[image: image1.jpg]Ecin BAT asuxkercs co ckopoctbio §(H (f), To rupockomudeckast
cuna npusoaut BBJI B aBHiceHHE B NJOCKOCTH TPAaHHIB BAOMbL OCH X.
3rakd B (2.35) COOTBETCTBYIOT IUIOTHOCTH TIHPOCKONHYECKOH CHJIBI,
JeficTByolIeli na nonoxuteashyio BBJI (@ =sin ¢/A) u Ha orpuua-
TesbHylo BBJT (¢ sin @/A).

Hnrerpupys (2.35) mo xoopamHaTaM X H Y, NOJyuaeM JHHEHHYIO
IIOTHOCTh THPOCKOMHUYECKoH cuJbl, AeficTBylomeir Ha BBJI. O6o6uwenne
(2.35) Ha cayualt MpoOM3BNJIBHOA OPHEHTALWK JOMEHHOH TpaHHIbI B TNIO-
CKOCTH IUIaCTHHbI NPHBOAHT K JIHHCHHON MNOTHOCTH THPOCKOMHYECKOH
CcHJIBI, JeficTBylomedt na BBJI:

%M .
Fo=TF ([l (2.36)

The n, — HopMadb Kk maockoerd LIMJI-miacTHisl; T — CKOPOCTb AOMEH-
HOM TPAHHMIILl B TVIOCKOCTH TJIACTHHEL.

TlpuBeeHHble PACCYIKAEHHS, OCHOBAHHBIE Ha TOJCTAHOBKe MPOGHBIX
GyHskuuii B obulee Bbipaxkenue (2.34), MO3BOJAAOT ONpPEEMUTL XapaKTep
cnai, geicrylomnx ma BBJI. [Jlas onmpenenenus 3aKoHa JBHXXeHHS
BBJI Heobxomum yuer BapHauuii kuHernueckoil sHeprum [em. (2.33)]
H BapHaUWH INIOTHOCTA 3Hepruu @ [em. (1.26)] u dyHkuMm gHcCHNamuH
[em. (2.10)].

Hcnons3yst Tounbie ypaBHenust Buia (2.3), pacemotpum BT, co-
nepxautyo cucremy BDBJI oamoro 3naka. B jpannom caydae (2.3)
npunuMaer Bua (2.11) # orTimuaercs Juulb HaJHuHeM OGMEHHOTO BKJa-
na, mpomopuxoHaabHoro 92/0x2. Henoas3yst cucremy Hepasexcts (1.44)
n npenebperas ciaGoit saBucumocthio 8p(x) [em. (1.48)], mpuxommm
K CHCTeMe YpaBHeHHH, CIpaBeMMBEIX C TOYHOCTHIO [0 NOMPaBOK g~ !
Peutenrem 3TOi CHcTeMbl sBAsIOTCs Bhipaxenns [60]:

=0 @—y®); ¢=¢(x—x(1);

L me
o e 2= iy Mo

(2.37)

rae 0o numeer Bug (1.35), a n— uucao BBJI Ha eAMHHIY AJHHBI Tpa-
HHIBI, BHIPAXKEHHOE B eIHHHUAX IT.

Cornacio (2.37) ckopocth JOMEHHOH TPanHMIE, CONepialledl MIOT-
Ho pacniojioxenHsie BBJI opHoro 3Haka, magaer B 0% pas 1O CpaBHe-
HHIO €O cKopocTbio npoctoli BAT B ofnacTd CTalMOHAapHOrO NPOABHNKE-
uns [em. (2.18)]. B oGaacti cuasubix moueli rpanuna ¢ BBJI Bemer
ce6s, kak npoctas BJI [em. (2.30)]. Ckopocts nepemeienus BBJI
onpejesiercss mo (2.37): 3HaK MHHYC COOTBETCTBYET CHCTeMe IMOJIONKH-
Teabbix BBJI, nuoc — oTpHiaTennsHoi.

CKOPCTH X COOTBETCTBYET NpeleccHsi HaMarHHYeHHOCTH B rpaHuie:

(1) =vmoH.1/(14-a?). (2.38)

DKClepHMEHT T03BOJISET 3aMeTHTh obcyxaaBwnecs 3ddeKTH H
KaueCTBEHHO MOATBEPAHTH cooTHomenus (2.37) [61].

A) AvHammKa CKpyYeHHOH rpanuubl B LLM[-matepuane

O6paTuMcst Teflepb K H3Y4eHHIO AMHAMHKH CKDYYeHHOH rpaHUIbl
[22]. Kak yxe ykashiBanoch B § 1.2, Boamyuienns nonspuoro yraa 6
B cuay GO/BUIONO 3HaueHHsi ¢-(akTopa HeBeNMKH, H MMH MOKHO mpe-
HeGpeds. 3ajaua, TaKHM 06PA3OM, CBOAHTCA K H3YYEHHIO IMHAMHYECKHX
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YPaBHEHHUiT JIA CKOPOCTH JIOMEHHOM rpanwill M CKDYYEHHOTO asHMYy-
TaNbHOTO yraa Y(t), @(2, t). BeaMOXHb ABa THNA SHEPreTHUECKH SKBH-
BANIGHTHBIX CTATHYECKHX DaCMpele/enuii a3sHMyTaJbHOTO yraa @(2) (cM.
puc. 1.7). Buio ykasaHo TakiKe, uTO BOBMOIKHBL nepexonsl MeXay
STHMH IBYMS THNAMH CKPYUEHHBIX TPaHHIl — rOPH3OHTANBHBIE GJOXOB-
CKHe JIHHHH.

3amumenm ypaBHemis, ONHCHIBAIOMMe RWHAMHKY TUIOCKON rpaHHIBI
B miacthHe ¢ yuetom noas (1.49) u oGoGmammue ypasrenus CiaoHges-
cKoro (2.26), mpeanonoxus, uTo

8=60[y—y(1)], o=0(z 9. (2.39)

Inotocts sweprun umeer Bua (1.50). Onnako mpn BapbUPOBAHHY
(1.50) crexyer yuarmsate Bkman Biemmero moas —poMH, cos 0, cme-
IWAIOWero IOMEeHHYIO rpanAny. [l KuHeTHYeCKof SHeprum (2.9) yurem
Bapuaumio 87y [ew. (2.33)], kortopas onpemenser cooTBeTcTBylomue

TPOH3BOLHEIR 110 (@ H Y OT KHHETHIeCKOH SHepruu. [ToBepxHOCTHAS MIOT-
HOCTb 3TOH SHEPTHA

o (8T,) =

Mo )
iy [ —¥8 + 98 y]- (2.40)

Hcronpsysn oGbeMHyl0 IIOTHOCTH (DYHKUMM IHCCHTALHMH (2.10),
ONpEe/eNHM COOTBETCTBYIOMIHM MOBEPXHNCTHBIA BKIAN

aM8, 02
o (F) = YBI-LE+¢=]- (2.41)

VunrthiBast  (1.50) BMecte ¢ BRIamom npozBuraiomero noas H.
(2.40) u (241), no obmemy mpasnry (2.7) momyuaem ypasuenus BHJ-U;

..
Yolle = ¢+ 5~y ]

B
. . Y &2 !
y—apdp =gy [433/1 d_z; —2u, M8 sin g cos ¢ +- I (2.42)
+ mu,MH, () 3gsin ¢]. ]l

Ypasuenus (2.42) sBasiores cucreMol, 0600)
Curonyesckoro (2.26).) h OOGOHEIOIER: ypaRkEA

. Cucreme (2.42), kak u crcteme (2.26), cooTBeTcTBYeT crammonap-
HBIH DeXHM, XapakTepHayembit @=0 u JnHefiHof 3aBHCHMOCTBIO CKOPO-
CTH IOMEHHOR rpaHnusl ot moaa (2.18) [eM. mepsoe W3 ypaBHenuit
(2:42)]. TIpenenst craunonapHoro pexuma TIPOXBHIKEHHS OTPeIeNsioTes
Hccief0BaHHeM BTODOTO W3 ypasHemnit (2.42). Mccnenosamme (2.42),
mposesientoe B [26], nokasuiBaer, uTO CTAaUHOHAPHHUA DEXHM ABHIKE-
ZH; lcxpy't{elmou TPAHHILI OTPAHHYCH He VOKePOBCKHMH 3HAUCHUSAMH TPH

Y

Vo= 5 Mpolp; (2.43)
.M

by ="5a (2.44)
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Tlockonbky (akTop Kauecta g1 i coriacHo (1.81) mpeamouTu-
TeJbHBIE XapaKTepPHCTHUECKHe JUIHHBI [ BHIGHPAIOTCS MeHbIUHMH ejHH-
uel, To Tpexes CJOHYEBCKOrO DACIOJOKEH HHiKe Npesena Yokepa.
CpHB _ CTalMOHAPHOTO pEXHMa TNDONBUXEHHS NOMEHHOH TpaHHIb
B IIM[I-niiacTHHe NPOMCXOAMT NPH CKOPOCTSIX H MOJSAX, MEHBIIHX YOKe-
poBckux swauemmit [eM. (2.43) u (2.44)]. .

TIpH MaimX CKOPOCTAX MBHIKEHWS NOMEHHOH TpaHHUB f§, YAOB-
JeTBOpsiomux (2.45), BOHHKAeT Nepexoj MexAy yNOMHHABUINMHCA BbI-
e IBYMS SHEPreTHUCCKHMH SKBHBAJICHTHBIMH BETBSIMH pacnpefeseHHs
@(2), Kotoprit MoxHO TpakToBaTh Kak I'BJIL

Venosue, kBHBalenTHoe (2.45), MOXHO TNOJYYHTb H_B paMKax
BAPUANHOHHOTO NMOXXOAA C MoMOMbIo ToHaTHs T'BJI [22]. Mpenenbuas
CKOPOCTb [OMeHHOH rpaiunbl Vp # mpoaBHraioulee mnoxe Hp (npenen
CIIOHUEBCKOr0) ONpeNensioTcss Telepb BhipaxmenHamu [oM. (2.42)‘]’

v, H, 12 !
LA i —_—l2
Vo Ho~iVie k

rae

» (2.46)

6
= 2.47
Vﬂ =V ¢ )
"
6 11
=—= = Mu: 2.48
Hp wVZn v q h . ( )

Pasnnude 4HCJAGHHBIX MHOXuTeneli B (2.45) u (2.46) BosHMKaeT
u3-3a TOTO, uto (2.46) mMOJYyueHO TPAMBIMH METOAAMH BapHaUHOHHOIO
HCUHCMeHHs, TOTAa Kak (2.45) HCHonb3yeT OUEHKA C TOYHOCTBIO 10
@ THHHIIBL

TIpH CKOPOCTAX, MPEBOCXOASLIAX NPeesbiyio cKopocTh CioHueB-
CKOrO, pacnpefie/ieHile HAaMarHHYEHHOCTH B TFpaHulle TepsieT CTauHo-
HapHBA Xapakrtep. HecTauuOHapHEIe WHCKaXeHHs MNPOQHIS JOMEHHOR
rpaHMUB MPHBOAST K MajeHHIo MOJBHIKHOCTH, Tak ke Kak ams BJIT
3a yokeposckum mpenenom (cM. puc. 2.1,6). Cromuescxkum [22] Bbi-
IBHHYTO NpeNNON0XKeHHe, YTO JKClepHMeHTanbHo Halofamwlleecs Ha-
ChIlleHHe CKOPOCTH MPOABHMKEHHS NOMEHHOH TpaHHIUBl 32 Mpepenami
(2.45) (WaiuuMe «nJaTO> B 3aBHCHMOCTH CKOPOCTH JOMEHHOR rpaHHIULI
OT HATPSKEHHOCTH II0M1s1) CBA3aHO C KBA3HCTAUHOHAPHEIM COCTOSIHHEM
B OMEHHO! TPaHHIE 3a CYeT NPOUECCOB NOCJAeZ0BATENbHOr0 DPOXKIEHISI,
cmewenust u ynuutoxennss I'BJI. KauecTBenHble OLEHKH, HCMOJIb30Ball-
Hele B [22] A% 067acTH 3a IpE/leNOM YCTOHUMBOCTH, MPHBOJAT K Bhi-
PaXeHHIO IV CKODOCTH HACHILeHHsSI TPaHALBL BHAA

7

Vo=g7 Vpr (2.49)

rne Vp onpeneneHo mo (2.47).
Ha puc. 2.3 n306pakeH Xapakrep 3aBHCHMOCTH CKOPOCTH MpOABI-
xKeHust aovernofi rpanuusl B LIMII-niactiHe OT HanpsiKeHHOCTH BHCINI-
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Hero mos [22]. B Gosee CHABHHX MOAfX HACHINEHHe CKOPOCTH BHOBB
CMEHSIETCA ee pOCTOM.

C.nenyerr OTMETHTb, YTO HMEEeTCsl TOJbKO KayeCTBEHHOE COOTBETCT-
BHE H3JIOXKEHHHX Bhillle TEOPEeTHYECKHX npe}xﬂauneﬂnfa H SKCNepHMeH-
TalbHO HaGOZaeMHX KPHTHIeCKHX cKopocted. ITomuTKM <ymyuimieHHs»
onenkn Vo [23] npHBOAST K 3HaueHHAM CKOpoCTedl HachilieHHS Vo=~
0,3+-0,55V5, Tae Vp ompeneneno (2.47). OnHako monyyenHbie pac-
YeTHble NAHHbIE 3HAYHTENbHO OTJHYAIOTCH OT SKCTepHMEHTaNbHBIX.
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Puc. 2.3. 3aBHCHMOCTb cpesiHei CKOPOCTH AOMeHHO# rpammus B LIMJI-
TVIaCTHHE OT HANPSKEHHOCTH MOJA (B YCJOBHBIX eJHHHUAX) MO TEOPHH
Cuonuesckoro [22].

C TOYKH 3DEeHHS NPAKTHYECKHX NPHJIONKEHHH UYPe3BLIMAHHO BaXKHO
MOJHATb OGJACTH CTALLHOHAPHOTrO PEXHMa NPOJBHIKEHHS AOMEHHOR rpa-
Huubl [em. (2.45) u (2.46)] xak moxHo Bhiue. Bux Bhipaxenuit (2.45),
(2.46) monckassiBaer MyTH PACUIHPeHHs! O6MAcTH CTAUHOHAPHOTO DEXH-
ma. PenxosemensHsie depporpaHarthl (HamGosee WHMPOKO HCHOMB3YeMHIt
B Hacrosimlee Bpems LIM/I-Marepuan) SIBISIIOTCS MHOTONOAPEIIETOYHbI-
MU (eppoMarHeTHkamMu. B TaKHX BellleCTBaX MarHHTOMEXaHHUECKOe OT-
HOWeHHe B o6lieM Clyyae He DAaBHO CBOEMY 3HAQYEHHIO NS CIHHA CBO-
GoxHoro ssexTpoHa y=1,76-10"* Ka/kr. CnuH-opOHTaNbHbE B3aHMOEH-
CTBHSl HPHBOAAT K TOMY, YTO Yy MOXET 3HAUHTEJIbHO BO3PAacTH. B He-
KOTOPhIX €BPONHEBLIX (epporpaHaTax MarHHTOMEXaHHUECKOE OTHOLIEHHE
yBenuyuBaercst B 30 pa3. PacluspeHne 06JacTH CTauHOHApHOTO peXHMa
NPOABHXKEHUS! TPaHHUbl HaGMOAANOCh JKCIepuMeHTanbHO [62, 63].

TloBumenne ¥V, Momer OwTh JOCTHTHYTO TaKXKe  IyTeM
TIPHJIOXKEHUs NOCTOSHHOM COCTABJAIONeli MAaTHHTHOIO NOJS B IIOCKOCTH
nAenku [64] MM HCUONB30BaHHS MVIEHOK C BHIPaXKEHHOH OpPTOPOMGH-
yeckol aHH3oTpomuelt [65].

2.3. AMHAMMKA UMA

B nacrosmewm naparpade mpeicTaBienHs, paHee pas-
BHTHIE JUIS THHAMHKH IJIOCKOHN JOME@HHOH TpaHHUIBI, IpUMeE-
HeHbl K onucanuio nuHamukun LIMJI. Crarnka LIM]I 6wbuia
uccaenoBaa B § 1.3, m HIXKe HCNOJB3YIOTCS IOJNYYEHHEIE
TaM pe3yJbTaThl.
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[image: image3.jpg]a) PaguansHas gunammuka LUIMAL

Ilpex/e Bcero BHIBEAEM YPABHEHHS [ABHIKCHHS, ONHCH-
Baoul¥e pajuanbiylo AuHaMuky LIMJL ¢ yuciom 610X0B-
CKHX JIMHMH, DaBHHIM HyJMI0, S=I1, n naxoxsuerocs BO
BHEIIHEM NPOCTPAHCTBEHHO-OAHOPOMHOM noje H(f).

[TpeABapuTe/bHO pACCMOTPHM BBIPANKCHUS IS DYHKLUE
Jlarpanxka LuM}l u Auccanauun LIMJIL FllM}.l' KOTOpble Clle-
ayior #3 (2.6) u (2.10). MMeHHO HX B paMKaX BAapHAIHOH-
HOTO INOAXOAA CJIEAYeT HOACTABJSITL B ypaBHeHHs (2.7).

B xauectBe mpoGHLIX (YHKLH{ BbIGHpaeM:

. afp—rt
sinf=ch (%} (2.50)

e=0(t, B)=p (¢ B)-m/2—p, (2.51)
rie p —pajna/ibiasg KOOpjAHHaTa B ImockoctH LIMJI-mia-
CTHHBL, OTCUMTHIBaeMas oT uenrpa LIMJI; B— coorserct-
BYIOWu# NOJSIPHEL yrou; r —paguyc LIMJL; % — yroa, 06-
pasyeMHil BEKTOPOM HaMarHWYCHHOCTH M ¢ MOBePXHOCTHIO,
KacareabHOll K Gokosoil mosepxHoctn LIMI (puc. 2.4).
IpoussoaHas mo r OT NMOJSPHOTO yria B JAHHOM Ciyyae

o
paBHa 6'=-—8; sinB, NOCKOIbKY NpPOEKIHs HaMarHHYeH-

HOCTH [OMeHa Ha OCb 2 OTPHUATE/]bHA.

BriGop mossproro yria 0 B suge (2.50) cnpaBemuiuB
TOJNBKO JUIA TIOCKOH rpanuubl. OJHAKo HCNOAb30BaHHE
(2.50) aus xpyrosoi rpamuusl B LIMJI mpu ycaosun
r>ég (2.52)
NPHBOAUT K MaJIbIM OLIHOGKAM.

B cratuuyeckoM pexume
sueprus LIM/I onpenensnacek
BbipaxenueM (1.68), B koro-
poe BXOAAT IIOBEPXHOCTHAsS
sHeprusi rpanuus Ey, (1.56),
sHeprusi LIMJl B marsuTHOM
none Eg (1.58) u marauro-
CTaTHYeCKass SHePrusi Eye
(1.65). B nocaieHel He npuHA-
Maercs BO BHUMaHHE COCTaBJIsA-
1011251 SHEPTHsT MAaTHUTOCTATH-
ECKOTO [I0JI5T, BeJlyIast K CKPY-
yeHHocTH rpanuubl LIMJL,
Puc. 24. Cucrema koopaumar, I:IOMHMO MargurocraTiie:
cBssannan ¢ LIMJI, ckoit sneprun IIMJL (1.65),
68

B JMHAMHYECKOM peXHMe HeOGXOAMMO YUHTHIBATH COCTaB-
JISIOILYI0 MAarHHTOCTATHYECKOH SHePruH, CBS3AHHYIO € He-
BEITOJHOCTBIO BBIXOJa BEKTOPa HAMACHMYEHHOCTH M3 INIO-
CKOCTH, KacaTeJbHo#i K GokoBoii mosepxnoctn LIMIL. 3ta
cocrasJasiomas B mnockoit BT onpepensiercss (1.17) uxa-
paKTepH3yeT BO3MOXKHOCTb CYLIECTBOBAHHs CTAaUHOHAPHOrO
peXHMa NPOABHMKEHHS, a TaKkKe SBJAETCH CYyUIECTBEHHOI
B (hopMUPOBaHWK HHEPUHOHHBIX CBOHCTB XOMEHHOH rpami-
ubl. B 3ajauax ¢ UWIHHADPHYECKOH CHMMeTpHeif, K KOTOPbIM
orHocuTess 3afaya o LIMJI, MarHuTOoCTaTHYecKas 3HEprHsi

E =t S M2, dr = Zup hrd M? sin® ¢, (2.53)

rae 8p — tomuuna BAT; h— rommuna LIM/I<naacTtuubt.
Bapuanua sueprau LMJL Ejyy, 1O He3aBHCHMBIM Tiepe-
MEHHBIM r ¥ ¢ MMeeT BHA:

OE 0E, ,, OE
B e = b1 g br -5 b, (2.54)

or

rne E—osneprua LIMJL B craTtHuecKOM pexume [cMm.
(1.68)].

dueprus LIMJL (1.68) ne saBucur or yraa ¢. Hanom-
HHM, 4YTO JaHHBIH BHIBOJ SBJASiETCS NPHOJIHMKEHHBIM, IO-
CKOJIbKY IJIOTHOCTb OOMEHHOH sHepruu (1.4) s3aBucuT OT
yria . 9Ta 3aBHCHMOCTb NPHBOJHT K BKJAJy, IPONOPLHO-
HanbHoMy r~! [Bropoii uien B (1.4)], KOTOpHIi Mam TO

CPaBHEHHIO C IE€PBHIM WIEHOM, NPONOPHHOHANBLHHIM Of

B cuay HepaseHcrBa (2.52). Ecam uymcao BBJI B rpamnue
IIM]I HeBeNMKO, TO 3aBHCHMOCTb OOMEHHOH 3HEPrHH OT @
MOXHO He yuHTHBaTh (cM. § 1.3).

3anumem H3MeHeHHe KHHeTHUecKoi sHepruu (2.9) aas
LIMJI. BeiGop nmpoGubix ¢ynkuuii (2.51) obpauiaer B HyJb
THPOTPOINHYIO cocTaBisiomlylo (2.34); BapHauHsA KHHETHUe-
ckoit sHepruu LUMJL npu paguaJbHOH CHMMETPHH Onpejess-
erca toabko 8Ty [em. (2.23)]. Unrterpuposanue (2.33) mo
BCEMY NPOCTPAHCTBY, 3aHAMAaeMOMY MarHeTHKOM, NPHBOJHT
K BBIPaXeHHIO

M ; i
8T g = = Anrh (—rde - @dr). (2.55)

Yro6bl BOCMOJB30BAThCS (2.7) U MOJYYHTb yPaBHEHUS
papuanbHoil auHamuky LIM]L, Heo6xoxuMo HalTH QYHKIMIO
puccunanun LIMJL me, IVIOTHOCTh KOTOPOH Olpejesser-
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[image: image4.jpg]e (2.10). C TeMmu e NPHOJHMKEHHAMH, KOTOpbie GHUIH
npuHsTH panee, u3 (2.10) uHTerpupoBaHueM No oGbeMY
MarHeTHKa IOJyyaeM:

B e [7'— or +<};658§;] 2urh. (2.56)
B

3anumewm Bapuanuio PyHkuun Jlarpanxka LIMJL coraac-
HO (2.6) B BUIE
8Lymp =T ump — L 1pam,
rae 8Ty, 6E,_WU1 ONpefesIAIOTCS COOTBETCTBEHHO BhIpa-

Kennsivu  (2.55) u (2.54). Or (2.56), ucmomwsya (2.7),
NPUXOAHM K YPaBHEHHSAM, ONHUCHIBAIOIIUM paAHaNbHYIO JAu-

namuxky LIMJL [66]:
%}— =11, [H; () +H, 1)];

(2.57)

‘ (2.58)
;_B+aq; :‘*—2" My sin 29,
rne H,(t) —BbHelllnee MarHuTHOe moje, JeficTsylolee Ha

LIMI; Hi(r) —mone, peiicteyomee Ha rpamuny LIMIL,
onpesenenHoe u3 ypasuenus (1.70):

Hi=Hut e, (259)
rae

Ml Mh 2r
Hy=4% Hu=— (). (2.60)

Hccnedosanue ypasnetuii paduarbrol Gunamuru

Ecnu B cucreme (2.58) Hi=0, To 5TH ypaBHeHHs ne-
pexomar B ypasHenus CionueBckoro (2.26) njis miIocKoi
BIr. OueBuano, uto B npepene FH,=const, ypaBHeHus
(2.58) mnepexofAT B YPaBHEHHsl CTATHYECKOro DaBHOBECHS
Hopmasnbioro LIMJL (1.71); npu stom ¢ pasHo 0 uian 7.

Kak Bugno u3 (2.58), pamuanbHas auHamuxa LIM]JL
B nosie H,=const B o6leM ciyyae He HMeeT CTaUHOHAPHO-
10 peuMa, KOTOPHIfi XapaKTepH3yeTcsi NOCTOSTHCTBOM yria
@=0. DT0 BO3HUKAET B CHJIY TOFO, UTO C YUETOM 3aBHCHMO-
ctn Hi(r) ckopocrs rpanuusl LIM/L 7 ecth QyHKIHs BpeMe-
HH B yroJ @, TAKEM OOPa3soM, H3MeHseTCs BO BPEMEHH.

Opnuako ecau noje H; Majno mo CpaBHEHHIO C YOKEPOB-
CKHM TIpefieioM H caabo MeHsieTcst BO BpeMeHH, a yroa ¢
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Masl, To pasioxenne (2.58) mo ¢ mO3BOJALET MOJYUUTH
yPaBHEHHs] KBA3HCTAMOHAPHOH nuHamuku LIMJT:

r=—plH, () +H, O);

2 (2.61)
wMyp= 7
TA€ | — MOJBMIKHOCTb [OMEHHOH rpaHuusl [cM. (2.18)].

YpaBHeHns (2.58) Moryr GHITh ympoleHB s paBHO-
BecHoro LIMJI, Ha KOTOPEI/ XOMOJHHTEABHO K IIOJIO CMeLLle-
nust H peficreyer caaboe nepemennoe nose A, (¢). B mpexn-
TIOJIOKEHHH MaJIOCTH YIJIa @ JIHHeaPH3alHus cHcTeMbl (2.58)
TPHBOJHT K OCUH/ISITODHOMY YPaBHEHHIO NPH MaJblX CMe-
LIeHHAX paguyca Ar c ynpyroi 4actoroit wp:

oty = (M 20 [ 5, (Z)—4]- (2.62)

Hanomunw, uro So— dyukunst pamansuoii yeroftunso-
cri (1.75) n [—XxapakrepucThueckas [JMHa MarepHasad.
To Mcpe npuGaHKeHHs paBHOBECHOTO pajHyca K pamnycy
Kosuianca ro (So—I—0) ympyras uacrora coraacuo (2.62)
najaer, u B obuacru r<ro LIM]I Tepser YCTOHYHBOCTD.

OueHUM DE30HAHCHYI0 HAaCTOTy @ B THINMUHBIX LIMJI-
Matepranax: M=10* A/m, [/h=025, r~h, bp/r~=10-2-+103,
[Moncrapnsist a1 3uaueHns B BLIPaKEHHE JUIsi PE3OHAHCHOI
4acTOTHI, NMOJyYaeM:

©o=108-+-10° c-1,

Ecau wacrora BHEIIHEro moasd YAOBJIETBOPSET Hepa-
BEHCTBY

My?s,
v e, (2.63)
TO HUMEET MECTO YHCTO pejiakcauHoHHOe noBeneHue uMﬂ
e
B - e A = — s (0. (2.64)

Hcenenoanne $hasosoit miockocTu (p, r) ypasHenuit
(2.58), nposenennoe B [66] uncaenHbIME METOLaMH, NOKa-
3biBaet, 4to naxe aas LIMJ] ¢ S=1 saBucumocts obpat-
HOr0 BpeMEHH KOJJIANCHPOBAHHS OT H, He sBJAsieTCS MOHO-
TOHHOH.

OueHuM B KaueCTBEHHON (OpMe BJAHAHHe HCKAKEHHI
npocroit BAT na paananbHyio nuHamuxky LIMJI.

IMpu Gosbumx 3naueHHSIX papuyca LIMI poan BBJI
B pajMa/lbHON AMHAMHKE HE3HAUATEJBHA, H MOKHO OKH-
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[image: image5.jpg][aTh, YTO KBa3HcTalHOHapHas auHamuka LIM]L Gyaer omu-
chiBaTbCsl ypaBHeHHsAMH (2.61) ¢ H3MeHEHHBIMH 3HAYEHHAMH
XapaKTePHCTHYECKOH IJAHHBE [ W TIOJABMMKHOCTH TPAHHULI W.
ITo mepe ymenbuennsi paanyca IIMJL miotHocts BBJI
BO3pACTaeT, MOJBUKHOCTb NajaeT H ONPeNe/sercs BMeCTO
(2.18) nepBriM u3 ypaBuennit (2.30). 3amerum, yTo ypas-
Henust (2.61), cTporo roBops, HeMPHMEHHMEl B 06J1aCTH Ma-
JIBIX PajnycoB, IJie Hapymia-

nHp)2M ercsi ycaoBue (2.52).
TToHsiTHO, 4YTO He cojep-
xamue BBJI HopMasbHBIE
LIM] kosnancupyior GhICT-
pee MmaruuToxectkux IIMJL.
B6su3n BHIXO/IA TOMEHHOH
rpaunnsr LIIMJ] Ha moBepx-
HOCTh IJTACTHHBI BO3HHKAeT
3HAYHTeNBHOE TOJe paccesi-
HHSl,  aHaJ/IOTHHOe (1.49)
(puc. 2.5), xotopoe 06ycCa0B-
L | | JHBAET BEPXHHE TPaHUUBI A4S
0 0z 0% 06 08 10 cKOpOCTH H BHELIHEro I0Js
e 95, H ’ NpPH CTALHOHAPHOM peXHMe
Pue. 25, Hopuamyap x So%"  npoxsssenin tomentof rpa-
asomasi moas paccesinms, mpu- HHIbL, AHAJOTHYHBIE Nperenay
Boxfwas K ckpyuernoctn ero  CJOHYEBCKOTO [CM. (2.47) u
rpanuus [22]. (2.48)]. Mosenenne IIMJI 3a
nperenoMm CJIOHYEBCKOTO CBS-
3aHO ¢ NPOGJeMOH IUHAMH-
yeckoH KoHBepcHH M GyHeT paccmMaTpHBaTbesl jalee.
Hsmepenns paguannuoit ckopoctd [67] oGHapyKuBaroT
TOJIbKO KAUeCTBEHHOE COOTBETCTBHE C H3JIOXKEHHBIMH B Ha-

CTOsAILel TJlaBe NpPeJCTaBJICHHsMA.

3jech He PaccMATPHBAETCS CYLIECTBYIOLLAsi CBSI3b MEXK-
ny usmenendem panuyca LIMIL n nepememennem ILIMJ{

B IJIOCKOCTH IJIACTHHBI, 06ycr.oleem-raa CYyIIeCTBOBaHHEM
BBJI [59].

d/h=10,0

6) YpaBHeHWA TPaHCASAUMOHHON AuHaMHKM LIMI

Heuxenue IIMJ B neomHoponuom nose H,(x, y, t) ne
SIBJIIETCA, KOHEYHO, crauHoHapHEIM. CKOPOCTH MaxpocKo-

nndeckux mapamerpos LIMJIL 7, Ars, R (paauyca, mamoi
SMMMNTHYHOCTH H TOJIOKEHHS WEHTPa) He OCTaloTCa MO-
CTOSIHHBIMH BO BDPEMEHH.
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Hapsny ¢ ypaBHenusmu mast 7, Ar, u R Heobxoaumo
TaKXKe PacCMOTPeTh ypaBHEHHe, oNpejeJsiollee AMHAMUKY
BBIXOZ2 BEKTOPa HaMarHHYEHHOCTH M3 IIOCKOCTH, Kaca-
TeJIbHOH K GOKoBOii mosepxHocTs LIMI, 1. e. yroa ¢ (cM.
puc. 2.4). B LIM/l-marepuanax npu GOJbLUIOM 3HAYEHHH
¢dakTopa KayecrBa ¢ M IPH MaJbIX cKopocTax 7, A7, R mo
CPaBHEHHIO C TNpeAeNbHHIMH 3HaueHHAMu CJOHUEBCKOro
ypaBHeHus AJsi MakKpOCKONMueckux mnapamerpos LIMIL r,
Ar, R CTaHOBATCA He3aBHCHMBIMH OT V.

Jast craumoHapHOro pexuma ¢=0, U B KHHETHYECKOH

SHSPFHH CYLIECTBEH TOJBKO I‘HpOCKOHH'{ECKPKﬁ 4JIeH [CM¢
(2.34)]

T —— % sin 8 [[v0X ¢ XR] oR, (2.65)

rae R 1 R— coorBercrBeHHO KOOpPAMHATA H CKOPOCTb LeH-
tpa LIM]I B miockocTy miacTuHe; sin® onpexened (2.50).

I'panuna IIM]L oGiapgaer TeM 3aMeuaTelbHBIM CBOHCT-
BOM, 4YTO JeHcTBylomlasi Ha Hee coraacho (2.65) rupocko-
nuueckas cuaa fgz B o6lIeM ciyyae OTJHYHA OT HyJs.

OleHHM THPOCKONMYECKYI0 COCTABJSIOULYI0 JUIsi HOp-
mambHoro IIMJL (S=1), koraa =(n/2) +p. [laorHOCTH
THPOCKONHYECKOH cHJBI paBHa Koadduuuenty mepes OR
B (2.65). BoiuncieHnst ero naioT BhIpaXKeHHs

Msinfs, 08 b __ M sin®6
fpotltlily O b H iy

T P 8 (2.66
= M sin § M sin*h 66}
ey T s o

3amernM, yrto Aast LIMJL mpoTHBONOJOXKHOH HOXAPHO-
ctd, HO ¢ S=1, p=(—mn/2) + P BKIaA rHPOCKONHYECKOH CH-
Jbl He MeHsieTcs.

TlonHoe u3MeHeHHe KHHeTHYECKOH 3Heprum aasi LIMJL
nosnydyaercsi #3 (2.65) MHTErpHPOBAHHEM 110 MPOCTPAHCTBY,
sanumaemomy Marnetukom. C yuyerom BBJI nmeem:

T n = % onh (n 4 2) [n, XR] 0R (2.67)

rae n;—Hopmaab K mosepxHoctsw LIMJI-naactuus;; n—
uucao BBJL

3aMeruMm, uTO ecJM B IPaHUIe CYIECTBYIOT ABe OTPHIA-
TenpHble BBJI (n=—2, $=0), 1o Bxnax BBJI xomnencu-
pyer H3MeHeHHe HANpaBJEHHS HAMACHHYCHHOCTH NPH 06XO0-
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[image: image6.jpg]ne no nepumerpy LIMJI, u mosnHasi rHPOCKONHYECKas CHIA,

neiictByiomas Ha LIM]I, paBHa myio.
Takum 00pa3oM, IOCTyNaTeabHO nepeMeniaouHics

LIM/l umeer B oflieM cjayiae COCTaBJsIOLlHE CKOPOCTH,
napannenbﬂue H Hepl’leHIll/IKy.'lilprXe rpaauenTy TNpOABH-

raiouiero noJus.
Tlns noayuenuss ypasHennil asuxenus LIMJL Heo6X0-

umo sanucats sapuauun smeprin LIMJL (1.68) u dyrk-
uuu auceunauux (2.10).

Cocrap/siolue NOBEPXHOCTHOH sHepruu rpanuus Ew
(1.56) u marmurocraTnieckoit Ewc (1.65) ne saBHCAT OT
nonoxenus LIMJL B MJIOCKOCTH IVIACTHHBHI, B TO BPeMs Kak
sueprusi LIM/J1 B HEOZXHOPOXHOM MArHATHOM IIOJE Ep 3aBu-
CHT OT TMOJOKeHHs JoMena. B nose H.(x, y, {) BHpaXeHHe
A1 9TOil SHEPTHH HMeeT BHA:

2n r
E,=2Mhp., Sdﬁ SHE (X 4pcosB, Y-psing; t)pdo, (2.68)
0 0

rae X, Y —xoopaunarsl uentpa LIMJL panuycom r; h—

TOJNLUIUHA TJIACTHHBI.
Bapuanus (2.68) mocje nepexoaa B NOJSAPHEIE KOOPIH-
HAThl U WHTErpUpOBaHusd 1O 4acTsIM MOXKeT OBITh npexacTaB-

JieHa B BUJe

2m

0E oE (22

BE, = br -y 8X - - OF = 2Mhw, [S H, dgr +
0

2n 2n
+SH, cos@dﬁ&X—}—SstianBBY]. (2.69)
0 0

3ameruM, uTo coriacHo (2.69) AeficTBHe BHELIHETO nO-
Js1 B YKﬁE)aHHle HpHﬁJIH)KeHHﬂX CBOAUTCA K }leﬁCTBHlO Ha

rpannny LIMJL.
Bapuauusi AHCCHNATHBHOH (YHKUHH (2.10) pas LIMI

HMeeT BHA!

M i g
SFypyp =1 T5atv [B8-+ sin®tpbg]. (2.70)
v

Bropoe caraeMoe MpaBofi uacTH yPaBHEHHS Aaer Ma-
JBIH BKJAJ B AHCCANIATHBHBIE TNpOoUEeCcCH B CTalHOHAaPHOM

pexume (\15:0). 3aMeTHM, uTO BO3MOXHBI BKIax BBJI
nponopuuonaies A~Y, rie A — TOJHHA BBJI, u mMan no

74

CpaBHEHHIO co BKIanOM MepBOT'O WJIeHa, KOTOPEI mpomop-
uuonased 8z'. B wurore amccumaTHBHAs (YHKUHS HMeeT
BHI:

SF. ot dnrhM

=" [; o 4 (ROR 4-A7,5 (Ar'.))] ) (@71

l;l:pﬁzlz&iﬂ!z’l}iﬁbﬂo YUHUTBIBAETCA BKJAJ SJJIUNTHIECKOH ae-
Buipaxenue 1 BapHauun  QyHKuuu Jlarpamxka L
no-npexueMy wumeer BuL (2.57), roe 6Tumu onpenemel':"gg
(2.67) u B OE my» OTipefiensiemMofi (2.54), HeoGXoxuMO yuu-
THBaTh (2.69). Ypapuenne (2.7) npumer Bux [68]:
OLywn__ OFump
27V

(272

Bk it
. aHl:}l MarHUTOCTaTHYECKOH HEPrHH, JOKaJH30BaHHOH
H PaHule NOMEHa, I/ YPaBHeHHH, ONHCHIBalOmHX 7, R,
72, MaJl IO CPABHEHHIO C NOBEPXHOCTHON SHeprHeil JOMeH-
HO# rpanuust (1.56) B cuny Gonbworo sHaweHus g-GakTo-
pa. Takum 06pa3soM, B CTAUHOHADHOM peXHMe (1j1=0)
ypa;/;ﬂeﬂuﬂ Ans makpomapamerpos LIM]I ne 3aBHcsT OT
g’r:xe qle:r onz:meﬂﬂoﬁ BHIIIIe JIOKAJIbHOH MarHHTOCTaTHYECKOH
PrHH B Sypyy BMECTe C y4eTOM BapHauuH 8, B KHHETH-

4eckoll sHepruy (2.33) B NPHHUMIE NO3BONAET MOJMYUHTH
YPaBHEHHE JUIS yI/ia @ HJIH CBS3AHHOrO C HHM 1.

Takum 06pasoM, okOHUATENBHO NPHXOAHM K yDABHEHH-
AM, ONUCHIBAIOIUMM NHHAMHMKY MakponapaMerpos LIMJI npu
CKOPOCTSIX HX H3MEHeHHs HHXKe npefena CJIOHYEBCKOrO:

b ML | M 2
r——}t[—-y-f-?r—l"(.h_')_

2x
5 [ 8. (X f-reosp, ¥ 1 sing; 0]: @73)
0

2=

R=—2 [n,xR| — & H dgcos BH, (R+p; 1)+

2
o3 dp sinpH, (R-tp; t)]. (2.74)
0

s




[image: image7.jpg]B) LUnnuegpuueckue marHuTHsle AOMEHMI B none
NOCTOSIHHOTO rpagMeHTa

Tlepeiing K aHanusy caeicTsuit u3 ypasHenuit (2.73) u
(2.74), paccmoTpuM cayyail caabhX H3MEHEHHH BHELIHEro
noast Ha xuamerpe LIMJL d:

[H=]>1%!dz; }Byz [651‘12

. -
- | G| 2 (2.75)

Ecnu  xapakTepHbli pasMep HEOJHOPOJHOCTH IOJS
|VH,|[H,~)\"!, TO BO3MOXKHOCTb ONHCAHHS JHHAMHKH
1M ¢ nomompbio 3HaueHuit noas B ueHtpe LIMJI Bo3nu-
KaeT B cuJy HepaBeHCTB (2.75) u manoctd (d/A)% Panu-
aJbHOE ypaBHEHHe B 3TOM caydae npumer Bun (2.61) c H,=
=H,(X, Y). Unterpans or BHeuHero nojs B (2.74) mocae

pasnoxennst B psan Teitopa ceayres k
2%

ojdﬁ (ﬁ) H,(X+rcosp, Ybrsinp)=~wH, (X, Y).

(2.76)

llam-mMy npejesy COOTBETCTBYET JABHKEHHe B II0Jie IIO-

crosiHHoro rpanmenra VH,=const, kotopoe BHIGepeM
B BHAE

Hy—H—H'x. (2.77)

Ipn stom mpexpmonaraeM, yro LML nonxen aBHrath-
csl B MOJIOKHTEJIbHOM HaNpAaBJeHHH MO OCH X.

OueBnnHo, uro pagnyc LUIMJL B none (2.77) me Gymer
0CTaBaThCsi NMOCTOSIHHBIM, H JUIs NOJIHOTO PeIleHHs 3aJauH
Heo6X0ANMO YUHTHIBATh KAaK PaJHAJbHYIO, TaK H IOCTyna-
TeJHYIO CTeNeHH CBOGOJBI.

Orkaonenus LM 8 noase nocrosnnozo epaduenta

Jlist BBISCHEHHs BJHMSIHHS THPOCKOMHYecKuX 3¢dexTon
Ha AMHAMHKY MocrynartesnbHoro aswxenuss IUM]L mpenno-
noxum, uto paanyc LIMII dukcrposas, . e. r=const. [o-
GUTbCS 9TOrO MOXKHO, HANMPHMED, yBEJIHUMBAS MoJe cMelle-
Hus H, BO BpeMeHH TO 3aKOHY, ONpeJessieMOMy yBeJuue-
Huem pamuyca LIMJL npu cmellenuu ero B o6aacTb NMOHH-
JKeHHBIX 3HaueHuit noss [69].

W3 (2.74) caenyer, 4ro NpH ABHXKEHHH AOMEHa B noJe
(2.77) BO3HHKaeT THPOCKOMHYECKHH sPdeKr, cocTosmui
B TOM, 4T0 B obmeM cayuae LIMJL ucnbiTHIBaeT OTK/IOHEHHE
OT HaNpaBJeHHS QCH X.
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A6comoTHoe 3Havenne ckopoctn LIMJI, ompenesnennoe
mo (2.74),

V= ;/X*+Y'=WH'/l/ 1+[(’;+2>_**J’. @2.78)

YT

Yron orknonennss LIMJIL or HanpaBseHUs H3MeHeHHS
noJst ﬂ onpejeasaercs BBIpaXKeHUEeM

sing—| | =[1+ () T @

Ipu sKcnepuMeHTalbHOM onpejesneHdn 4ucia BBJI 7
4acTo HCHOJB3YIOT COOTHOLIEHHE

S=1+ g =p,yr*|H|sinp/2V, (2.80)

KoTopoe fABJseTCst caeicTBHeM (2.78) u (2.79).
IpuBeneHHOe COOTHOLIEHNE NOKA3BIBAET, UTO MHPOCKONH-
geckuit addekT Man, eciu Mana BeaHYHHA
(n+2)p.
€ 1. (2.81)
Bosnbmoe uucao BBJI n, Gonbinoe 3HaueHHe NOXBHK-
HOCTH | M ManocTh pagnyca LIM]L r cnocoGersByioT ToMmy,
4TO THPOCKOMHYecKHe cpofictBa LIMJL craHoBsiTcs 3Hauu-
TeMbHBIMH. B 3ToM ciygae HepasenctBo (2.81) Hapyuwia-
erca u LIMJII B mose (2.77) QBHAKETCH NMOYTH MePHEHIHKY-
JIIDHO HANPAaBJIEHHIO MPajiHeHTa MoJs. 3aMeTHM, 4TO B Op-
TodeppHTaX NMOAABIEHHE THPOCKOMHYeckoro addexra LIM]L
TIPOHCXOJUT He TOJNBKO H3-3a GOJBIIOTO 3HAYEHHS AHAMET-
pa ML, Ho u B cHIly OPTOPOMGHYECKO} aHA3OTPOMNHH, KO-
TOpasi BeleT K pacmpejiesieNnio Hamarhuyennocty B JT
¢ 8=0. Cnrenyer noMHHTb, OfHAKO, O TOM, uTo (2.74) cTpoO-
ro CIpaBeJJIMBH JHIIb MpH HeGoapunx guciaax BBJI. IMox-
po6HOe paccMOTpeHHe IMHAMHKH Tepemewenns LIMII,
CnpaBeaJuBoe NPH JIOOHX 7, MOXHO Haiity B [60].
Ormerum, uto B cratuke (cM. § 1.3) poas BBJI ompe-
nesssach Apyrum napaMerpoM [ (n+2)8g/2r]2, koropsiit
BEJIHK TOJIbKO Npu Goabitom unciae BBJI s rpanuue. B au-
HAMHKE e IHPOCKOTHYecKHH 3DHeKT MOXKeT HPOSBJISTHCS
d npu HeGonbux uyucaax BBJI, B wactHoctH mpu n=0,
S=1 (nopmassunit [IIMIT). Cayuait n=—2, S=0 spaser-
cs ocob6biM. Mamenenne yria ¢ Ha 2; npu o6xome IIMJ
1O MEepUMETPYy TrpaHuubl KomneHcHpyercs nsyms BBJI. Ta-
koit LIM/] He oOHapy:KHBaeT rHPOCKONUYECKHX CBOHCTB H
He OTKJOHSeTCA OT JIHHHH IPajHeHTa BHEIIHero moJst. Tak
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[image: image8.jpg]xe Bener ce6a ¥ LIM]I, 1y KOTOPOTO BHIMOJHSETCS YCJIO-
Bue (2.81). 3amernm, uro IM/L ¢ n=0 koanancupyer Gbl-
cTpee mo cpaBHeHHIO ¢ Marumroxectkumu LML ¢ n=0.

Ipu BuimosHenun ycaosus (2.81), a Takxke npu n=—2
nuHamMuKa nepemeileHnss LIMJL onuceiBaeTcsi ypaBHEHHEM

X=,.rH'_—*;—AH—p%H¢§, (2.82)

rae AH — n3MeHeHne BHelHero moJs Ha guamerpe LIMII.

Ion moneM KospuuTHBHOCTH H. NOHHMAIOT NOJeE, BO3-
HHKawpllee H3-3a HECOBEPILUGHCTBA KPHCTAJNJIAa H NPEHSTCT-
BylOLlee NBHIKOHHIO JNOMEHHOH rpaHulbl. JloMeHHast rpaHH-

4 I

Hg T
- K#(”V z
T

_ umg —Hg \ — Vf

) - =

Puc. 2.6. [Tone xospuutHsHOCTH [, MPENATCTBYIOLEE MOCTYNATENLHOMY
nemxennio LML,

Ila HAYHHAeT CMeUIaThesl, KaK TOJNbKO BHelIHee mose H jo-
CTHraeT BEJHYUHBI Hc; B IpolLecCe ABHXKEHHS Ha rpaHumy
neficrsyer mone H—H. Ha npaktuke oGblYHO TpeGyercs,
utobH H. <5 A/m.

Ka'XeCTBeHHD 10JIS1 KOSPUHUTHBHOCTH MOXKHO Y4YeCTb (CM.,
HanpuMep, [14]), BBens moas H., HanmpaB/ieHHblE, KK yKa-
3aHO Ha pHC. 2.6.

Cornacro (2.79) yroa otkaoHenus LIMIL ot nuuuu rpa-
JHEHTa BHeUHero nonas npu 3aJaHHOM panuyce r ecTb
auckperHas ¢yukuus uucaa BBJI n. IIuckperHble 3Haue-
HHSL YIMIa OTKJOHEHHH, COOTBETCTBYIOUIHE LENBHIM YeTHBIM
uncnam BBJI n, nabmonatores ne Beerna [70]. Mutepnpe-
TALKIO 3THM Pe3y.bTaTaM MOMKHO AaTb, HCXO[S H3 ONMUCaH-
Horo B § 1.2 npeacTaBieHHs 0 B/I0XOBCKOH TOUKe, SHAYEHHS
yHcaa 0GOPOTOB BEKTOPA HAMATHHUEHHOCTH B JIHHHIAX
2n npu obxoxe B sToM ciyyae mo mepumerpy LIMI{ co-
raacHo (1.54) He o06s3aTeabHo SBAAIOTCA UEbIMH,

8

Ips moctynaTe/bHOM JABHKEHHH IIM[ BBJ1 B ero go-
MenHOli rpaHuue nepepacnpenensiorcs. Coruacho [60]
pacnpegenende BBJI o mepuMeTpy nocTynare/sbHOro ABH-
xymeroca LIMJL onpepensieTcst OTCyTCTBHUEM KacaTeJbHOM
COCTABJSIONIEH CYMMBI THPOCKOIHUECKOH W JHCCHIATHBHOH
CHJH K ero GOKOBOH IIOBEPXHOCTH. B HecTauuoHapHOM pe-
XuMe nuHamuka camux BBJI Moxer okaszarb BIHSHHE HA
nocTynaresbHyio creneib csodoasl. Tak, 8 [71] 6buto ycra-
HOBJIEHO, YTO B MOMEHT CMEHBI HampaBJieHHs MOCTyNaTelb-
Horo asuxKenns LIM]L cosepimaer cI0XHOe KPHUBOJHHERHOE
JBHXKEHHE.

Yuer usmenenus paduyca 8 TPAHCAAKUORHOU OuHamMuKe

uma

OGpaTaMCst K H3YUEHHIO NHHAMHKU UM B nose ogHO-
poxHoro rpaamenta (2.77), yuuTHIBaiOLlell H3MeHeHHe pa-
nuyca [68].

IMoce mepexona K 0e3pasMepHBIM mepeMeHHHIM (pa-
auycy u nouao B nenrpe IIMJI)

p=r(h, 2=(H—H'X) |M (2.83)

xapakTep pelleHHs ypaBHeHuii (2.73) u (2.74) ompenens-
ercs ucciefoBaHHeM (a3oBoil MJIOCKOCTH ypaBHEHUs

b a 2.84

"P T _F@2) Be
2=y g

rae

a=(hH'|M)? (2.85)

YUHMTBIBAET CTENEHb HEONHOPOIHOCTH NOJISL.

Kpusass ABC na puc. 2.7 aBJSIeTCs IeOMETPHYECKHM
MecTOM TOuEK, B KOTOPHIX pajnaibHasi ckopocts LIMJI pas-
Ha HyJIIO. . )

Bume kpusoit ABC p<0, umxe p>0. B oaxoponxom
BHemHeM moje Kpusasi BC cOOTBETCTBYET 3HAUEHHsIM CTa-
THYECKH YCTOHYHBBIX PajHyCOB H BHEIIHHX TOJIEH, B KOTO-
puix cywecrsyer LIMJI; touka B(2o, po) onpeaenser paguyc
¥ TmoJe KOJIaNCHPOBaHHs.

Ha puc. 2.7 n306paxeHo HECKOJNBKO THHAMHUECKHX (a-
30BHIX TPAEKTOPHH; XapaKkTep W3MEHEHHSl Z H p ONpemens-
ercsi apmxennem LIMJ] B 06aacTb MOHHIKEHHBIX 3HAUEHHH
[OJISL ¥ [0KAa3aH CTPENTKAMH.
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[image: image9.jpg]CyuiecTByioT ()a3oBble TPAEKTOPUH ABYX THIOB: OAHH
(1) orseualor obpamenuo paguyca LUMJ B Hyan (KoJj-
aancy); apyrue (I”) —Bmxoay LIMJL u3 o6/iacTd NOBH-
IIEHHBIX 3HAYeHHH moasi. YKazaHHble THOB (a3oBBIX Tpa-
eKTOpHii pasjieJeHs cenapartpucoit ED.

Cenaparpuca ED Bceraa

582 5 JIEXKHUT BHLIE KPHBOH CTaTH-
/ yeckoil ycroitumsoctn BC, n
. ee TIOJOXKEHHe ompeaenser
JMHaMHUECKHH npejes yCToi-
yuBoctd LIMJ] BO BHewrHeM
nose (2.77). 3naueHHe mpE-
JIOKEHHOTO BHELIHEro  MoJs
npu t=0 moxeT ObITH 60Jb-
lle MaKCUMaJbHOTO CTaTHYe-

06

04

4,2

UM VR 0 CKOTO 3HAYEHHst — IOJISt KOJI-
* ’ ' ' . snanca Ho, onpepeisieMoro
Puc. 2.7. (asosas mwiockocts TOUKOH Bg. Opmako LIM]L
ypashenns (2.84) (1=025; a= npu 3TOM He KOJJIANCHPYeT

Soi compargyes ED” 5o [rpackropun muma 17].
* Buixox UMJL u3 oGaacti
NOBBIIICHHBIX 3HAYEHHH TOJIS
o6ecleuHBaeTCsl HEPABEHCTBOM HYJIO I'DajHeHTa BHEUIHero
noas. B npouecce asuxkenuss LIIMJ] sHauenus ero pammyca
MOTryT JIexKarb B 00Jactu r<ro, TAe ro— Pajuyc Kojanca
B CTaTHYECKOM pexnMe (Touka B Ha puc. 2.7). B npunuu-
ne B 3TOH 06JiaCTH MOXKET HapyUINThCs ycaoBue (2.81) oT-
CyTCTBHsI THpPOCKONMUuHOCTH H LIMJI OTK/IOHHTCA OT OCH X.

Ipu ABHKeHHH B 06/1aCTh MOHHMKEHHBIX 3HAUYEHHH BHELL-
Hero noJsi paguyc LIMJI yBeanuuBaercs, i B KOHIE KOHIOB
UM/ nepexomur B mosocopoit. [lepBbiM 5Tamom 3TOro
npespalileHusi OyAeT, KOHEUHO, 3JUIMNTHYecKas Jxedopma-
us.

IMosyuntb ypaBHeHHsi SJIMNTHYECKOH AedOopMalMH [0-
MeHa MOJKHO, HCIOJIb30BAB BBIDAXKEHHS NI SHEPTHH Ma-
goi gepopmanun Are<r (1.77) u OyHKUMM KHCCHOALMU
(2.71). OrpaHHuMBUINCH JIMHeHHBHIM BHJOM IIOJS HJH Ma-
JBIMU ero u3MeHeHusmn Ha puamerpe LIMJI, moayunm ypas-
HeHHe

. oMl Mn or 2r Iy (1)
Ar,:p[7,————2;;<F(T)+SS,(T))+ 2 }Arr (2.86)
Kpusast 0,0’y ua puc. 2.7 sBJAETCS TeOMETPHUECKHM
MEeCTOM TOYEK, B KOTOPLIX CKOPOCTb H3MEHEHMS 3JUIHITHYEe-
ckoii gepopmanuy paBHa Hymo (Arz=0). Buime KpuBOH
80

00’ [oMeHBl SMJIHNTHYECKH YCTOHUMBEI, HHXE — HEyCTOH-
YHBHI.

Ciaenyer NOMHHTb O NPUOJIUIKEHHOM, KAUECTBEHHOM Xa-
pakTepe [OJyYyeHHBIX Bhllle BLIBOJOB. YpaBHeHus (2.73) u
(2.74), KaK yxe OTMeYaJoCh, He YYHTHIBAIOT CTelleHb CBO-
Go/bl, CBA3AHHYIO ¢ BBHIXOZOM M M3 IUIOCKOCTH, KacaTesb-
HOI K GokoBoit nosepxHoctu LIMJI. Ha (2.84) caenyer, uro
paccrosinue, npoxoaumoe LIMJI, MOXKeT NPEBOCXOMUTb pac-
CTOsiHHE, NoJyyeHHOe H3 (2.86). BoisicHeHHMe yCJOBHH cy-
LeCTBOBAHUA 3TOro 3ddeKra, KaK U OLEHKA €ro 3HAUEHHs,
Tpeuﬁye'r, OJIHaKO, PACCMOTPEHHS TOJHOH CHCTEMbI ypaBHe-
HHH.

Kak nokaswBalor mpsiMble HaGaogennst [72, 73], yxe
OpH YMEpEeHHbIX rpajueHtax mnoas (2.77) HMeEIT MecTo
cuipHbie aedopmauun IIM]I, conmpoBoxpaouiuecs 06paso-
BanueM BBJIL

r) HecraumoHapHas guHamuka LLIMJ

Onncanre gunamudeckux cpoticts LIMJI na ocHOBaHHH
ypaBHenu#t (2.73) u (2.74) obGnagaer TeMm OYEBHAHBIM He-
JIOCTaTKOM, YTO OHO OTHOCHTCSI TOJBKO K O6JIAaCTH KBAa3H-
CTALHOHAPHOTO JIBHXKEHHS H He YUHTBIBAeT BHYTDEHHHE CTe-
neHH CBOGOAB TOMeHHOH rpanuubl. [Tosyunm Hecraionap-
HyIO CHCTEMY ypaBHeHWiH st Makpomapamerpos LIMI r,
X, Y u mukponapamerpa { (B, 2, #) (cM. puc. 2.4). Kak u
paHee, BHIBOJ NPOU3BOMHTCA B PAMKAX NPHHUHMIA HAUMEHD-
megoQ;;eﬁcrauﬁ C YYeTOM JIHCCHNALMH, cHOPMYJIHPOBAHHOIO
B 1.

OcHoBHOe MPHOJMKEHHE, 1ONYCKAeMOe NPH BHBOJE, CO-
CTOUT B TOM, YTO H3MeHeHHs mapamerpos LIMJII mo koop-
AHHATaM B, Z NpeNnosaraloTcs caabbiMH H He Jal0T BKJa-
[a B WHPHHY NOMEHHO! rpaHHub §. B kauecTBe mPOGHBIX
Gyukuuni nenoassyiores (2.50) u (2.51), rae o=g (B, 2, t).

Ouenum BHauale BKJAJ KHHETHUECKOH sHepruum (2.9).
Ipu yKxasaHHBIX NPELNOJONKEHUAX HMEEM:

Tiun— "’_jﬁr <=+ (144, (sinBX —cos p¥)>,  (2.87)

rae <...> o3Hayaer WHTerpupoBaHue mo B u 2. TpeOye-
Mble BapHalUU COOTBETCTBEHHO PaBHBIL:

%:%ﬂ<¢tr+q)a(sin@)( — cospY)>: (2.88)
6—1036 81




[image: image10.jpg]%:ggr (4 - cos 3X + sinBY); (2.89)

= <2 R B e O E () >
(2.90)

rae ¢, =0¢/0t; 4)5:041/0;3.

VIMeHHO BKJIaJl KHHETHUECKOI HEPruu UIpaer OCHOBHYIO
pOJIb B HECTALHOHAPHOM pexHuMe. )
[lnoTHOCTL 3Heprud oOMeHa M OJHOOCHOH aHH30TPOMHUH

paBHa:

r <o 28pA 4, > (291)
rage op 4 8p — COOTBETCTBEHHO IOBEPXHOCTHAsA IJIOTHOCTh
sHeprun u mwupuHa BJIT; ,=0y/0z.

BkJiaj, MaTHHTOCTATHYECKOH SHEPrHH COCTOMT u3: 1) 06-
weft crabuausupyomeii LIMJL MarHMTOCTATHYECKOH SHEP-
run (1.65); 2) mokaibHoi sHepruu (2.53), cyllecTBeHHOH
B JAMHaMHYECKOM acIleKTe; 3) SHEpPrHusl NOoJsA paccesHus,
nponopuHonaabHoit Hy(2) (1.49) n Benylledt K CKpyueHHO-
CTH JOMeHHO} rpaHuupl. Bxiaz BHemmero noas H. ydreH
B (2.73) u (2.74).

CDyHKHHH JHACCHNIALINH COLEPKHUT ,HOHOJ!HP[TeJlebll:{
BKJIAJ, NPONOPLUHOHA/bHEL 2%, UTO AaeT HONONHHTE/bHEIH
ynen 2aMoprpy~! B Bapuanun (2.56).

C yyeroM BceX 3THX BKJIAJOB NPHXOAHMM K caeayromeit
HecTalMOHApHOH cucTeMe ypaHenuit aas LIMIL:

4ot g - cos BX - sinfh) = L [ Ay, +
A% g A singcos § —aH, (z)/QM]; (2.92)

Py (1, )= 2 <t r, (singX —cos fY>; (2.98)

B

; 48, . 3 s
R — i, — 25 0, XR] — 227 <y — 24 <>,

- >‘(u..r a
(2.94)
rae
2= h
< >=(2ah) [ dp (2]
0 0

Vpasuenne (2.92) omuch-
BaeT CTPYKTypy JHoMeHHoit /7
rpanuusr  IIMJI. B cratuke
oHo omuceiBaer BBJI, I'BJI,
BT, uccnenoBanusie B . 1.
CylecTBeHHO TO 06CTOATENb-
CTBO, 4YTO JHeHCTBHE NHHAMH-
yeckHx 3ddexTos, mnpomop-
uHoHadbHOE F, X, ¥, i, MoO-
JKeT NPHBECTH K CYUIeCTBEH-
HOMY H3MeHeHHI0 P (B, 2).

VYpaBuenue (2.93) omuch-
BaeT  M3MeHeHHe pajuyca
LM/ u sBasiercs o6061IeHH- 05 10 1520 ‘ZITTJ
em (2.73). Hpr— Bennuuna, Bpema, Mre
COOTBETCTBYIOIAst  KBaApart-

HOH CKOGKe B mpaBoif yacty Puc. 28 Cwmemenne LM
(2.73). (HKCHPOBAaHHHIX AHAMETPOB, IO~
KasnBaomee  «GaJJTHCTHIECKHA

Ypasuenne (2.94) OmMCH-  spgpert>  (npomommTemHHOCTS
BAa€T TPAHC/SLUHOHHYIO JHHA- HUMITYJIbCOB BHELIHero noas
MHKY IIMOI u o06o6maer 0,5 Mxc, AEH)sKyllml’l TPajHeHT
(2.74) Ha HecTauHOHApHBI tion — 0,51+ 10° ).
cayvyait. Bennuuna Hy pasna
TpoABHraiomeMy mnoswo u3 (2.74). Bropoit ujeH chnpasa
B (2.94) omHchBaeT rupockomuueckne 3(GdeKTH; clexyer,
OIHAKO, HMETh B BHJY, UTO WHJEKC IPaHHILI

n 2%

S(O= (@) { dz { 8 (144, (2. B, 1)
vy =r-"(sin Br;-{— coos Bj)

He 0653aTesbHO HeJbli H MOXeT 3aBHCETh OT BPEMEHH.

Tpernit unen cunpasa B (2.94) cBs3HIBaeT B HeNHHEeAHOM
NpHOJIMKEHHH PafHalbHYI0 W IOCTYNAaTeJbHYI0 CTeNeHH
coGoner LIMJI [59].

TMocnennnit wien ypasrerus [p=2 (1pysin Bi—p, cos Bj) ]
onuchiBaer 3ddekT «6aNTHCTHYECKOTO NOCAEACTBUS», KOTO-
PHI COCTOHT B TOM, YTO NMOCJE NPEKPAIEHHS AeCTBUA HM-
My/bCa NPOABHTAIONIEr0 MOJAST CKOPOCTh MOCTYNATENBHOTO
mpuxennst IIMJI ne o6pamaerca B uyns [74].

Ha puc. 2.8 npencrasieHsl sKCNepHMEHTANbHEE KDHBHE
cmemenntt IIM]T nocie pefictaust umnyssca noast [74], mo-
nydeHnsle B maenkax Eu GaY — depporpanara [4nM=~
~(1--2)105 A/M; a==0,02+-0,12] aas LIMJ durcupopan-
HBIX IHAMETPOB ¢ yncaoM BBJI n=-—2,
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[image: image11.jpg]3HaueHue «BhGeray IIM]] cauIIKOM BeJHKO, YTOGH €r0
MOXKHO OBLJIO NPHNHCATh WHEPHHOHHOH Macce JOMEHHOMH
rparnnel (2.23). CormacHo [75] B ykasaHHoM Inpouecce
CyLIeCTBEHHYIO poJib Hrpaer o6pasoBanne BBJI, sdpderrus-
HO yBesqHuHBaioliee Maccy rpanunsl LIM/I. Hwmerotes n 60-
Jlee HeNMOCPeNCTBEHHEIe yKa3aHusi Ha oOpasoBahue BBJI
B Ipollecce NocTynartenpHoro asuxenust LIM]I B mose mo-
cTostHHOro rpanuenra [73].

B o6nacti 3a mpefesaMu yCTORYHBOCTH CTAUHOHAPHOrO
pexHuMa TpPOJBHMKEHHs JIOMeHa MoXeT HaGJ0AaThCs siBJIe-
HHe TMHaAMHYECKOH KOHBEDCHH, COCTOsIee B TOM,
4TO NpH GOJBUIHX CKOPOCTSAX PafHANbHOTO ABHXKEHHs WJIH
TIOCTYNATeNbHOTO IepeMellen s npexe HopmaabHerii LIM]L
(uncano BBJI paBHO Hy/I0) IpHOGpETAaeT CBOACTBA MAarHH-
ToxecTKoro. IIpn mepexome K MeHBIIUM CKOPOCTSM MOXKET
NIPOHM30OHTH OOPATHHIA IEPexol.

HMeoTcst TOMBKO YHCTO KaueCTBEHHBIE MOJAENH SBJIEHHS
JMHAMHYECKOH KOHBEDPCHH, ONMHUCHIBAIOIIHE NPOLECCHl C He-
coxpausiomumest gucaom BBJI B rpanunme LIMI. Tlpepen
TMHAMHYECKOH KOHBEDCHH IOBBHINIAETCS BMECTE C IOBBILIe-
uuem mnpenmena CJIOHYUEBCKOrO H, KaK Y¥Ke YyKasbiBaJoCh,
B HEKOTODBIX €BPONHEBBIX TpaHATaX JOCTHIAeT 3HAYeHHS
600 m/c [62]. C a10it e HeIbI0O MOXKET GbITH HCIIOJIH30BA-
Ha COCTaBJsAIOUIas OPTOPOMGHUECKOH AHH3OTPONHM B IJIO-
cKocTH IIeHKH [65, 66].

A) MukpomarhutHbie LM

IMpuHNANHAIbHOE 3HAUEHHE MMEET BONPOC O CYLIECTBO-
BaHHH MaTHHTHBIX HeogHopoxHocrell tTuna LIM]L B oBaactu
8>r, rae BapHAUHOHHBIA IOAXOJ, IOBCIOAY HCIOJH30BaB-
WHitcA paHee, HenpHMeHHM. B 3Toit o6siacTH HEOGXOAH-
MO HemocpeJACTBeHHOe pelleHHe ypaBHennd Jlangay — JIug-
IHIa. AKCHAJbHO-CHMMETPHYHbIC AHHAMHYECKHE pelleHHsI,
mukpomarsutheie IIMJ[ (MIIMII), Obliu  Hcce 0BaHE!
B [65a].

B u30TpOnHLIX (eppomMarHeTMKax BKJa4 B IVIOTHOCTH
sHepruu (1.20) cBomuTcst K OGMEHHOH 3Hepruu. Yurem Jx0-
TIOJIHUTEJILHO SHEPrHIO B3aHMOJEHCTBHs C BHEUIHHM [OJEM
H,, nampapnenneiM Broab OJIH. VYpaBHeHHs [ABHKeHHs
yROGHO 3amucath B UHMJWHAPHYECKHX KOOpAHHATax p, B,
yKasaHHbiX Ha puc. 2.4, [Ipennonaraercs, 4to B (2.3) BxO-
AT nonspHHA yron 0=0(p, {) u asmMyTajbHHA @=0(¢).
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ypanﬂer-ma JABUKCHUS MPH 3THX OPEATIONIONKEHHSIX OpUMYT
BHI:

f 4 a sin e =0;

o, A Y : 1 (09 '
— =" [Asin2s L{2)—

¢ sinf —af=—7 [A sin 26 pz(ﬁﬁ) (2.95)
&) .

— 2A -G+ w,MH, smo], I

B crarnyeckom pexuMe, Korja BHeEIIHee noJsie OTCYTCT-
ByeT, 3Ta CUCTEMa HMeeT NPOCTOoe pelieHue:

¢=88+¢; S==*1, £2..; ¢,=const;
sin = 2a/(l + a%); cos 0= (—1+4a%)/(1 4 a?; (2.96)
a=@/n'",

KoTopoe u onucbiBaer Mukpomarmutablit LIMIL ¢ sddex-
TuBHBIM pannycom r. Llesoe 3HaueHHe S uMeeT TOT XKe
cMbics, uTo W uumekc rpanuusl UM (1.85). B ueutpe
MIIM]L 0 (p=0)x; B orumune or obbynoro LIM]L rpanuua
n nomen MLIM]L o6pasyior exunoe uenoe. Hanomuum, 4o
st dexTupubil paxnyc MIIMII man (r<8), causy on orpa-
HHYeH 3HAauyeHHeM B HECKOJIBKO MOCTOSHHBIX KpHCTas/Inye-
CKOM pelIeTKH.

Ecan mpeanonoxuts, uro B (2.96) mapamerpsl 3aBHCSAT
ot Bpemenn: r=r(t), @o==_o () 1 MONCTABHTb STH BbIpaXKe-
nua B (2.95), o okaxercs, uto (2.96) ABJISETCA TOYHBIM
pewennem (2.95), ecan

Po="TH, ({)p/(1 +o); r=—agy/iS|. (2.97)

TMocaiennue ypaBHEHHs IOKA3bIBAIOT, UTO IO 1€HCTBUEM
H,>0 MLM/I cxumaercs; u3MeHeHHe 3Haka H, npuBOmHuT
K pacuupennto MUMJL u npeBpallieHHIo ero B OOBIYHBIA
LIM/1. Takum o6pasom, MLIMJL HeycTOHYHB OTHOCHTEJBHO
nelicTBus moseit cmeuleHHst. ITONBITKH KCIepHMEHTANbHOrO
o6uapyxennss MIIM/L u ux npuMeneHus (Hanpumep, B CH-
cTeMax 3aNOMMHAIOUIMX YCTPOHCTB, cM. [65a]) momKHBI
YUHTHIBATH 3TO OOGCTOATENbCTBO,
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Cucrema UMM — annnukauyus
B YNPABNEHUM BOMEHAMM

O6pa6orka u XpaHeHHe HH(OPMAUMH B JIOMEHHBIX
YCTPOHCTBAX MPEANO/IAralT BHIOJHEHHE LEOr0 Psia 3Jae-
MeHTapHBIX omepauuit Hax LIMII, HeoGXoAuMBIX st pea-
nusauuu QyHKUMH, XpAHEHHs, 3aMMCH, CTHDAHHUs, YNpaBJe-
HHsl M cuuThiBanus LIMII. K TakuM s/eMeHTapHBIM omepa-
LHAM OTHOCATCA Npexie Bcero npoasuxkenune LIMJI B uH-
(opmannorHOM KaHale H ero (pHKCHpOBaHHe B TpeGyeMoit
TO3HUKMH, TeHepauus (ympasisemoe 3sapoxiende) LIMI,
aHnurunsuua LIMIL B sieMeHTax CTHDAHHS, pacTsXKeHHE
LIMJ kpyroBoro ceyeHHsi B MOJOCOBOH NOMEH, MepeKJiode-
uue LIMJL no pasnuuueiM HHOOPMALMOHHBIM KaHAIaM, pe-
nuukanuy (nenenue) LIMII u, HakoHew, cunteiBanne LIM]I.

& L ij/@ T—annnukayun
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Puc. 3.1. HekoTopele THMOBIE KOHQHIypauHH NePMA/IOEBHX AaMMVIHKA-
LKA OMEHONPOABHTamwel CXeMbl, HaHEeCEeHHBe HA NOBEPXHOCTh heppo-
TPaHATOBOM TVIEHKH Yepe3 CJIOf AMIEKTPHKA (MEXaHHYECKYIO NPOMHOCTH
olecneunBaeT TOANOXKA HeMarHHTHOro rpanata, Hampasieune mpoasHs
xenud [IMJ] ykasaHo myHKTHDHON JHHHENH).

@ — T-I-moMenonpoABHralomas cxema; 6 — C-JOMEHONPOABHIAKUIAA CXEMA.

R6

B macrosiee BpeMsi HauGojee paclpoCTPaHEH METOX
(ocyuiecTBASIOUHA [EPeUHCIeHHble Ollepallii) BHELIHEro
no orHowennio K LIMJI-Marepualy ynpaB/siollero mojs?*
Hy.y (puc. 3.1). dto mnoue, Jexamee B mrockoctu LIMI-
IUIEHKH, TIEPEMATHUYHBAET OOJIBIIYI0 COBOKYMHOCTH (4acTo
6o/iee MHJUIMOHA €IHHHL) (GepPOMAarHHUTHBHIX MHKDOIJIEMEH-
TOB-aNNIMKANKH, HAHOCHMbIX Ha moBepxHocT LIMJI-mate-
pHaJa METONAMH TOHKOHl JIMTOrpaduH M ABJSIOUIHXCS
HCTOYHHKAMH TPajJHEHTHBIX TIOJIel, KOTOpble H BO3AEHCTBY-
or Ha LIMJI. Cucrema (eppOMArBMTHEIX aNMJIMKAUHi
B KOMOMHAUHMH C TOKOBBIMH alIIHKAUMAMH (NIPOBOAHHKO-
BHIMH IIHHAMH) 00pasyer MHKPOPHCYHOK — TOINOJIOTHIO cXe-
MBI JJOMEHHOrO YCTPOHCTBA.

TIpuHUMNHANBHBIA BONPOC, BO3HMKAIOWIMH NPH NOCTPOE-
HHH JI060i cxembl ynpasienus IIMJI, cocTouT B BHscHe-
HUM xapakrepa BsanMmogedictBus 1IMJ] — anmiukauus.
VMeHHO TOMYy BONPOCY M IOCBsIeHa HacTosAllas IJaBa.
Paccmorpenne (GyHKUHOHHPOBAHHS OT/IEJNbHEIX 3JIEMEHTOB
LIM/I-cxem Gyner npou3sejeHo B Il 4.

3.1. BBAUMOJIEMCTBYIOLLAG CUCTEMA
UMA—ANNAMKALKS

B peaibHBIX CXeMaXx NepMaJlloeBHe AaNIIHKANMU Ha-
XOAATCS, KaK NPaBMJIO, B YCJIOBHAX, NAJEKHX OT Hachlile-
Hus. 3ajaya, BO3HHKAlOllasi NpPH ONHCAHHM B3auMOJEHCT-
pyoweit cucrembl LIMJ] — anmiukanus, ¢ QopmanbHOi
TOYKH 3PeHHs CBOJHTCA K PelICHHIO CHCTEMBl YpaBHEeHHH
JIBUIKEHHsI MaTHATHOro MoMenTa THna (2.2). Ipu sToM oaiHa
rpynna ypasxenui onucbisaer LIMJI-noxcucremy, apyras—
nepMaJjiioeBylo mopcucreMy. CBs3b MexIy NOJCHCTEMaMH
OCYILECTBJSETCS MyTeM MarHHTOCTAaTHYECKOrO B3aHMOJEHCT-
Bust LIMJI — ann/ukanus, XoTs B HeKOTOPHIX CJAydYasx nep-
MaJJIoeBble aNUIMKalliH HAHOCATCH HEMOCPENCTBEHHO Ha
IIM/I-nyieHKy # CBsi3b IOJACHCTEM MOXKET OCYLIeCTBJISThCA
3a cYeT B3aHMOJEHCTBHH, BO3HMKAIOUIMX HA IpaHHlle pas-
nena.

Hanee LIM/-nogcacTeMa GyleT OMHCHIBATBCS B paMKax
NpUONUKEHHBIX BAPHALIHOHHBIX ypaBHeHHH aBmxKenust LIMJL
(2.73) u (2.74); npubiu>KeHHble ypaBHEHHsl NepMaJiioe-
BO# MOACHCTEMBI GYXYT PacCMOTPEHBI jaJjiee.

! B HHOCTPaHHO! JauTepaType yKa3aHHH#A MeTon ympasaenns LIMJ{
nonyyun Haspanue field — access — BriGopka moneM,
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[image: image13.jpg]a) dHeprus cucTembl LMA—annnukaums

Ha puc. 3.2 uso6paxena cucrema LIMJI — anniuxauus.
SHEPI‘HSI CHCTEMBl CKJIaJBIBAETCS] U3 Tpex yacrei:

E=Epyy+En+E, 3.1y

rae Epy, — cobersennan  sueprus  LIMI; E,, — 3Heprusi

B3aumozeicTust LIM/I — annuukanus; Ea—sHeprua an-
nankauun. TlepeiiieM kK aHaausy 3THX COCTABJSIOLLHX.

z
ta My ?H

A ful

£ Puc. 3.2. Cucrema LM —
{ ANMIHKALHs,

=

B =SS

Haa onucanus sueprun LIMJL, E,_(M;L HCIOJIb3YyeM Bhipa-

xkenne (1.91) ¢ yuerom HEOJHOPOXHOCTH BHEIIHEro MoJs,
BKJIaJ ot Koroporo B (1.91) pasen:

2% r4Argcos 23

E,=2Mhy, X a3 S pdoH, (R4, ), (3.2)
0

0

rae M, h-—COOTBETCTBEHHO HAMATHMYEHHOCTb H TOJILHHA
UM -nnenxy; r, R, Ara— cooTBeTcTBeHHO pajuyc, moJo-
JKeHHe LeHTPa M MaJast sJIHnTHYecKas gedopmauus LM/,

TockonbKy omucanue cHCTeMBI BefeTcs Ha ypOBHE Ma-
KPOCKOMHYECKHX YDaBHEHHH ABHIKEHHS, TO JJIs HX BHIBOAA
TpebyeTcs JIMUIb BapHalus

8E,=— ,L“JH, (r) M, (r)dv,

rae

o~ 2,

HcnonbzoBanne B 5TOM BbIPAXKEHMH BapHALHOHHBIX
npoGubix dynkumit aua LIM/I-Matepuaios Beser k pesyis-
TaTaM, TOYHO COBMANAIOIUM C DesyabraTaMn udbepen-
uupoBanus (3.2) no gi=r, R, Ara.

B npuHuune OBOJILHO IPOCTO BEIMMCJHTH BHEIIHEE MO~
ne H,, Bxoisiiee B (3.2), IPH TOKOBBIX aNMIUIHKALMSX (cm.,
Hanpumep, [76]) win 1pu HACHILEHHBIX B MATHATHOM OTHO-

88

IeHuH NepMaoeBblX ammIHKauusax (cum., nampumep, [14,
77, 78]).
B suipaxcenun A1 Eypyy  TpeHeGpera  COCTABJSIOMUMH

noJsiei, Jexauumu B maockoctd LIMJI-nuenku. Kak 610
BBISICHEHO B IV 1 M 2, 3TH cocTaBJsiolHe (KaK M COOTBET-
CTByIOIHE  COCTABJSIONUINE NOJIEeH PACCeAHHs) HECKOJBKO
MeHSIIOT MOBepXHOCTHYIO 3Hepruio LIMJL.

TlepefizeM K paccMOTPEHHIO cOCTaBasiomeli Exs — 3Hep-
rup B3aumojedcrsua LML — anniukauus.

Puc. 3.3. K BHUHC/IeHHIO Mar-
HHTOCTATHYECKOH 3SHEPTHH.

CLLG.HZEM npexie oémee 3aMeyaHue, Kacamoouleecss BHIa
paCCManHBaeMOﬂ 3HEPruH AJs caydyas ABYX IPOCTPaHCT-
BEHHO-pasJeJJIeHHbIX 00beMOB MarHeTHKa V1 H Vz ¢ Ha-
marnnyensoctaMur My(r) n Ma(rg) (puc. 3.3). CorsnacHo
(1.15) moxHO 3amucath caelyiolllee PaBeHCTBO:

Epy——p, [ M, () H (1) dV, = —p, [ M, (r) H, (r,) 4V,
Vi

Va
3.3)

rae Hi(rz) u Hy(ri) —mosiss, co3naBaeMble COOTBETCTBEHHO
marHetukamu Vi u Vs B o6bemax Marnerukos Vs u Vi, Ilo-
clegHee paBeHcTBO B (3.3) CTaHET OYEBHAHBIM, €CJIH NpeX-
ctaBuTh Belpaxenue (1.9) aas mosst pacceaHHs MarHeTHKa
B CJeaylolleii KoMnakTHO# (opme:

Hy (6, ) == 4 Vs [V, 0, (5, ) 95,0 X
>(l r:, 2 re,: l—l'

Ecau nox o6bemom Vi nonumars LIM/L, a noa o6beMoM
Vs 06beM anminKauuH, TO AJsi MOJNYYEHHs yPaBHEHHH [BH-
xkenuss IIMJ] yno6HO mO/IB30BAaThCY .E€PBHIM PaBEHCTBOM
B (3.3), a ans mONyyeHHs] yPABHEHHH JBHIKEHHS MAarHMTHO-
rO MOMEHTA B aNILIHKAaLHH — BTOPHIM.

C yueroM CKasaHHOro HETPYAHO NOHSTb, YTO /s YPaB-
Henuit aBuxkennss LIMJL nepBoe pasencTBo B (3.3) 3KBHBA-
JIeHTHO (3.2) ¢ TeM OTIMuMeM, yTO TMoJe H, sBJseTCs Te-
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[image: image14.jpg]nepb 1oJieM HeHACHIEeHHOH (DeppPOMATHATHOR aNMIMKALHH.
Pacnpesiesienie HaMarHHYEHHOCTH B ANMIVIHKALMH, ONpee-
asioutee /7 B (3.2), 3aBHCHT OT reOMETPHH PACIONOKEHHS
OMI — annaukanusi, pasmepos u dopmer LIMII-naenxm,
TOCTOAHHOTO moJst cMelleHust. B sanucn (3.2) stn dakro-
Pbl YYHTBHIBAIOTCS HesSBHO. BO3MOXKHaA TakKe 8aBHCHMOCTDb
H; ot #, R, Afa.

s samucu ke ypaBHEHMii JBHIKEHHS paclpefeseHHs
HAMAarHHYEHHOCTH B aNNMKALUMH CONMIACHO BTOPOMY pa-
BeHCTBY B (3.3) HeoGXOAHMO paccMaTpHBATh MOVt paccesi-
Hust IIM]T.

B nekoTophIx ciyyasx sodexTHBHEM mast pacuera oka-
SLIBAETCH METOX MarHuTHeIX wHemeit [79]. Torma ymo6uo
TI0/Ib30BAThCS MEPBBIM PaBeHCTBOM H3 (3.3).

Haxoren, paccmotpuym cocrasasomyio Eq SHEePTHH CH-
crembl LIMJ] — anminkaunst. Bee BeJHUMHBI, OTHOCAUIMECS
K aNllIHKaUH|, GYyT HMETh HHICKC «a».

Cocrasnsiontyio sueprun E, MOKHO ONHCATH ¢ MOMOIIBIO
obwero Beipaxenas Tuna (1.20). OHa cocTouT M3 SHeprui
o0MeHa, OHOOCHOH aHH3OTPOMHH, MAaCHUTOCTATHYECKOH H
sHepruil Bo BHemHeM nose u note [IMJI. OTauuue HekoTo-
PBIX BHYTPEHHHX KOHCTAaHT NMepMaJios oT KoHcTant LIMJI-
Marepuasa NpHHUMMHAIBHO. Tak, mojie aHH3OTPONHM mep-
Majnos Mano (80—160 A/m), a HaMarHHYEHHOCTb BeJHKA
(M,~8:10° A/m). daxrop kauectBa g<1, uto u Bemer
K TOMY, 4TO HAMArHHYEHHOCTH PACMONAraeTCs MPEHMYIIECT-
BEHHO B TJIOCKOCTH aNMIHKamHI.

Bripaxenus aist noas paccesmus LIMJT NpHBEIEHb
B [80, 81]. B nepsoii u3 mux COJIePIKATCST TOJIe3HbIe TabJIH-
LBl 1151 pacuera 57oro nonst. OrpaHAYNMes 31ech BHIpaKe-
HHEM s moJst paccesanns LIM]I, cnpaBeanuBEIM Ha 604ib-
X paccrosuusax or LIMI:

1 3 —
H= Ri—n 3.4)

TAe MarHuTHBA MomeHnT LIMJT
=— 2Mnr*hz, (3.5)

31€Ch Z— eJMHHYHBIA BEKTOp mo och z (cM. pue. 3.2);
Ro— paccrosiune ot mumons xo Toukw HabJoeHust; n—
€HHHYHBIH BEKTOP BIOJb Ry.

Peanpnasn reomerpus LIMI-cxem TaKoBa, UYTO HeOOX0-
AHMO TOJBL30BATLCS TOUHBIMU  BBIPAXKEHHAMH ISl T0JS
M.
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Bo B3aumonedicrBun LIMJ] — anminkauHs OCHOBHYIO
poJib WrpacT pajuajbHasi COCTaBJAOLIAL 1"1P noas. IToxe

H,, KaK 1 TOCTOSIHHOE NOJie CMEIIeHHs], OKa3blBaeT OTHOCH-
TeJbHO caaboe BJHsIHAE HA PacHpesle/ieHHe HaMarHH4eHHO-
CTH B IUIOCKOH amIUIMKalHH.

IMpexae yem nepeiiTy K ypaBHEHHSIM IBHXKEHHs CHCTe-
Mel LM — anm/ukauusi, BLISICHHM BOIPOC O POJIM HEOXHO-
poasoctH noas H, mo tonmuse LIMII-nieHku.

YCpet?nenue BHeWHe20 NoAsl N0 TOAUWUHE NAEHKU

[lpn samucu 3HEPIuu B3aHMOMEHCTBHSI BHEIIHEro MOJs
¢ LIM]L (3.3) mpeamosarajiock, YTo BHEIUHee TOJe He 3aBH-
CHT OT KOOpAHHAThl 2. Ec/li HEeOJHOPOJAHOCTH NOJs He Ha-
CTOJIBKO BeJHKH, 4T06Hl u3MeHuTh cBoiicrea IIMJI-maTepua-
Jla HJM BHI3BAaTb NOSIBJIEHHE HOBBIX IOMEHHBIX CTPYKTYp, TO
B ypasHenny asuxennst LIMJI BXOJHT ycpefHEHHOE HO TOM-
WHHe TMJIEHKH ToJie

h
H,(x, y):h“SHz(x, y, 2)dz. (36)
0

PaccMOTpUM BO3MOXKHOCTH IOAOGHOrO yCPeJHEHHS.
ﬂ.ﬂﬂ KayeCcTBEHHOro aHajausa HpOéJIEMbI OTpaHu4YuMCs

noJieM BHIA
H,()=H— 2, B >0, 3.7)

re HayaJo oTcyera o z BbiGpano B uenrpe LIMJI-nuieHkH.
B none (3.7) BO3MOXKHBL ,
pasHoo6pasHble KapTHHBI pac- Hz(z)=H—£z\ 2
npenenennit M(2); npu nocra- 2
TOYHO CHJBHBIX TpajHeHTax [
BHEIUHEro I0Jii HaMarHuyeH- qu «ffw—‘ i T ﬂh}
HOCTH Yy IPOTHBONOJIOXHbIX ) {
NMOBEPXHOCTEH MJIEHKH MOTYT
OTIMYATLCA 3HAKOM, BOSMOK- b g jruousovee i war
Hbl ~ HECKBO3HBIE JMOMEHHBIC  yyrypyjs nomen BbICOTO fy, MeHD--
CTPYKTYpBl. [/ BHIACHEHAS medi Tommuns maemkn h (ie-
KAYecTBEHHOTO BJHsIHHsL MOJA  ckBosmoii IIMI).
H,(z) na LIM]] paccMoTpHM
BOza(M)O)KHOCTb CylfchBOBaHPIH UM/, He TIPOHHKAIOMIETro
CKBO3b BCIO Tomumy naenku LIMJL BbicoTofi iy (puc. 3.4).
DT0 NMO3BOJIUT OlEHUTHL 06s1acTh rpajneHToB mons (3.7), B
KOTOpOil ycToiiunB «ckBo3HoM» LIMJI, paccMOTpeHHBIA
B ri1. 1. B rakoil mocraHOBKe 3ajaya aHaJOrduHa sajaye
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[image: image15.jpg]06 ycrofiynBoctr LIMJ] B HEOAHOPOIHOR MO TOJUIHHE IUIEH-
ke [14].

[MpennonoxuM, 4TO yBeJHYEHHE NOBEPXHOCTHOH 3HEpP-
run [IM]I, nzo6paxennoro na puc. 3.4, KOMIEHCHPYeTCS
yMeHblIEHHeM 3HepPruu B3auMojeficTBus ¢ nojem (3.7) 3a
cyeT ero HeogHopoiHocTH. Torza mpHaeM K KauecTBEHHOMY
HepaBeHCTBY, OTPaHHUYABAIOIIEMY CBEPXY 006/1acTb rpajgueH-
TOB NOJIS, IPH KOTOPHIX ycTOHYHMB ckBo3HOH LIMJI:

M <y, (3.9)
()

Yro6el mponsounio HeKaxenHe $hopMbl ckosHoro LIM/I,
nose H,(z) MOMKHO MeHATbCS Ha BeJHYHHY NOPsAKa
Ml[hy. TIpu BEIIOJHHMOCTH HepaBeHcTBa (3.8), uTo Hanee
BCIOAY GyJeT NMpeAnoJiaraThCs, MOXKHO IOJNb30BAThCS CPel-
HUM 3HauyeHHeM moust (3.6).

3amerum, 4TO B CHay ypaBHeHHi Maxkcsensa dH,/0z no
MOPSANKY BeJHUHHbI coBnagaer ¢ 0H,/dx, 0H,/0y.

6) YpaBHeHus ABWKEHHS

B nacrosumieM pasjesie pacCMOTPHM MOJIHYIO CHCTEMY
YpaBHEHHH, ONHCHIBAIONIMX CTATHKY H AHHAMHKY B3aHMO-
Aedcryrowet cucremsl LIM ] — annunkauus.

Tepsas rpynna ypaBHeHH# onuceiBaeT AnHaMuky LIMJI:
BPEMEHHYIO 3BOJIIOIHIO ero pajuyca r(f), MOJOKEHHs LEeHT-
pa X(f) (orpaHnuuBaeMCsi OZHOMEPHOH MOZEJBIO) H SBOJIO-
M0 MaJjIoH 3JIMNTHYeCKOH Aedopmauun Ars. IlepBrie aBe
nepeMeHHbIe IOAYHHSIIOTCA ypaBHeHHsM (2.73) u (2.74),
B KOTOPHIX He GyJeM YUYHTHIBATb THPOCKOIIHYECKYIO COCTaB-
asomyo. [Toaspusyiomee aefictsue moust paccesuus IMJL
Ha HeHaChllleHHble MepMaJIoeBble aNIVIHKAUKH YYTEM C I10-
mombio (3.2). FMameHenne Ary onncaHo ypasHeHuem (2.86).

C yyeToM yKa3aHHBIX MPHOJIUKEHUH HMeeM:

;:p[_%ugp(g) - H,(r, X)]; 3.9)
X=—pH, (r, X); (3.10)
Ar,=p [2,# Ar,+ MTf Ar, (F (%)-}-

+3s, (%))— H,, (r X)], @.11)
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rae
H, = 5~ (E, +E,)/4=Mhre, 312
— paauasnbHoe s¢dexTuBHOe NoJe, AelicTByomee Ha IIM]]
BJIOJIb €r0 pajuyca;

a i
Hy=5% (Ey; —+ E,»)| 2nMhry, (3.13)

— 3¢dexruBHOe MoJe, mpoasuraioliee LIMJI.
A¢deKTHBHOE NOJE, ONpeesioniee Maaylo 3JIHNTHYE-
cKyio AedopMaluio, HMeeT BHI:
2n

0B/0(Ary) _ dry (o0 0
H, = e = Scos % 2 (rH,)d3+
0
1 2=
+TS H, cos 23d3. (3.14)
0

O6o6mum ypasHenus (3.9)—(3.12) na cayuait apymep-
HOro mocrynatejpHoro asuxenuss LIMJI. B stom cayuae
H, Bolpaxaercs CIeAyIOUIHM 06pasoM:

H,=H,(X+rcosp, Y+rcosB). (3.15)

Kpome Toro, K mpuBeJeHHbIM BbIlEC yPABHEHHAM CJELY-
eT 106aBUTb

= — pHy;

P) ; (3.16)
Hyzo—},—(EI’+E”), 2zMhryp,.

BTopoii rpymnnoii ypaBHEHHH ONHCLIBAETCS pacmpepele-
HHe HAMAarHHYEHHOCTH B NEPMaJJIOEBbIX AaNIUIHKAILHAX.
B o6wem ciayyae pacnpefesieHHe HAMAarHHYEHHOCTH OIHCHI-
BaeTcsl ypaBHenueM (2.2)

OM, oy OM,

T = T (BP0, e [, X 75, 3.17)
rae ya=1,76-10"" Ki1/Kr — MarautoMexaHuyeckoe OTHOLIE-
HHE; 0 — MOCTOSHHAS 3aTyXaHus [uibGepra, NpPHGIH3H-

TesbHO paBHast 0,01—0,001. Db dexTnBHOE NOJE HZW onpe-

Jie/isieTCst SHeprueil o6MeHa, aHH30TPONHH, MarHHTOCTaTHYe-
CKMMH [OJSIMHM, CBSI3aHHBIMH ¢ (OpMOH aNMIHKauMH
pacrpeje/icHHeM HaMarHHYEHHOCTH B Hel, MArHUTHBIMH 1O-
asmu LIIM]] ¥ BHEUIHUMY HCTOUHHKAMH.
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Примечание: 

Заключительная строка Главы 1 (стр. 47) читается следующим образом:

«Радиусы концентрических доменов в области устойчивости меняются довольно значительно.» 
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[image: image17.jpg]MPHMYT BHA:

_Ml_'_MhF(ﬁ)&H' 0

5

Tor o [
i (3.37)
H= _71“- S H,(rcosp, rsinB)dp;
0

[ (3] e 0
(3.38)

o6o6maromux ypasnenus (1.70) u (1.80). C momosio cH-
cremsr (3.37), (3.38) MOXKHO OompeJe/HTh PaBHOBECHBIH pa-
JIMyC M YCJOBHE HACTYIVIEHHS SJUIHNTHYECKO# Jedopmanunu
IIMJI B 0IHOPOAHOM IIOJIe CMelIeHHs!.

Ipopuas MCJI usoGpaxen Ha puc. 3.10. B6mu3u «mu-
HumMyma» MCJI moxer GbTh NpeACTaBIeHa BhIPaXKeHHEM

Ho=Hnt- 5 (G +5). 380y

OTO BHIpa)<eHHe MOJYYEHO B pe3yJbTaTe Da3JIOXKEHHS
nounst H, B psag Te#liopa B6/H3K sKCTpeMyMa 1o ¥, y. 31ech
a, b, h,— KOHCTaHTHl, oOmpejesseMble JHOO 3SKCIEePHMEH-
TaJlbHO, 6o nyTeM YHCJEHHOrOo peUIeHHs ypaBHEHUA AN
nonst Hy; Hpm— ypoBeHb JHA JIOBYIIKH, OTCYHTHIBAEMEI OT
HYJI.

CllefyeT HMeTh B BHAY, YTO IIPH X, §—>00 IIOJI€ JIOBYIIKH
JIOCTHraeT 3HaueHus noJst cMemenus H. Tiny6una MCJI

AH=H—Hn. (3.40)

Ecau nose (3.39) mensercs ciaGo Ha muamerpe LIMIL
[em. (2.75)], To HHTerpanbl OT BHEIIHEro TOJs, BXOASIIHE
B (3.37) u (3.38), MOXKHO Pa3/OXKHTb B PSIA MO CTENEHSM r.
JleiicTBHE 1OJS MOXKET GBITh CBENEHO K JAEHCTBHIO OJHOPOJ-
noro nosist H,=H,(0). B sTom
ciyyae NPHXOJHM K TeOPHH ]lH
IIMJI B onHOpomHOM mOJE T
CMeIIEHHs, H3JM0KEHHOH B
ra. 1, ypasmenus (3.37) u
(3.38) cBomstess k (1.70) u Hg(p)
(1.80). B peanbHBIX cilyuasy,

KaK yXe 0TMeYaJsioch, He006Xo-
JHMO yYHTHIBATb H3MCHEHHE .
nons Ha guamerpe LIMJL, mo- seﬁiai}i?,iu”a"ﬁﬁfﬁu%ﬁﬁﬁ?&
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[image: image18.jpg]6) Ycronumsocts LLMA B MCHI, €O3/aBaeMON BHEWHWM
nonem

IMpeanonoxum, uro LIMJL 10Ka/IH30BaH BHEIIHAM NOJIEM
H.(x, y) B6ausu Toukn x=y==0. CraTHYeCcKHe ypaBHEHHS
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[image: image19.jpg]CKO/IbKY XapaKTepHBle Pa3Mephl yMpaBJsiOUIMX 3JeMEHTOB
cpaBHuMBI ¢ pasmMepamu LIM]IL.

PaccmoTpuMm ciyvaii UHAHHADHUECKOH CHMMETPHH NOJS
(3.39) [98]

H,=H,+ ziaz (44, (3.41)

npexnonoxus, yro LIMJI He BmiXxOAMT 3a mpemeast MCJI.
Ypasnenus (3.37) u (3.38) B 5TOM ciyyae MPUMYT BHA:

T4-R,d--y&*=F @) (3.42)
T+Zy@ =s.@ (3.43)
npHYeM

T=2 o, (3.44)

rie y— GespasMepHEIi IapaMeTp, XapaKTepHIYIOUIHH CTe-
TeHb HeOAHOponHOCTH nonst; [=l(h, Am=Hnm|M, d8=2r |h —
COOTBETCTBEHHO Ge3pa3MepHble XapaKTePUCTHUECKas JJHHA,
nose u guamerp LIMJL.

Crporo roBops, J/isi BLITONHEHHs yXKe NPUBOAHBLIETOCs
yeaosuss AH,=0 B (3.41) caenosano 6u 106aBUTH caarae-
moe —/,22/a?. Yuer ero, OAHAKO, He MeHseT BHIBOJOB, Cle-
JIaHHBIX B HacTosuleM Maparpade, 0 BO BCeX MOC/IELYIONUX

J
So, i\*Zy (%[)

1

h

0
Puc. 3.11. T'paduyeckoe pelenne Puc. 3.12. Tpadmuueckoe perne-
ypasnenusi (3.42), mosBoasiomee Hue ypaHenu#t (3.45) (a) u
OMpefenHTh paauyc M (3.43) (6) (rouka A coorserct-
B MCJIL, BYyeT CJIy9ai0 ORHOPOLHOrO mMOJs

CMeLIEHH),
108

¢dopMysax Moxer GLITb MPOBeAeH C MOMOILIbIO MPOCTOH 3a-
MeHbl Ap—>Hm~+8y/3.

C mnomompio (3.42) MoxHO onpeieauts paguyc LIMJI
B 3ajaHHoM noJsie. I'paduueckoe pemrenue (3.42), ocHOBaH-
HOe HAa TeOPHH, M3JOXKeHHOH B ri. 1 (cm. puc. 1.9), moka-
suBaer, uto paguyc LIMJI B mose (3.39) (Touka A) MeHb-
we paguyca IIMJ B none Hy, (Touka B) u Gosblue ero pa-
aMyca B OMHOPOAHOM TmoJe cmemenus H  (rouka C)
(puc. 3.11).

U3 puc. 3.12 caegyer Takxke, 4to B none (3.39), Kak u
B OJHODOJHOM IOJe CMEILIeHHS, MOTyT GhiTh 1BA pelleHHs
ypaBHeHusi paBHosecuss LIMJI (nBa nepeceyeHus KpHBOH
DA u cunosoii ¢yHkuun F); OQHO pelieHHe, COOTBETCTBYIO-
mee KacaHHI0 YKa3aHHBIX KPUBHIX, H, KpOMe TOro, pelueHxe
BOOGIIIE MOXKET OTCYTCTBOBaTh. OUEBHIHO, YTO pajaHuycy KOJ-
nancupoBanusi (MuHEMagbHOMy paauycy IIMJI) Gynmer co-
oTBercTBoBaTh Kacanue KpuBbix DA u F. Touka KacaHus
Moxker OBITh onmpefeneHa anajornuno (1.73): nuddepen-
nupoBanneM (3.42) no paamycy, NPUBOASIIMM K ypas-
HEeHHIO

T—2yd* =S, (d), (3.45)

rae So(d) — OyHKINS pafua;bHON YCTOHYHBOCTH, Ompee-
nennas (1.76).

CosmectHoe pemrenue (3.42) u (3.45) ompemensier Ha
TJIOCKOCTH HAm, ¥ KPHBYIO KOJJIANCOB Lyx; COBMECTHOe pelie-
Hue (3.42) u (3.43) ompejesseT Ha 3TOH e MJIOCKOCTH KPH-
BYIO 3JITHITHYECKOH HEYCTOHUHBOCTH Lo.

PaccmorpuM KpuByI0 KoJuiancoB L. OueBHIHO u3
pHc. 3.12,a, uTo pajuycH KOJJIAaNCHPOBAHMS, ONpeesieMble
u3 (3.45), npu y>0 UMeIOT 3HAUEHHST MCHBIINE, UM B OJHO-
poaHoM noJe, T. e. mpu y=0, a npu y<0— Gospmne (B 1n0-
crle/lHeM clydyae yCTOHUHBBIH pajuyc BOOGILIE MOXKET OTCYT-
CTBOBaTb). BhluncaeHHe Npou3BOIHOM

ot

S| @ (3.46)

LK

BIOJb KPWBOK L., a 3aTeM NpPOH3BORHON

0Hp,

oy

2B
Le 87, + 6ya

(3.47)
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[image: image20.jpg]TIOKa3bIBAET, YTO KPHBAsST KOJIJIANCOB LR HMEeT BUJ, H306pa-
KeHHBIH Ha puc. 3.13 (WCLPN). 3amerum, uto npu y<0
(touxa L ma puc. 3.13) paBHoBecHoe cocrosinue LIM/L or-
cyTcTByer: yMeHbinenne pagmyca LIMJL TNPHBONAT K BOS-
pacTaHHIO NOJsl Ha ero rpaHuue H paauaabHOH HeyCTOHYY-

Puc. 3.13. O6aacts ycroiiuusoctn LIMII B MCJL.

pocty LIM]L. ITosoxenne Touku L ompenensiercs ypaBHe-
HHeM

8, +6yd* =0, (3.48)
KOTOpOe sl HaxoxaeHus Y,, H, s d, crenyet pemath coB-

mectHO ¢ (3.42) u (3.45). .
LuauHAPHYECKHH MArHHTHBIM JOMeH pajualibHO yCTOH-
UHB BHYTPH KPHBOH Ly; BHe ee OH Kosnancupyer. Crpenka-
MH Ha pHC. 3.13 NOKa3aHO HaTNpaBJeHHe YBENHYEHHS paauy-
ca LIIMJT. .
PaccMOTpHM KPHBYIO SJUTMITHYECKHX HeyCTOHYHBOCTEH
L,. U3 (3.43) (cm. puc. 3.12) cnenyet, urto npu y>0 sua-
YeHHe PajMyca S/IHNTHUECKOH HEYCTOHUHBOCTH GOJbIIE ero
3HaueHust NpH y=0 H SJUIMNTHYECKAs HEYCTOHUMBOCTb MO-
XeT BoO6LIe OTCYTCTBOBaTh. ITocsenHee 06YyC/OBIEHO TeM,
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4TO B CHJy NEpeMEHHOro xapakrepa noasi (3.41) snauenme
ero Ha rpanuue IIMJ] npu GoJbLIMX y HACTOJLKO BEJHKO,
4TO NMOAABJSET 3JIJIHNTHYECKYI0 HeycToiuuBocTh, ITpu p<0
(puc. 3.12,6) 3naueHHe pajuyca SJIHNTHUECKOH HEyCTOHYH-
BOCTH, HA060POT, MeHbIUe 3HAYEHHS, COOTBETCTBYIOLIETO
y=0.

[TpousBoauble BAOIDL KPHBOIK L,

o, 7—8, = o]

o L= —2yd——| d% 3.49
R (3.49)
A, 3 i

L . S, — 2y (d)Y/d°. 3.50
@, 7| Y (a)] (3.50)

VX HcelleioBaHHE COBMECTHO C ypaBHeHusMH (3.42) u
(3.43) mokasbiBaer, UTO KPHBAs SJIHITHIECKHX HEyCTORUH-
Bocreii L, HMeer BHJ, HM300paxkeHHbli Ha puc. 3.13
(PEMQ). LlniMBApHUECKHA MACHHTHBI JOMeH yCTOMYHB
OTHOCHTEJIbHO 3JUIHITHYECKOH JedopManuu BHe ee.

[Tonoxenue Toukn M ompefensieTcss ypaBHeHHeM

Sy=2y (@, (3.51)

KOTOpOe CJ/Iefiyer paccMaTpuBaTh COBMecTHO ¢ (3.42) n
(3.43). Jlunuam pasroro anamerpa LIMJI Ha puc. 3.13 co-
OTBETCTBYIOT MpsiMble

H,+d= %—7—, d=const. (3.52)
a

KoJIHueCTBeHHbIE OLEHKH PacCMOTPeHHBIX 3G deKToB s
LUMJ-nnenxs ¢ Geapa3MepHOHl XapaKTeDHCTHKOM JJIHHOI
1=0,25 npexcrasiensl Ha puc. 3.13.

Ha puc. 3.14 usoGpaxeno usmenenue guamerpa LIM]]
0T51ipam4eﬂra HEOJAHOPOJHOTO BHEIIHEero mossi y aas [=0,3
[15].

YKaxeM Ha SKCTIEDHMEHTa/IbHEIE TIOATBEDIKCHHS PasBH-
TBIX Bbille NPEACTABJIEHHH. YBeqHYeHHe PajHyca SJIIHITH-
yeckoit HeycroftunsocTi B MCJI paccMaTpuBajoch BO MHO-
rux paborax (cm., Hampumep, [88]) (puc. 3.15). B psize
paboT OTMeyaJoCh TaKXKe yBeJHYEHHE PajHyca KOJJIANICH-
posanus ot Buaa MCJI, uto coorBercrByer y>0 H cexio-
o6pasHomy xHy MCJI.

B [98] ormeuanocs ymeHbienne pamuyca KOJIJIANICHPO-
Banus, 4yro coorsercTByer y>0 (puc. 3.16). HaGmogenus
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[image: image21.jpg]npousBoguinck B DyFeO;s (/=13,7 mkm, h=>50 mxM, dnM=
=1,28-10° A/m) nox T-anmiukauuedr toamuHoi 1,1 MKM.
3asop Mexay anminkauueii  moBepxHoctbio LIMJI-nuienku
COCTaBJAsAM 1 MKM.

3ameruM B 3aKJIlOYeHHe, UTO B HEOJHOPOJAHBIX MOJISAX
TIPOH3BOJILHOE BHellHee mose H,(x, y) He ocras/ser popMy

A
a
6F
1 Ly
i
Vi %
Hed A
'1 sl 1=03
\\
mz .- 2r
e
! E1G/)
a(r/h)
=0z ~01 O et Uk 5 iz 16 20 2k Afn
Puc. 3.14. 3aBucHMOCTb AHAMET- Puc. 3.15. 3aBucimocTh AHaMer-

pa LIMJI or HEOAHOPOAHOCTH TO- pa LIMII or noas cMmemeHus
a5 MCJLL [79] mast cBoGoamoro (I) u sa-
XBAYEHHOTO  almyHKaumue# (2)

M,

LM xpyroBo#t. OfHAKO eCAH BHJ 3TOTO NOJAS He CHJBHO
OTJIHYAETCSl OT PajHa/bHO-CHMMETPHUHOrO (4TO B LaJbHEH-
weM BCIOAY npeanonaraercs), to ¢opmy LIMIL  MoxkHO
NpeicTaBHTh B BHAE pPasio-

rm| d wennst (1.76) u BHOBb orpa-
45 HHYHTbCA paccMOTpeHHeM
TOJIBKO  3JIJIMIITHYECKOrO HCKa-

A5 JKEHHUS.
VYpaBuenne (3.38), ompe-
751 4 A\ Jlensiioliee TapMOHHKY Are, AJISt
851 Puc.  3.16. 3aBucumocth  AHaMeTpa
UM or noast cmewenusi B DyFeOs
55k (I=13,7 mxm, h=50 wmxm, 4xM=
=1,27-10° A/v. Tomuuna T-ammiuxa-
mun  f=1,1 MkmM, 3azop s=1 MKM;
;  OCTaubble Da3sMeph YKasaHsl Ha pH-

. CYHKe B MHKPOHAX).
45 &5 65AfeM 1 — ceoGommmit LIMIL; 2w 3— LM moa
annankanuelt B noxe H,=0 u H, =676 A/m.

pafuanbHO-HeCHMMeTpUuuHOro noas H,(x, y) He sBasercs
OJIHOPOJHBIM OTHOCUTEJIbHO Ars, Kak (1.80) miu (3.43), u
TeM CaMbIM OIpejelisieT He Hcyeaalollee TPH J060M 3HaUe-
HUH T0JIs CMELCHUS] KOHeuHOe 3HaUeHHe 3JI/IMITHYECKOH Je-
dopMalKd. YCIOBHO PaAHyCOM 3/IIUNTHYECKOH AeopMaul
MOJKHO Ha3BaTbh TaKoe 3HaYeHHe pajuyca, IPH KOTOPOM 3Ha-
MeHaTe/sb pelueHHsi HEOJHOPOJAHOrO ypaBHeHHs obpainaercs
B HyJb. [Ipu mepexome uepe3 3T0 3HaYeHHEe OpHEHTAUHS
ocell 2JUIHIICA MEHSIETCs; ee MOXKHO OIpefesHTh H3 3Hepre-
THYECKHX cooGpaxenuit. ClelyeT HOMHHTb 00 YCJIOBHOCTH
BBefeHHOM TepMuHoJoruH; LM/l McKaxeH 34echb SJUIHNTH-
4ecKoit jedopMalnueii Bo Beell 06/1aCTH NOJeil CMeIeHHs.

B) B3aumogeiicteue LUMJ} c nepmannoesbiM NOKPbITHEM
6ecKoHeuHbIX pazmepoB

ITepeitaem K paceMorpenuio B3aumozeiicTsust LIIMIL ¢ ne-
HAChILEHHO! aNm/HKanueH, B KauyecTBe KOTOPOH (C LeJblo
aHAJIUTHYECKOrO HCCJIeJOBAHHA) DPacCMOTPHM IepMaJsuioe-
BOe NMOKpHITHE GecKOHeyHLIX pasmepos. ToJiuHa mepMas-
JIOEBOTO NOKPHITHS NpPEANoJaraercs AOCTATOYHO GOJbLION,
4yro6bl MPEAOTBPATHTb HACBILIEHHE H IPOHHKHOBEHHE Mar-
HHTHOI'O ITOTOKa CKBO3b anmiukauuio. [1pexanosaraercs, 4To
nosie cMmenleHusi H He Bausier Ha B3aumopeicrsue [IMJL —
anmnIHKauus.

HecmoTpsi Ha HJeaNH3HPOBAHHbI XapakKTep CHCTEMbI,
NOJIyYeHHBIe Jajee pe3yJbTaThl CTPOTOr0 aHaJHTHYECKOTO
peleHHs] COBMECTHO C pe3yJabTaTaMi, [PHUBEJEHHBIMH
B § 1.2, mo3BoAstiOT NMPHUATH K Ba)KHBIM BBIBOJAAM OTHOCH-
TeJbHO Xapakrtepa Bsaumomelicteus LIMJL — HeHachileH-
Hasi (eppoMarHuTHAs aNIUIHKalHs KOHEUHbIX Pa3MepoB.

MarnurocTaTHyecKasi 3SHeprus KpyroBoro CBOGOZHOIO
IIM] omuceiBaercsi BolpaxenueM (1.64). Manas saiuntu-
yeckas aepopmauus Ary NPHBOAUT K NpHpauieHHIO B Eyc,
paBHOMY Egye, KOTOPBI M OIpefesieTcsi BBHIPaKEHHEM
(1.77).

Ecnm Mexay nepmaisiioeBbiM nokpbitiem n LIM]I-nien-
KO HMeercsl 3a30p S, TO MeTOJ MAarHHTHBIX H300parKeHui
aHaNOrHyHO Hcrmoab3oBaHHOMy B [99] mis LIMI ¢ Ary=0
NO3BOJIAACT 3aMHCATh BbIPaXK€HHe IJISi MOJHON MarHuTo-
CTATHYECKO[l SHEPIHH CHCTEMBbl B BHAE

1

T 5 d 1 d d
Emc =TEMC ( 25+ 2h >+T Eye (2?7)+EM° (T)—
d
_ EMC( o h). (3.53)
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[image: image22.jpg][Mopuepkuem, urto (3.53)
ecThb IIOJIHAss MAarHHTOCTaTH-
yeckast sHepruss LIMJI: kax-
AblH uJeH B IpaBOH 4YacTH
(3.53) mpencraBaser coGoi
0 05 0 15 20 25 CYMMy MarHHTOCTaTHYE€CKO#
sHepruu  kpyrosoro IIMJL
Puc. 3.17. l%anuanwoeﬁ SME JHaMeTPOM d=2r [CM.
opsguentos . toas 118 WL (1.64)]" w wsanparusot no
BHM  TOKpuTHem Geckomewrsx  A72 MarHHTOCTaTHYECKOH
pasmepos [79]. SHEPruH MaJioH SJJIHITHYe-

CKOii JedopMauHH, KOTOPYIO
najiee yno6uo npejacrasuth B Buae (1.77).

Hapsiny ¢ (3.53) HEOGXOAMMO YUHTHIBATH SHEPTHIO 10-
MeHHOK rpanuubl LIM/] 1 sHepruio BO BHemHeM moje [cM.
(1.68)]. Huddepenuupyst MoJIyYeHHYIO TONHYIO SHEPTHIO MO

H Arg, IPHXOAHM K yDaBHEHHSIM, ONPeJe/sIOlHM pPafgHyc
LIMII 1 ycoBHe HACTYIUIEHHS SJITHNTHUECKOH JedOpMaLHH.

Jlanee OorpaHHYMMCS PacCMOTPEHHEM CJydas HyJeBOro
3a30pa, T. e. s=0 (HeKOTOphle YHC/IEHHbIE OLEHKH AJsi 3TOr0
caydas Guii nmosyyensl B [100]), xorxa

1
E (s=0)= E, (). (3.54)

Ipu BeiBoAe (3.54) GbuIO yuTeHo, uro limE, (d/2s)—0

520

coryacto (1.64).

3anuuem ypaBHeHHs], ONpejesiOlHe PaBHOBECHBIH Gea-
pasMepubiii nuamerp d LIM/L, B3aumopeiicrayiowero ¢ Gec-
KOHEYHBIM MepMaJlJIoeBBIM MOKPBITHEM,

T 2\ (2
t={3) (3)
H YCNOBHE HACTYIJIeHHs SJUIHNTHYECKOH HEYCTOHYHBOCTH
T=28,(d/2). (3.56)

Cpasuense (3.55) ¢ (3.42) mas LIMJ, maxopsumerocs
B MCJI, co3paBaemoii BHELIHHM II0JieM, NOKa3LIBAeT, YTO
LIMI naxoaurcsi B MCJI-06/1aCTH TOHHIKEHHBIX IO CpaB-
HEHUIO ¢ nosieM cMelueHnst A=H /M snauenuit noss. ITose,
onpeneasiomee guamerp LM,

2 gLl lai F (%—)—-F(ﬁ)} z i 8.57)

1 u3obpaxeHo Ha puc. 3.17 (M — namaruuyenHocts LIM/I-
matepuana). Ha puc. 3.17 nsobpaxeHo A/l CpaBHEHHs TaK-
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e ycpeiHeHHoe moae H, 8%
BBIUHCJEHHOE ¢ [OMOILBIO d
(3.54), (1.64) u ompepmenenus 7
(3.29). OueBngno, uto MCJI
s LIMJL, naxonsiuierocs nox 4~
HEHACBHILIEHHBIM  NOKPBITHEM,
JIOJKHA HMeTh cexioo6pas- sf-
Hbli BHA, ray6una MCJI npu
d=0 u d=o0 oGpamaercs 4|
B HYJIb.
Coraacro [79] mons H. u 31
H, mupeacraBasior  coGoi
BeDXHHE TPAaHHUB NI 2
M060H OXHOCTOPOHHEH HeHa-
CHILIEHHOH NepMalIoesoit 4
CTPYKTYpPHl B OTCYTCTBHE
noas ynpaBieHHs Hyy f k | |
MaxkcuManbHas rny6una g 471 02 03 G4 05
MCJI, cosnapaemoii Henackl- Puc. 3.18. 3asucumocth Gespas-
LIEHHBIM MEPMAJIOEM, B JIO-  ywepyhx AMAMeTPOB KOJMIANCHPO-

6oM cJyyae He MPEBOCXOAHT
0,17 M.

Yenoust HACTYIJIEHHs
kostanca LIMJL onmpenesiior-
cs u3 (3.55) M HMeOT BHI:

I=2s,{d/2),

BaHHS M SJJIHNTAYCCKOW HEYCTOM-
ynBocTH (do, d; — ANA CBOGOA-
woro LMI; d@Py, dP;— nus
IIMI nox nepMaJ/oeBEM IO-
KpbITHEM) OT Ge3apasMepHON Xa-
PaKTEPHCTHUECKOR JJIHHBL

(3.58)

rae So— dyHkuus paguansHoi ycroiunsoctu (1.76).

U3 (3.58) caenyer, urto mnpu I=[—0,42 nuameTp KoJi-
nancupoBanust LIIM]I, Haxoasimerocs Mo MepMaJLIoeM, mpe-
BOCXOJHT AHaMeTp KoJuancuposaHusi csoGomroro IIM]I,
onpegeasiemoro ypasHenuem (1.74). Ipu I>1, umeer mecto
obparuas cutyanus (puc. 3.18). Bennunne I=lI, coorBercT-
ByeT #=1,7, HMEHHO TNIpDH 3TOM 3HaYeHHH JHAMEeTpa pa-
nuanbHoe mose H, (3.57) umeer skcrpemywm. [M3 puc. 3.17
cienyer, 4o d=2. OHAKO NMPOTHBOPEUHS] MEXAY IOJyUeH-
HbIME 10 (3.58) W NpHBEIEHHBLIMH BHILIE OLEHKaMH 3JeCh He
HMeeTcs, TIOCKOJIbKY KpHuBble Ha puc. 3.17 [79] noayuenst
C HMCMOJNb30BaHHEM MPHOJIHKEHHbIX Bhpaxenuit (1.89) mas
cHIoBOA DyHKIHH].

Pe3ysibTaTH pelleHusi ypaBHeHust ais auamerpa IIMJII,
NPH KOTOPOM HACTyNaeT 3/UIHNTHYeCKash HEYCTOHUHBOCTH
(3.56), Takxe npuBeneHsl Ha puc. 3.18. Kpurnueckoe 3na-
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[image: image23.jpg]YeHHe XapaKTepPUCTHUeCKOH AnuHB [=0,33; efi coorsercT-
Byer auamerp LIMJI d=4.

U3 puc. 3.18 caexyer, 4To npu GeCKOHEUHOM NepMaJlioe-
BOM NOKpHITHH AuameTpbl LIMJI MeHsiOTCs He OueHb 3Ha-
YHTEJBHO MO CPABHEHHIO C KPHTHUCCKHMH 3HAUCHUSIMH CBO-
Gonubix IIMJI. Cienyer 3amMeTHTh, OAHAKO, uTO npu 1>0,5,
KaK IOKa3bIBAIOT OLEHKH, PacXOoKJIeHHe KPHTHYECKHX 3Ha-
YeHHH AMaMeTPOB 3HAUHTENBHO GOJIBLIeE.

Ilo Mepe HacbluleHHS aNNIHKaUHH KOHEUHBIX Pa3MepoB
noJieM yrpasJieHust uin nonem paccesus LIM]L poap Hena-
CHIIEHHO! YaCTH MepMaJIJIoeBOH aNIIHKAUKK GyHeT maxath
n obaacts cymecrsosanuss IIMJL mo puamerpy Gymer mpu-
6/MXKAaThCsl K HCCIEIOBAHHON B MpeJbIAyIeM paspene (CM.
puc. 3.13) u nomyckawue# Gojee CHIbHbIE BapHalUHH AHa-
MeTpa.

TIpuBeeHHBle Bblie COOGPAXKEHHsI UMEIOT BaXKHOE 3Ha-
YeHHe AJsi MOHHMAaHHSI MPOLECCOB, MPOHCXOASIINX B (YHK-
HUOHAMbHBIX 3aeMeHTaxX LIMJI-ynpaBisionux cxem.

3.3. BBAMMOJAENCTBHE LUMA B CUCTEME
ANNJIMKALWA

Vuer Bsaumoneiicteus IIM]I BaxkeH A NpaBUIBHOTrO
KOHCTPYMPOBAHHs 3/1eMEHTOB YIPaBJSIONHX cxeM. B psme
cyyaeB, Kak, HAanpHMep, B JOTHYECKAX 3JeMEHTaX, OHO
onpesesser GYHKUHOHHPOBaHHe chcTeMbl. [lanee ocTaHo-
BHMCSl TOJIbKO HA OJIHOM BOIPOCE — OTpe/eJleHHH YC/A0BHs
KoJutancuposanus cuctembl IIMJI. Panee rosopumocs o Tom,
yro LIMJI, cocTaBJisionue peieTKy, KOJIANCHPYIOT HEOAHO-
BPEMEHHO: B CHJIy TeKCaroHaJbHOH CHMMETDHH peleTKH
C TIOBLIIIEHHEM 3HAUEHHS TOJSI CMElLeHHs] CHavasga KoJuan-
cupyer Kaxawlit rperuii [IMJI. Stor mporece nosropsiercs
¢ NanbHeHUINM TMOBBINEHHEM 3HAUEHHS 110/ CMElleHHs 10
TeX I0p, MOKa He HACTYNHT OKOHYATEJNbHBI KOJJIANC CHCTe-
mer [13]. dasnee GyayT paccMOTpeHbl 1BA NPHMepPa yKas3aH-
HBIX TIPOLECCOB I ApYrux pacnpexenenuit LIMII, upen-
CTaBJISIOIHX HHTEPEC C TOUKH 3PEHHS [OCTPOEHHS AOMeH-
HBIX YCTPOHCTB.

Hanomunm, dro monnast sHeprusi e; H30JMPOBAHHOTO
LIMI onpenensiercst Buipaxenuem (1.68); BsanmopmefictBre
mexny i-M u j-m IIM]Jl — suipaennem (3.4). Takum o6pa-
30M, MoJaHas SHEPTrHs CUCTEMBI

E=Y @+ + YV (3.59)
i I
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npuyeM
V= pnin/4nR%; ),

rae m=2nMhr%; Ri;— paccrosinne Mexay i-m u j-m LML,
KOTOpOE NMPEANOJIaraeTcss HeH3MeHHbIM.

PaccmorpuM cHauasa jaBa B3aumopeiicTsylomux LIMJL
nuamerpaMu d; M dy COOTBETCTBEHHO, (MKCHPOBAHHBIX Ha
paccTosiHnM R, HanpuMep, mosieM KospuutupHoctH. M3
(3.59) mosyuaeM ypaBHEHHs COCTOSIHMSL NMEPBOro M BTOPO-

ro LIML:
44, A—F@, )+, 4, ./8R

; (3.60)

rae R=R/h. Oubdepenunpys no di,, NoJydaeM yCJIOBHE
yero#uuBocty Asyx LIM/JL:

T+%::% <s,Q@). (3.61)

Ecau B (3.61) BbiDOMHSeTCH PaBEHCTBO, TO OAMH M3
LIM/] kosancupyer. DTOT Npolecc NPOUCXOJHMT IPH AHa-
merpax IIM]I, 6OabIHX AuaMerpa KoJjJanca cBOGOZHOTO
IIM/L B nosisix CMeLIeHHs:

H— P o<, 362)
s8R

rae Ao— GespasmepHoe mosie Kosianca csoGoanoro LIMJI.
CyTb sIBJEHHS MOXHO TO- 'y

HSTB H3 pHC. 3.19, Ha KOTOpOM E( >
H306paxena 3aBHCHMOCTD
suepruu aByx LIMJI ot ux aua-
MeTPOB H KOTOPHIH TOJAE3HO
CpaBHHTS ¢ pHc. 1.9. Duepreru-
yecKasi TOBEPXHOCTh HMeeT JIO-
KaJbHBlA MHHEMYM B Touke A,
cooTBeTcTBYOLHE d)=dy=d.
C nosbilienneM 3Hauenns H
Toyka A oOKasbBaercs Ha
«mepeBajie»,  COeQHHSIOUIEM
TOuKH B, u By. B MOMeHT 00- a;

Pa3oBaMNA <Mepesalay CHCTE-  p,. g g DuepreTHueckas mo-
Ma, cocrosluas us I[Byx IlA"’U“ BEPXHOCTb BYX B3aHMOMleHCT-
nmepeMelnaercs C paBHOM Bepo-  syomux LML

ur




[image: image24.jpg]SITHOCTBIO JIHGO HA och d), 1160 Ha OCh dz, YTO H COOTBET-
cTByeT Koaiancy ogHoro Ha IIMJI.

B 3akuouenne pacemorpum nemouky IIMJIL ¢ mpoctpan-
CTBEHHBIM NEPHOAOM R, MOJEJHPYIOIYO 3aloJHeHHbIH
casuroBeiii peructp (puc. 3.20). Ilo-mpexHeMy OrpaHHYHB-
WIHCh DACCMOTPEHHEM pajHaibHbIX Nysabcanuif, u3 (3.59)
IIOJTyYHM YPaBHEHHE COCTOSIHUS

I+ma +¥% —F@), (3.63)

rae C(3)=Z n7'=1,202...

n=1

Ho

N NI NN
XMOKMORXT

Puc. 3.20. Komranc kaxporo sroporo LIMII B uenouke AOMEHOB mHOA
ZiefiCTBHEM rapMOHHUECKOTO KOMIOHEHTA IOJIsi IOMEH-IOMEHHBIX B3aHMO-
JefcTBH.

@ _
uma

K noaio cmeuennst H no6asasiercsi a¢dexTHBHOE mOJE
B3aNUMOJEHCTBHA, BHIpAXKalolleecs MOCJIeIHUM YJIEHOM Jie-
BO¥ yacrtu (3.63).

HopmasbHele MOAbI MyJbcanuii AuaMeTpoB Ad OTHICKH-
BalOTCS B BHJE MJIOCKHX BOJIH:

A, — N~ Sad g, (364)

rae N —uncno IIMI B nemouke; n—Hxomep LIMI; i—
MHuMasi efuHuua. BosiHOBOH BekTOp ¥=2m/A (A — AMMHa
BOJIHBI KoJleGanuit) MeHsercs B npexenax |x|<m/R. B nu-
CKPEeTHO} CHCTeMe CYLIeCTBYIOT MHHHMaJIbHAst AJHHA BOJIHbI
Aw=2R M COOTBETCTBYIOlIee eii MaKCHMaJbHOe 3HAYEHHEe
|%|=mn/R. HUccnenosanue (3.59), ucnoanayiouiee pasiaoxe-
HHe (3.64), NPHBOAMT K C/IeAyIOLIEMY YCJIOBHIO YCTOHUH-
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BOCTH:
~ -~ 1 (7
Fsy )—f(%—a)m&o;

1
@ { (3.65)
P(#)=3) cos (xRn)/n’; J'

n=l1

3aBHUCALLEMY OT x%.

Tenepp cregyer Halith Takoe %, KOTOpOe OTBEYaso Gbl
MaKCHMaJIbHO BO3MOXKHOMY AnameTpy LIMJ] (MuHHMaabHO-
My H). CyLIeCTBeHHO OTMETHTb, 4TO P (%) MOHOTOHHO yOBI-

Baer ¢ pocroM x: P(0)=f(3), P(n/3)=— % Z(3). Takum

06pasoM, ¢ yBeanuenneM / HeyCTOMUHBOCTb HAUHHAET pas-
BUBATbCS OT 3HAYEHHS! x=m [R. DTOH HEyCTOHYHBOCTH COOT-
BETCTBYeT KOJLIallC Kaxaoro sroporo LIM]I B uenouxe, Kak
nokasaHo Ha puc. 3.20, rie H300pakeHa TaKikKe cCrosuas
MarsuTocTaTHyYecKas BoJHa H,(y), BhSbIBaowas ykasaH-
HBIA TIpoLece, KOTOPBIi BeeT K yABOGHHIO PACCTOSHHS MeXK-
ay UM,

VI3MeHeHHe 1OJIS CMEWIEHHS 3a CYET PACCMOTPEHHBIX
s pexToB npuMepHo pasro Md?h /RS,
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