

JHust ypaBHenuit CiionueBckoro (2.26), BEIBeJEHHBIX AJIst
g>1, THIHYHBIM SIBJSIETCS HaJMyHe HECTalHOHAPHOTO [BH-
JKEeHHsI TPaHMIBl, XapaKTepH3yeMOro Ipeleccueii asumy-
TaJbHOTrO yraa ¢ () u 3akonom asmkenus (2.30). [TonoGuoe
pellleHHe, OTIHYAIOILEeCs OT pellleHHs YOKepa, MoxkKer GhiTh
MOJYYEeHO W B paMKax TOUHBIX ypaBHenuii Jlampay — JIud-
wuua [50].

Paccmorpum ¢eppoMarHeTux, CofepKalluil 3apsiKeH-
HyI0 JOMEHHYIO T'PaHHMIY, IJOCKOCTb KOTopol x0y mepren-
nukyasipia OJIH, rak utro M=M(z, t) a M,(z=zo00)=
=M. Bce BKnaJsl B 3HEPruio, 3a HCKJIOYEHHEM MarHHUTO-
CTATHUYECKOr0 YjeHa, COBNAZAlOT C IPEeJCTaBJeHHBIMH
B (2.11). Marnurocratuueckas HEprus, OJHAKO, HMEET BHI
noM2[2=M? cos?Opo/2. Takum 06pas3oM, mocleiHHH uJIeH
B NPaBOil yacTH nepBoro u3 ypasHeHuit (2.11) oGpamaercs
B HyJb, @ YETBEPTHIil YIeH B NPaBOil YaCTH BTOPOrO ypaBHe-
HHS CTAaHOBHTCA paBHBIM —woM?sin 20/2. Ilpeanoaoxus,
ut0 @=¢ (), IPUXOAHM K TOYHOMY pCUICHHIO ypaBHEHHil
Jlangay — Jludpmuna:

cos 8 =th(Z/d'); sinf=-ch~"(Z/¥'); Z=2—q(t);
o= uH. (0)/(14a); (2.31)
q (t)= ad"{u,H, (0)/(1 4 o),

rae wupuHa rpanuubl §'=(A4/ (K—poM2/2) )12
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[image: image32.jpg]YKasaHHOe pellleHde B OTJIHYHE OT pelueHHs Yokepd
cnpasenuso npu H,=H,(t) 1 He uMeer NpeeabHOro 3Ha-
ueHHs cKopocTd. MHTepecHO, 4To rpaHuua obaaiaer HyJe-
Bo# Maccoi. [ToxoGHble TPaHHIBI BCTPEYAIOTCH, HANpHMep,
y TalE H]ashlBaeMHx «HECKBOBHBIX» LHIMHADHYECKHX HOME-
noB [14].

r) T'mpockonuueckas cuna

PaccmorpuM HekoTOpHle 06ILIHE CBOMCTBA paclpepese-
Hus Hamaruuyennocts M(r, {)=M(r—r(¢), {) B auHaMu-
YEeCKOM acCleKTe, rae r(f) maer 3aKOH U3MeHEHHs] HAMarHH-
YeHHOCTH BO Bpemedd. OTMeTHM, 4YTO B JajbHeHIIeM OCb 2
OyAeT HanpasjeHa IO OCH aHH3OTPOIHH NEPIEHIHKYJSIPHO
IVIOCKOCTH IIEHOYHOro 006pasua, HMEIIEero TOMIHHY h.
Jomennas rpannna pacnosoxeHa B miockoctu x02, Tak
UTO Y ABJSIETCS HOPMaJbI0 K ee IUIOCKOCTH. ¥YTabl O(r) u
¢(r), ompejeisiollke HampasieHHe HamarHuyenHoctu M,
HampasJieHbl corsacHo puc. 1.2.

Uro6bl BHISICHHTL XapakTep CuJ, AeHCTBYIOLMX HA yKa-
3aHHOE pachpeae/eHHe HAMAarHHYEHHOCTH, BHIUHCIMM COOT-
BETCTBYIOIEE eMy H3MEHeHHe KHHeTHUeCKOi sHeprum (2.9).
Koadounnents: nepex 8r(¢) (n3ameHeHne 06OGIIEHHBIX KO-
OpAHMHAT) B COOTBETCT3HH C OOIUHMH NPABUIAMH MEXAHHKH
onpenensior 06061eHHble CHABL Pe3yabTathl, KOTOpble NPH
9TOM OyayT MOJNYYEHBI, MPHBOAAT K IOHSATHIO FHPOCKOIHUE-
CKHX CHJI, CYUIeCTBEHHOMY /st BceH auHamuku LIMII.

O6mee BEpakeHHe NI BAPHALHH KHHETHUECKOH IHep-
ruu [em. (2.9)] Moxer ObITh MpeACTaBJEHO B BHIe

M (I ..
8T = - [ sin B3¢ +¢ sin 036]; } (232)
8T =T, 18T,
B KOTOPOM
8T, %A—[(Vef)sinﬁ&p—f—(ésinﬂ(vﬂﬁr o (2.33)

YUHTHIBAET H3MeHeHHe §@ 3a CYET RBHOH 3aBHCHMOCTH OT
BPeMeHH H

T, = i:i sin 0 [[y0Xve] X 1] 3r (t) =f,5r (1 ©2.34)

B CHJY 3aKOHa JABHKeHH: T (f).

Ecau umeer mecro NpOCTOE OAHOMEpHOEe pacnpeje/eHHe
HamarsuyeHHoctd tuna (2.12), to 8T, ToxAecTBeHHO oGpa-
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ngaercst B Hyab. Bapuanus 6T, BMecTe ¢ BapHalUAMH IJIOT-
HOCTH 3HEPTHH 0W H WIOTHOCTH QYHKUMH aucchnauun OF
B COUETAHHH C YPABHEHWSIMH IBHKeHHs (2.7) mosBoJser me-
peliTH K ypaBHEHWAM JUIS HaMarHHYEHHOCTH, KOTOpHe pac-
cMoTpeHsl B § 1.2.

Beanunna 67T, Kak BUAHO u3 (2.24), oT/HMYHA OT HYyJs
TOJILKO B TOM CJIydyae, KOTAa pacnpejeneHne HaMarHHYeHHO-
CTH 3aBUCHT OT BpeMmeHM, T. e. I (#)%£0, n mo kpaiiHeit Mepe
OT JBYX NPOCTPAHCTBEHHBIX KoopauHaT. Beanumnma fg
B (2.34) HOCHT HasBaHWe MJIOTHOCTH THPOCKOMHYE-
CKOH CHIBH.

Tupockonuueckasr cujla paBHAa HYJIO NPH OMHCAHHM JH-
J{amukn BJT miockoi GopMbl MM KaKHX-IHGO APYTHX
OJIHOMEPHEIX pacnpeleseHHii HamMaruuuenHoctd. Hauanuue
T'HPOCKONIHUCCKOH CHJIBI TPHBOJHT K TOMY, UTO TIDH JABHIKE-
HHHM JOMeHHOH TpaHuubl Haxoasuivecs B Heit BBJI, TBJI
M/ KaKHe-TO HHble BO3MYIUEHHS HaMaTHHYEHHOCTH TaKKe
NPHXOISAT B JBHMKEHHE.

Hunamuxa BBJ

O6patumcst k juHamuke BBJI (cm. § 1.2) B muiockolt gomeHHOMN
TpaHHIe, ABHXKYlleHCs TMOCTYMAaTeNbHO TOJ NefCTBHEM BHEUIHEro Mar-
HHTHOTO mosst (puc. 2.2). HamomHHM, YTO efHHHYHAS MOJOXKHTENbHAS
BBJI pacnonoxena BIoab, ocH 2 B maockoctd, BAT x0z n ommcuiBaercs
Bupaxennavi [em. (1.47)]:

x— £ —x ——
slmp:ch“Tﬁ; cos g = th=—p “; A =V 24/, M,

rae A —ronmusa BBJI; A — KoH- M
cranta o6Mena; 0 (y) — monspusi ”21
yrod,  ONpefensieMbili  H3BECTHBIM I
GOXOBCKMM  BhHIpaKeHHeM sin O= | &
=ch~!(y/8z).

B ILIM[I-vaTepnane  CONIacHo v P
(1.44) BBJI okasbiBaeT JHIIb CJa-
Goe BiusiHHE Ha 0, KOTOPEIM B fiep- \
BOM TIPHO/MIKEHHH MOXKHO TNpeHe- =7 7 | X ~ = = J { \ =~=M
Gpeus. R N

C nomompio (2-34) u npusesen- F &
HEIX BHIlUE BHIPaXKeHHH MO)KHOﬁO).le- Vy T\
HHUTb JeHCTBHE THPOCKOMHYECKOH CH-
ne va BBJI. Ha pOCHOBaHHH (-3 ==rd b N ey ANM
H HCTONb3ys cBoficTBa O H @, moay- N
yaeM BbipaxenHe i obbemHOH  Puc. 2.2. [pmxenne BBJI nox
TWIOTHOCTH THDOCKOMHUECKOi CHIBL,  sieficTBHEM TMPOCKOMAUECKOIl CH-

neiicteylomeit na BBJI, B Buze B
M,
2y
fo.x=%"y 7Yy sin? 8 sin ¢, (2.35)
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