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HEB3AMMHOCTD CIIEKTPA JOMEHHOM 'PAHUIBI
¥ AHU30TPOIINA CKOPOCT! BEPTUKAJIbHON
BJIOXOBCKOY JIMHVU B TIOMEHHOY T'PAHUIE

© I'.E.Xodenxos

MHECTNTYT BIEKTPOHHBIX yNPaBAAIOMMX- MALIMH,
117812 Mocksa, Poccus

(Hoctymnna 8 Penakumio 1 mapra 1995 r.

B oxomyaTennHON penakmum 2 okTAGPA 1995 r.)

CymmecTBy10MAR HEB3aMMHOCTh CHEKTPa BJOXOBCKOM AoMeHHOM rpamumsr (IIT)
IPUBOAMT K MAKPOCKOMHUECKOMY BOGEKTY: 0QHOHANPABIICHHON ARM3OTPOIHMH CKOPO-
CTH TIepeMeIeHNA BepTHKANEHOH 610XOBCKOMH My (BBJT) B Heit. DddekT BosHMKa-
©T B epBOM HeIMEEIHOM NPUGIVIKERMM M KBaAPATHYEH N0 BeIMUMHE ABUKYITIEro Mar-
HUTHOrO Hoad. JIna nepneR MKy IAPHO HaMArHWYeHHBIX OJHOOCHBIX NJIEHOK NPOBefeH
aHANM3 CTATHYECKMX MHMKPO dedopManmii nosepxuoctu [T, co3faBaeMbiX MarHMTOCTa-
glsqflcmm noasmu BBJI, koTopsie Taxxe 06yCHOBAMBAIOT aHM3OTPONMIO CKOPOCTH

Tlon BeB3aMMHOCTBIO CIIEKTPA MaJIkIX KoJeGaHuii HOHMMaeTCs ero Hems-
BapHAHTHOCTE 10 OTHOIIEHMEO K M3MEHEHWIO 3HAKA KOMIOHEHT BOJTHOBOTO
BerTopa. B MuKpoMarseTusme HauGosee i NaBHO W3BECTHRMH HpHMEDAMH
HEB3aMMHOCTH, IO-BAIUMOMY, ClykaT BonH: Jlajimona-dmbaxa B Dprmo-
BEpXHOCTHHIe CIIMHOBHIE BOJHEL B GI0XOBCKOit nomerHo# rpauume (/IT) [1+2].
B macrosgeit paboTe n3ygaercs AMHAMUKa BepPTAKA1bEOA 610X0BCKOM M1-
avm (BBJI) 8 6oxoBckoii I omEOOCHOrO peppomargeTika. ob1anamomeit
HEeB3aMMHBIM CIIEKTPOM. BiMsiHMe HeB3aMMBOCTH NPOABIAETCA B TOM, YTO
BsA3KaA ckopocTh BBJI He ABNIf€TCA aBRTHCHMMETPHYEOR Y HKIACH IBINKY-
UIerocsA HOCTOAHHOrO Mar BUTHOTO 0.1 V7ke B IepBOM HeTAHeHHOM npubin-
JEeHMH (KBAJPAaTHYHOM DO DOTi0). Takimu obpasom. mMeeT MecTo addekT
anusoTponuM ckopoct# BB.T npm ee nepewemenmn B npaMoM u o6pat-
Hom HanpaBaeEnax Bioas AT, Hoxoswmfi 2¢eKT, XOTA U HECKOIBKO MHON
NPHPoakl, BO3ERKAET H B NePUEELIHKY 1ADHO HaMarHAYEHHLIX IUIeHKaX, Tae

sBAseTca ckpydeEHod. Ero cymecrsoBaEme 06y C/I0BJIeEO COBOKYIIHBIM
neficTBEeM HeoAHOPONHOH N0 TOAMEEEe :1eHKA 'MPOTPOIHON CHIEI CO CTO-
porsi BBJI Ba cxpydernyo /Il # mons BeCKOMIERCHPOBAHHBIX «MATHUT-
HEIX 3apsAnoB» m3onmposarHo# BBJI, kotopoe mpuBommT K cTaTHuecKoi
«MHKponepopMammmu» NoBepxBocTH miaockod I, OTmermm, YTo Makpo-
CKOITUeCKAe acHMMeTpPUUHbIe 2¢¢peKThl HEB3aMMHOCTH B (M3MKe MAaTEUT-
HEIX ABJIEHVH U3BECTHH, B YaCTHOCTH, JUIA CUCTEM TOPOMNAIbHEIX MaTHHMT-
HEIX MOMEHTOB; M3BeCTHb OHM M JUIA PsNla APYTUX Cy9aeB ¢ HAPYUIeHHOH
IPOCTPaHCTBEHHO} cuMMeTpueit (cM., Ranpumep, [*]).
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[image: image2.jpg]Paccmorpmm 180° [IT' B 0ZIHOOCEOM ¢ePPOMATHETHEE, Da3NelRIOUYI0
ZBa ZOMeHa ¢ HaMarHWYeHHOCTAMU M,(v — to0) = FM U pacmonomen-
Hyio B wiockoct# z0z. Ecau dpakrop xavecrsa @ = H,/4vM > 1 (H, —
IIoJle OMHOOCHOR aHM3OTPOIMH, KOJUIHEeapHOe ocH 07), TO MHAMMKA IIEHT-
pa JIT g(z,t) 1 a3uMyTaIbEOTO yria BeKTOPa HaMarHWYeHHOCTH ¥(2,t) Ha
nosepxgocty IIT' (KOTOpHE 3aBHCAT OT KOODIMHATH £ ¥ BPEMeHH 1) QI
CrBaeTCA ypaBEeHMAMY CIOE4YeBCKOTO

$+ai=q" - xq-05[sin2(% - ¢/VQ)] 1V,

§-ad - Hosing = —9" +055in2(y - ¢/v/Q)- 1

3nmech ¢ usMepserca B elMEMIax mwmpues I A, koopmuHaTa £ — B
emmumax mupursl BBJI A = A/Q, Bpems t — B emumumax 1/(4myM)
(7 > 0 — MarHMTOMeXaHWYECKOe OTHOMeRMe), IPOAOIBHOE IBMKYyINee O
CTOAHHOE MarEuTHOe mone H, — B emmmmiax 8M. Kpowme Toro, 3necsk a —
mocrosEEas 3aTyxamud I'unsbepra u »* < 1 — GespasMepHas KOHCTARTa,
XapakTepu3syonias xecTkocTs JAI' 0THOCHTENLEO IPOAOABEBIX H3rHGOB.

1. IIpenensHsie ckopocty BBJI B ycIoBUAX HeB3aMMHOCTH

HessaumgOcTs 06ycioBNeRa Bkratamu o @~'/? B npasux wactax (1),
KOTOpHIE Malhl B CHIy HepaBeHcTBa @ > 1. Ddexr mpoHCXORAT OT
KBa3MOTHOMEPHON HACTH MarHHUTOCTATHYECKo# aHeprum 4TAM? sin’(q(; -
— arctg(q'/@1/?)), BBenenEOl B paccmoTperme B pabore [4]. Ilpu saman-
HOM 3HaYeHUY yri1a 1(2) @Eeprus 3aBUCHT He TOJBKO OT BENMIHHEI, HO # OT
3HaKa JTOKaJbHOTO yria NoBO Ta mosepxgoctH JII' — arctg(q'/+/Q) — B
©62a3MCHO) MIOCKOCTY OJHOOCHOTO (peppPOMArHeTUKE, a HPY MalHX Koneba-
gusax JI' — oT 3HaKa IPOJONBLEOTY BOIHOBOrO BeKTOpa ky = k. Hep3amu-
HOCTH ABINAECTCH CIEACTBAEM EM3KOY NPOCTPAHCTBEHHON CHMMETDHMM pac-
upeneNeEus «MarEATHEIX 3apanosy» p = —div M B [IT', Bxonsmux B ypas-
HeHNs MarHMTOCTATHKMA. IIpUBeleHHOE BHIDAKEHKE MAaTHAUTOCTATHIECKON
PHEPIMM MOXKHO NOJLYYMTb K3 ypaBHeHusA Makcsenna divH = —drxdivM,
ecJI¥ IpeANON0KUTh apryMeRTapHYyo 3aBucHMocTh M(z,y—¢(z)) u npene-
6peus BKAazoM npoussoasoi 3H . /dz — nanpHOZelicTBYIOmel YacTH NONA
Pa3MarEMYMBaHMA.

Crextp T, Baramciaenssif 0o (1) ¢ y4eToM ABYX KOpHeM IMCIEPCHOH-
HOTO ypaBHEHWSA, AMeeT BUL

w=QVkx [(1+k*)(k’+k’/@+x’)}m @)

¥ OIMHAKOB MIA ZBYX BO3MOMEHIX moispmocreit II: 4 = 0,7. Ilep-
BOe cjaraeMoe B IPaBOM YACTH yKa3hBaeT Ha HaJ4ie HEB3aWMHOCTH.
Ecan 180° A" pasfenseT HOMeHHl ¢ HANPaBICHAAMY HaMarHAYEHHOCTH
M,(y — £o0) = £ M, IPOTHBONONOKHLIMY BHIIEPACCMOTPEHHBIM, TO B JIe-
BHIX YACTAX OCHOBHOIO ypaBHeHMA (1) MeHAIOTCA 3HAKW Iepell KMHeTHJe-

CKUMY Y/IeHAMU ¥ ¥ §, He 3aBUCAMUAMHE OT . COOTBETCTBYOWMN CHEKTD
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[image: image3.jpg]fnoNy4yaeTcs M3MeHeEMeM obImero 3HaKa npaBoft wactu B (2). Baxmo orme-
THTH, YTO CHeRTP (2), creayromui N3 npubimKeRakIx ypapaesut (1), B Tou-
HOCTH COBNANAeT C Pe3yAbTATAMM CTPOrOro PACCMOTPEHHS HIKHeH BeTBH
cHeKTpa MaJkIx Konebamuit 6moxosckolt JIT' — Mozt cmemernit JII' [2].
BiusEMe HeB3aMMHOCTH JMHEHAHOro CHOeKTpa IpOABIAETCA yXXe OpH
dopMaJbEOH omeHKe mpenenbHEX cKopocTeit BBJI. M3 ycmoBus skcrpe-
MaJbHOCTH ¢a30Boi ckopocts w(k)/k mo k (yunTeBaeM oGa 3Haka B (2))
HaXOIAM IBa MEWMHX KopEA £4/7/(1 + Q~1)1/4i, oTBewatomux sKcHOHeR-
UMaJbHO JOKAJIN30BAHABIM pelreruaM. CooTseTCTByiomue (pa3oBHeE CKO-

POCTH ONpPefeNAIOT paspellieHHyo 06nacTs ckopocteit BBJI X
—AH QY HQ VP < X< (14+1/QV2 +Q V= (3)

(8 npezene » < 1), B koTopoli mBwxerre BBJI Be BEI3bIBaeT M31yueHUs
MPUMOBEPXHOCTHBIX MarHOHOB. HeBaamMHOCTBH COeXTpa MaJbiX Kosnebanruit
(2) mprBoIMT K acmme%wm T'PaHWI pa3pelleH o’ 06/1aCTH IBMKeHNA OPU
cMeHe 3HaKa ckopoct BBJI.

IIpexne dem Depexo mMTh ¥ Gollee moAPOOGHEOMY M3yUeHMIO EEB3aMMHOMN
muramuky 180° BBJI B mocToSAHHOM mpoJosibHOM MarEMTHOM nose H,, He-
CKOJIBKO yIPOCTHM MCXOJEbe ypaBHEeHMs (1), COXpaHMB B HMX TOIBKO Be-
Iylize Hep3aMMERIe WieHH mopsamka Q~'/2. Iocie pasnoxemns no Q12
noiy4aeM HelMHeAHbIC YPABHEHASA, YUNTHBAIONINE B HM3IIEM TODAIKE 3¢-
(eKTH HeB3aMMHOCTH

Y+ aj =g¢" — x*q - (sinvcosv)/QV2.

§—ay — Hysiny = —p" + sin 9 cos v — cos 2v(g'/Q*/?). (4)
Bee nocienywouMe BIYMCIIeENA Ha OCHOBaEMHA (4) OrpaHWYMBAIOTCA JHIUIb

ydeToM Bemymero mpubnwkemns mopsamka 1/Q~'/2. Cmawana sruicmmM
BIMAHME HEB3aMMHOCTHM Ha cTaTky 180° BBJI.

2. Craruuecxwii nporu6 AT

H3BectHO, 4To B craTHdyeckoMm npenene H, = ¢ = ¢ = 0 JIl' ¢ BBJI
me coxXpamseT cBoeil miockolt dopmul y = ¢ = const [°~7]. Ipencrasem
3zeck sToT mporu6 JII' B y06HOM /s mOCTe Ay oMMX BEIYHCIeEM popMe,
HecKoJTbKO oTaMyaiomelica o npusonameiica [6). Kak summo us (4), me-
B3aMMEOCTh OPMBOIMT K CTATUYECKNM MCKaxeHMAM ¢popmy II' (mopamka

Q~1/2) u crpyxrypst BBJI, T.e. yraa 9(z) (nopsamka 1/Q). Crarmueckas
¢$opma JII" omuchiBaeTCs ypaBHEHUEM

@5 — #*q0 = (sin o cos %)’ /Q'/. (8)

TlommnKerye sEEPrUyM TPOMCXOMUT HOACTPOkKoM n3arubos JII' mo ocu z nmox
HalpaB/eHMA MarEUTHBIX MOMEHTOB cozepamelics B Heit BBJI ¢o(z). C
YUeTOM TOro, YTo B IPaBYio YacTh (5) BXOIMT sin g cos 1Py = 1§ 1 4To ¥ =
= +ch~'(z), pemerne (5) pasbusaercs ma ;e uact: go(z) = ¥h(z)/QV 2+
+ qi{z). Pymkmus q(z) TaKkKe onpenenserca ypabHerueM (5), HO ¢ MHOMK
npasoit wactsio: %*9h(z)/Q/2.
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[image: image4.jpg]TlockoIBKY B 3a/ady BXOMMT GONBLIOH NapaMeTp IIWELI Nporaba dop-
Mz [T Baomb ocu 2 —»~1 3 1, a dpyrxumsa yip(z) noxanmsosana Ha paccTo-
ARUAX MOPANKA eIMHMIE, TO B NPABOK YaCTH BO3HMKAOUIEIO YPaBHEHUS
MOXHO CHEJNaTh 3a.Meﬂy 3’ — +wé(z), rne mpa 3naka mepen §-QyHrumei
YUMTHIBAIOT 3HaK ) — 3HAK TomoJxormueckoro 3apsana BBJI. MIpubmmixen-
Hoe pemenye (5) MMeeT cilelyOmuiA BUL

w0(z) = £[1/ cha — 15 exp(~la])| Q/2, (6)

rze 3HaK B MPaBO# YaCTH COBOALAET CO 3HAKOM TOMOJIOrMYECKOTO 3apsila
BBJI. Wrterpan or (6) B GecKoHewyHBIX IpeiefaX ob6pamaeTcs B HyJb,
kak 270 ¥ cienyer u3 (5). CoorBerctBylomas crpykrypa I maercs Bek-
pakerueM cosp = — th(z), nonpaBku K Heli uMeloT mopAnok 1/Q Goiee

Bicokui, uem 1/Q~1/2. 3max cratuueckoro uporuba (6) cosmamaer co
3HaKOM Tomonormveckoro 3apaga BBJI u me 3aBucHT oT opreHTanuit Ha~
MAaTHIYeHHOCTeH B JOMEHaX.

3. Acummerpus ckopocru BBJI

Tepexois K BHIYMCIIEHMIO 10 (4) AMHAMWYECKUX ONPaBOK 6q 1 63, 0TMe-
THM, YTO B IPEANONOKEHNI CTAIMOBAPHOCTH, T.€. 3aBUCKMOCTell ¢(z — Xt),

Pz - Xt), rae X = const — ckopocts BBJI, npsameim cnenctsrem (4) asis-
eTcs ypapHeHne Gajlanca dHePrUM

2H,
i KT @

B KOTOPOM YIJIOBble CKOOKM O3HAYaloT METErpaj Io dr B GeCKOHeUHBIX
npenenax. PopMalbHEIM NapaMeTPOM MAJOCTH ABJIACTCA BeAWYMHA JBHA-
HYIIEro TPONOJILHONO MarHWTHOrO moia H,. IIpn BEIYHCIEHNH CKOPOCTH

BBJI X coorHomenue (7) MOHWKaeT Ha e IUENIY NOPSAIOK BHIYMCICHUS He-
06X0MMBIX ONPABOK K g M go DO CPABHEHMIO ¢ NPAMBIMU BEIUNCICHHA-
Mu 1o (4). Kak Buzmro u3 (7), s BO3HMKEOBEHUSA ACMMMETPHM CKOPOCTH
JIOCTaTOYHO y:Ke NepBOii IMHaMudecKoil nonpasku §1(z,t) K yo(z), KoTO-
pasi J0MkKHA GHTH aHTHCHMMETPHIHON IO KOODIMHATE T ¥ MMeTh NepBhik
HOPAZIOK MO cnaGoMy MBHXKYymeMy moio H, U cMMMeTpUJHON MO T IMHA-
Mudeckoii nonpaBku 8¢(z,t) Toro xe mOpAIKA K go. B Hacrosmel 3amade
CymecTByOT 06a yKa3aEHKIX THIa NOUPABOK.

C y4eToM cKa3aHEOro DMHAMWYECKas NONPaBKa §¢ K CTATHYECKOMY pe-
merwio (6) onpezenseTca ypaBHeHMeM, KOTOPOe BHIIMCAHO HIKE BMECTeE C
€ro pelnleEMeM

A |

8q" — x*6q = —Xn% - "XO‘Iov
bg = 7 Xo(2%)™! exp(—x|z - Xot|). (8)

B HMCXOmHOM YDaBHEEMM ONYINeH BKJaJ HOCIENHEr0 GiIeHa CIpaBa
~1/Q, a npy 3amcK pemeEMs — BKIaX aXogy, KOTOPEIA MaJX WO CpPaB-
meHmIO ¢ XoY§, TaK KaK IIpH NOACTaHOBKe BO BTOpOe U3 ypaBHeHuH (4) on
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[image: image5.jpg]BeZeT K BKIaly ~ 1/Q. Pemenue (8) — oBGbI9HOE BHIpasKeHWe JMHaMMUYe-
croro ruporpomnsoro nporn6a II' mon seiicreumem BBJI (cM., Ranpmmep,
[*]), saBucsamee ot 3HaKa ckopoct BBJI 1 ee Tomonoruueckoro sapama.
Wurerpan xe (gjdq'), koTophik mo (7% omnpenenseT HeB3aUMHYIO aCHMMe-
TPHYUHYIO COCTaBiAOmMylo ckopocty BBJI, e 3aBucuT or 3naka Tomono-
rudgeckoro 3apsana BBJI

Ionpaska §1) BEYUCIAETCA C HOMOWIBIO BTOpPoro ypapHenus B (4). B
HeM 110 BEIIeyKa3aHHOH NpUUMHE TaKike ONyIIeH BKTan 6 ~ XoQ~1/2 B
OC/EHeM CJIaraeMoM CIOpaBa, NOCTe Yero OHO NPUBMMaeT GpopMy

Lép = aph Xo — Hysin oo — Xogh + cos 2¢héq'Q /2, 9)

cae onepatop L = —d?/dz? + cos 2y = —d* /dz? + 1 — 2/ ch® z u g onpene-
neHo (6), a 6g — (8).

Tockoabky onepatop L ocobsii (Tak kKak Ly = 0 B cuuy TpascaAmi-
OHHOM MHBaPUAHTHOCTH IO KoopiuHaTe z Baoab JII'), To ypasmenue (5)
pa3pelMo TIpY BHIIOJIHEHAN YCIOBMSA OPTOrOHANBLHOCTH 0COBOTO perme-
HuA Yy AeBoit vactu (9). D10 onpeneinser ckopocts BBJI B Hynesom npu-
Samxerun Xo = Hy/a, a TakKe NOKAa3KBaeT, YTO [BAa MEPBHIX CIAraeMBIX
B IpaBo#l yacty (9) B3aMMHO COKPallalOTCA W BBIIAJAIOT W3 yPaBHEHMS.
Mocnensue mBa wieHa CIpaBa aHTUCUMMETPUIHE IO T, VA BUX yCJIOBHE
OPTOrOHAJNBHOCTH BHINOJNHACTCA aBTOMATHYECKH, TaK 410 ypaBmenue (9)
koppektHO. [loaToMy pewenue (9) 69 ~ XQ”/Z ¥ aBETHCHMMETPUYHO 10
T, 4eM ¥ ONpaBJBIBAIOTCA Clle/laBHble paHee npubamkenns. Bxran messa-
uMBOCTH B mMHEaMuKy BBJI oT ypasnenus (9) onpenensercs METErpaioM
(¥46'), BO3HUKAIOWMM TIpY Pa3JIoKeHMM 3HaMeraTens (7).

CoxpaHMBIWascs NpaBas 4acTh (9) COCTOMT M3 ABYX CJIAraeMbix

2)} @17,

cze sign(z) — 3makoBas (ymkuua. Pemenue (9) 115 mepBoro ciaraemoro
TaKoBO: )'(a:/(ﬂg‘/2 chz). HaliTu TouHOe pemeBye i BTOPOTO CIAraeMo-
ro saTpymautenbro. OnHako ecaw # = 0, TO LIA BTOPOro W/eHa CyIe-
cTByer Hecmarynsproe pemenue 71X /(2Q1/2)(1 - ch™!(z))sign(z). Ha aTom
OCHOB2HWM MOXHO 3alliicaTh clellyiollee NPUGImKeRHoe peuenne (9):

+X {shz/ ch? z + (7/2) sign(z) [1 —2/ch? x] exp(A

+X z : 1 e
& = 570 [m + wsign(z) (1 cha:) e
Briodenye MeeHERO coanaiomeii sxcnonenTs! B pemenye (10) Bener k
ommbKe OpsAaKa » B NeBod yacTH (9), Ho OHa obecneYnBaET NPABAIBHYIO
ACHMNTOTHKY Ha GeCKOHEYHOCTH W HeCyIleCTBeHHA B MEHTpalbHO# ofira-
CTH, a TaKKe He IPHBOAUT OPH 8TOM K BO3HMKHOBEHHIO cmynﬂpu{ﬂx ane-
o8, IIpu BEMMCIEHMM HeB3aMMROCTH OT METerpaxa (Yhdy') ~ XoQ~1/?
5Ta SKCIOHeHTa BoOOIle HEeCyNIeCTBEHHa, TaK KakK OCHOBHOM BKJIaJ B MH-
Terpas onpefeNsieTcA OBNaCTbIO NOPAAKA eMMEMIBL OT ) = +chlz, a

BCe MHTETPAJH cXomArcA B npenerne » = 0. Cobupas molyyeHHBIe BEIpa-
werns (6), (8) u (10) 1 BLIYMCIAAS BKIaJ HEB3aUMHOCTH B Ipe/ielie MaJIkix

] . (10)

12 ®u3nka TBepaOro Tema. Nt 4, 1996 r. 1153




[image: image6.jpg]», a TaKKe IR CPaBHeRUA OOBIYHEIN HenmueHHLIE BRIAX (q’z) ~ X,}/x ],
nonydaeM ¢ nomomsio (7) CIeNyOmMyio 3aBUcUMOCTh ckopoctn BBJI ot
BHeuwero noas H: (B pasMepHoM Buze):

o TYAH, 142r ( H: x? H, 2
== ! 2./Q (SMa) 8% \8Ma) |~ an

IlapaMeTpoM MaJOCTH B ODPUBENCHHOM BHIPDAKEHWM  CIYXKUT
H./8Ma < 1. B'mpoe cllaraeMoe ClpaBa — MCKOMBIA MaKpOCKOTHAYeCKM
ACIMMETPWIHKIA HeB3anMHRIK addekt, yeTHBI] mo moato. Ilocrentee cia-
raeMoe, XOTA ¥ CJie [y foIlero, TPeThero, TOPSAIKa MaJOCTH IIO NOJIO, MOMHET
CPAaBHUTHCHA CO BTOPBIM M3-3a MAJIOCTH DapaMeTpa »KeCTKOCTH AT ». He-
B3aMMHELL ke 3¢ deKT B mepBoM NpUGIMKeHUM Be 3aBUCHT oT # < 1. Ero
$U3UIECKOe IPOMCXOKIEHNEe CBA3AHO C AeficTBYeM ClelyIomux GakTopos.
1lpu manoxenn muaamudeckoi negopmamuu [T (8) Ha cratudeckyio (6)
BeJIMYMEA CyMMapHO# nepopMalym He MMeeT ONpeNeseHHON cHMMMeTpha
OTHOCHTEJNbHO 3HaKa ckopocT BBJI. D10 skKe OTHOCHTCA ¥ K COOTBETCTBY-
JomeMy CyMMapHOMY M3MEHeHHIO asuMyTaibHoro yraa (cm. (10)). Cornac-
Ho (7), 8T0 BelleT K Pa3NMUMIO AUCCHNATHBHEIX cun Ba BBJI ¢ nporuso-
TONOKHBIMWA HANIPABJICHUAMU NABUKEHUA U, ClieJOBATENbHO, K aCUMMETPUA
CKOpocTeit.

Cormacro (11), mep3awmuEas mompaska K ckopoctu BBJI 3aBucut ot
HanpaBJieHWdA ee NBMXKEeHHA B lll" T.e. OT 3HaKa BHEINHEro noJas Hz‘s HO He
3aBMACHUT OT 3HaKa TOHNOJIOTMYECKOTro 3apsia BBJI. Paszauume CKDpOeTei
BBJI mabaronanoch NPy KOMOBIOTCPHOM MOMEIMPOBAHMM Ha OCHOBAHMNW
(1) merxymmxcs HaBcTpedy Apyr Apyry +180° yuacrxos BBJI-Gpmsepa
{8]. Cpasuenue rabironasierocs pasmadaus ckopocTelt ¢ dopmyoi (11),
OJHAKO, IPOBECTH HEBO3MOMHO, Tak Kak B [°] M3yuaioch IBMXeHMe moa
ZnelcTBYeM BHYTPEHHMX CUJ, 6€3 IPOJOIBHOTO MATEUTHOTO HOIA. 3Ty
BMTEIBHEO TaKike IPOBECTH CPaBHERWe ¢ npuBoaamuMca B [*€] pemenuem
ypasnenuii (1) obmero xapakTepa, B KOTOPOM, Kak MOXXHO TIpeIIONaraTh,
ZOMKEBI COAEPXKATHCA HEB3aMHEIE 3QHeKTH.

ABajgorudeb#l 2¢@eKT HMeeT MeCTO W IPU I'MPOTPONHOM CMElleHHH
BBJI Broas ocu z B ABMKYyNelica ¢ uocTosHHOK ckopocteio V AT, He
TPUBOIA 31eCh NOAPOGHBIX BEIUMCICHMIA, 3aMMIIeM TONBKO OKOHYATE IbHBIA
pesyJbTaT (TakxKe B pPa3MepHOM Buie)

. _ 7V 1427 14
wl'" e <8M7A)]’ 12)

corisacuo koTopoMy ckopocte BBJI Takike HeCHMMeTpPHUYHA OTHOCUTETHHO
M3MeHeHMs 3HaKa ckopocti ' — V.

®opmyira (11) orsocurcs ¥k BBJI B 180° T, pasnmensomeit msa 1o-
MeHa C HalpaBJeHMAMY HaMargmdeEHocTH M.(y — too) = 1. Kak yxe
YKa3BIBaI0Ch, TIPOTUBOMOIOKHAS OPHEHTAMAA HAMaTHHYEHHOCTel B JOMe-
HAX MEHseT 3aK KAHeTUYECKHX WieHoB B ypapHeswu (1). CoorseTcTBento

MeHAOTCS 3HaKM (¢)6q'), TaK Kak 3Hak IMHAMUYECKOrO I'MPOTPOIHOTO IPO-
ru6a (8) 3aBMCAT OT OpHEHTATIAN HaMarBUYeRAOCTH B oMenax. Takxe Me-
HACTCA 3HAK IPaBoil Yacty pemenns (10) n Bemmumant (Y;6y'), BXomsmel B

1154




[image: image7.jpg]ypaBHenue Gananca aHepruu (7) m matomiell BKITaX B HeB3aMMHBIA ekt
ckopoctd BBJI. Takum o6pa3oM, u3MeHeHne HaNpaBleHWA HaMaTHUYeH-
HOCTH B JOMEHAX MEHSeT 3HaK HeB3alMHOTrO (BTODOro CIpaBa) CIaraeMmo-
ro B popmyine (11). ®opmyny (11) MOXKHO NPENCTABUTH B CUMMETPIIHOM
BHIe, 3aIACaB NBOMHOM 3HAK Iepe/l HeB3aMMHBIM YIEHOM CHPaBa, yUHTHI-
Batommi# o1y a8a Tuna AT, ITomoGHas ke CHMMeTpU3AaIMA MMEeT MecTo
¥ NIPH CTPOrOM BEIYMCIIEHMH CIIeKTpa MaJbix Konebammit JIT [*]. Ormerum
B BTO CBA3W, YTO M3MEHEHHA 3HAKOB YACTOTH MM BOJHOBOI'O BEKTOpa B
BHIpAKEHNH UiA pa3 —wt + kT MIOCKUX BOJIH, TIO KOTOPHIM OPOM3BOIATCA
Ppasiioxenue pellleHMs, TaKKe JaeT aHaJOTMIHEe pesynbTatst [10].

4. Muxpoznedopmanms JII' B niaeHoyHoM obGpasue

Ilonyyennsie BhIIe pe3yAbTaThl OTHOCHINCH K GearpamdHOMy (eppo-
MAarHeTHKy. B mepneHmyKyIsSpHO HaMarHWYEHHBIX IVIEHKaX ¢ CHJILHOM On-
HOOCHO¥ aHm3oTponweit ) > 1 OHM NPWMEHNMBL B IIpe/ielle OYeHb TOHKAX
IIEHOK, KorZa apaMetp & = 2A /h 6onbme emuump: [1!]. B peanbanix cay-
yanax, korga € < 1, JII' u BBJI sBnAioTcA CKpyJYeHHRIMH, WX CTPYKTYpPhI
CHJIBHO HEONHOPOJHHI IT0 TOMNMHEE IeHKu (oTHochTensHo BBJI cm. ['2]).
DT0 06CTOATENHCTBO BMECTE C HeliCTBHEM COBCTBEHHOTO MarHEUTOCTATHYE-
CKOT'O IIOJIfE OT HECKOMIICHCHPOBAHHOIO «MATHUTHOTO 0-3apPALa» M301UPO-
Banrolit BBJI npuBomiT XK HeoIHOPOAHOMY IO Koop MHaTe z uporuby T,
nokanusoBarHOMy Ha BBJI, koropit monyuna s (°] massamme «Mukpo-
nepopmamma [AI's. MMeBHO HeoqHOpONHBE MUKpOAepOPMAIMY, COTIACHO
[1314], nenaioT BO3MOMHBIMM He TOJBKO ONTHYECKYI0 BU3yarusammo BBJI,
HO ® onpenenenue Tumos BBJI. Mexamusu. cpasagHRI ¢ MUKpomedopma-
UMAMH, KNANeTCA B OCHOBY MHTEPNIPETALMH IKCHEePUMEHTOB 10 HeB3aUMHON
amHasmke BBJT 1415,

B macrosmewm paiieie. BO-DepBHIX. ONEHMBAeTCH BJIMAHME CKPYYEHHO-
CTH Ha TIONyYeHHLIe PaHee Pe3y.TbTaTal K. BO-BTOPHX, OPOBOIMTCA yueT
HEKOTOPBIX HOMONHHTENbHWX $aKkTOpOoB (TPAHMYHKIX YCHOBMIA M YKeCTKO-
cru IT' — ) B Mexanu3Me 06pa30BaHNA CTaTUYECKUX MUKPOLedopMaLmit,
npennoxentoM B ['3]. JIna NONHOTH 34€Ch MOXHO OTMETHTB, YTO U3TUGE!

T’ no TonmmMHe MUIEHKH BO3HMKAIOT M IIPH yYeTe KOHEYHOCTH Pa3MepoB
JIOMEHOB Jla’e NP OTCYTCTBMM Kakux-1u60 EeommopomHocredt B JIT [18].

Wcxons u3 ypasHenumik (4), paccmoTpuM npexuioro JIT', moMecTus ee B
TTeRKY TOJUIVHEL h, TOBEPXHOCTh KOTOPOH HepleHIMKyIipHa ocd z (ock
aumsorponun). Eciu paccToAEns no ocu z U3MepATs B eJMEMNAX h/2, TO
ypasrenus (1) B cTaTM4ecKoM mpejeie IPUMYT ClIeIyIOImii N3BeCTHEIA
BRI

€2 0.0: + Qoo — #°q = (sinpcos ) o/Q* F Ha(z,y =0, 2),
e~ Paa cosw(sin vF Hy(z)) —o. (13)

TpomsBombie 1o z OGpamalOTCA B Hy/Ib Ha NOBEPXHOCTAX IUIEHKU B
cuny rpaEwdHbIx yerosmit  (13): ¢.(z,2 = £1) = ¢ (z,2=+1)
MarmurocraTnueckoe moue, TepIeR MKy IapEOe mosepxaocta JIT, Hy(z) =
= arth(z), co3naeT CKpy4eHHOCTb, TapaMeTp € = 2A/h B pealNbHRIX cayyda-
sx Ma;1. [/IBa 3HaKa B ypaBHEHMAX yYUTHIBAIOT B3aUMHYIO OPHEHTANMIO Ha~
MarHWYeHHOCTel JIOMEHOB: BepXHUH OTBEYAET IOJIOKUTENbHBIM 3HAYCHUAM
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[image: image8.jpg]M. B obnacty y < 0 ¥ oTpUNaTeabERIM TpH ¥ > 0, a HIKHUA — 06paTHOM
caryamuu. B mepBoe u3 ypaBHeHMif BXOMUT BEOJHOPOAHAA COCTABIAIOIIAA
H, marEuTOocTaTH4Yeckoro noid BBJI, usmepsemasn B enunnuax 4v M. Ha-
nee GyneT IpemmONaraThCA, YTO BHIIOJNHSETCH ycnoBue x > £ (h > Afx),
X0T# 06e BeJMYMHBI OCTAIOTCA MEHbIIMMY e MBEMIE], ¥ uTo T ycToliunsa
OTHOCHTEJBHO IPOIOALHBIX U3TUG0B IO OCH Z.

Cravasa pacCMOTPUM B KaueCTBEHHOM BUJIe BJANAHME CKPYYEHHOCTH Ha
noJydeHHBIe paHee Pe3yJbTaThl, He yuuThBadA B (13) mons H,. Crpyxry-
pa BBJI B cuny Broporo ypasrerus (13) He MMeeT Tenepb onpeneleHHON
OpOCTPAHCTBEHHOH CUMMeTpMM IO KoopZAuHaTe z (cM. [!%]), Tak e Kak u
sosEvKatommit nporu6 IT. Ilpencrasum npaByio 4acTh NEPBOro U3 ypas-
HeHMIA B BUJIE CYMMbI CHIMMETPHYEOrO ¥ aHTHCAMMETPUYHOTO 1O 2 YJIEHOB,
9106 pa3lenwTs pemenye ¢(z,z) Ha JBe YacTH COOTBETCTBYIOWEH ciM-
MeTpuu, MMes B BULY BHpPaKeRWA AnA yraa (z, z), npusenenane 8 [1%].

HaJIM3 MOKA3kIBAeT, YTO 3aBUCHMOCTH CMMMETPAYHOTO OT Zz YjeHa B
IpaBoi YacTH B NePBOM NpUOIMKeHMH He cymecTseHa. Iloatomy oTse-
dajolllee eMy pelmeHue GIM3KO K NONy4YeHHOMY paBee (6), OTIHYAACH THIIL
9UCTeHEBIM K02 umeRToM. DTo faeT OCHOBAaHUA CUMTATh, YTO M JHMHA-
mudeckue gopmyist (11), (12) operepneBaioT MWL YAC/IEHAYIO DEPeHOP-
Muposky. [leficTBuTeNbRO, peaynbTarhl [12] IOKa3KBAIOT, UTO B NMHeHOM
NPUGIMKEENH IO MBYXKYIEMy noJio moasixaocTs BBJI ucneuiTsiBaeT ne-
peEOpMEpPOBKY. [Ipy 9TOM OKa3hIBaeTCs, 9TO TUPOTPONHLIA MeXaHu3M NPo-
mpwxernus BBJI (12) ocrabusieTcss He CTOJL 3HAUMTeNbHO, Kak mpsvoi (11).

YdecTh aNTHCMMMETPUIHELA IO 2 BKIAN B M3rub ¢(z,z) 3HaunTeNbHO
TpyaHee. MOXHO 3aMeTHTh, OBAKO, YTO OH BXOJMT aJUTATHBHEO C BKIAJIOM
mons H.(z,y = 0, 2), KOTOpHIA, KaK NOKAa3bIBACTCA Nalee, MMEET Ty e
cuMMeTpHIO 110 2. COracHO YMCIEHHBIM PacYeTaM M SKCIePUMEHTAILHEM
namERM [1%], MMeRHO TOT mOCHeTHEMA BKNAK ABAALTCA NOMUHEMPYIOILAM, TIO
Kpaiinelf Mepe B OPMUPOBaHMY CTATHUYECKOM Mukponepopmaipm JIT.

Marmurocrariuyeckoe mone H, coszaercs jiokanmsoBaEHbiM Ha BBJI
«MaTHATHBIM 0-3apANOM», NOJHAA BEJMYMHA KOTOPOTO OTIMYHA OT HY-
nd. DToT 3apsi pasen. —OM;/0z — OM, [0z, tne M, = Msinfcosp,
M, = Mcosd, sinf = ch™*(y — ¢(z,2)), yron ¢ onpenener (13). Hanbo-
/lee CyNIECTBEHHO IepBOe CJIaraeMoe, ero MHTerpajbHafd BelWYHHA Pas-
Ha B 3aBMCHMOCTH OT 3HaKa 3apana +2(0.6)rAhM, rine MuoxuTeN s B
cKoBKaX yuMTHBaeT Haiwume ckpydensoct [!7]. OTHOCHTensHO mona
H.(z,y =0, 2) 6yleM NpelonaraTh, 4To OBO CO3MAETCA 3aPMKEHHOM HU-
1ei0 (BBJI), BaxonAmeiica BEyTpY IIEHKH. DTa KOMIOHEHTa HOJA aHTH-
cuMMeTpuyBa 1o z. Ha Gosbmmx paccrosuusx (z > 1/¢) or BBJI ee none
H. = 0.62/(QY?¢*|z|°) (¢ — 3apsx momoxuUTENeH), 3 COOTBETCTBYIOIIII
u3ru6 JT' no ypasserwio (13) paBen

q 0.6 esh(xz/e)

a___ 08 |, estlezje)l 14

A T Q22253 [Z > ch(x/e) 49
[Ipy BHIIONHEHMHA YCIOBMA x > £ pelieHne (14) COePKNT NPHATOBEPXHOCT-

gble TOrpaHUYHBle ¢IoM. [l TanuyHKX 3HadeHnit € = 0.02, » = 0.1 opo-
ru6 I 1o (14) yxe Ha PacCTOSHUAX T X 1/¢ cpaBEMBAaeTCA C BKIAACM B
uerTpe BBJI mo (6).

TakuM 06pa30M, aHTUCUMMETPUYHAA [0 Z MUKPOAePOPMallns BO3HUKA-
T y>Ke IO/l IielicTBIeM NoJid o-3apanos BBJI, u ee cymecTsoBanue OTRIONL
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[image: image9.jpg]He 0OYCJIOBJIEHO CKaYKOM HaMaTEM4YeHHOCTH ¥ TOAB/ICHVIEM MaTHUTHBIX 3a
psnoB p = —9M,/dz na nosepxsoctu T [*3]. Hccnenosanue atoro mo-
C/le[Hero BK/Iafla MOKa3bBaeT, YTO OH NaeT MaJkif BKIax nopamxa Q~1/%
¥ BCersia IPMBOJKT K HEKOTOPOMY OCNabiIeHMIO NefCTBUSA 0-3aPAIOB.

WiuTepec npezcTaBiseT, KoHedHo, MukpoaedopMammsa B nearpe BBJI,
z = 0. OrpasmumMMcs CHa4ada MEHTPaIbHOM 06JacThiO MieHKM BEIM3M
z = 0, B KOTOPOI IPAHUYHBIE YCJIOBAA He BAXKHBL. 3/6Ch KOMIIOHEHTa TOJIA
anru-BBJI H, npencrasuma B suzne 4 M(4A/h?)z, rne A — mupuma IIT.
Toacrasnas mone 8 (13), cpasy moiydyaeM OlleHKy MHKpofedopMamuy —
(4A/R* %)z,

B6au3m moBepXHOCTeH IJIeHKY BaiKHBIM ABJACTCSH BKJAJ OOTPAHMIHBIX
cnoes. [Ins yyeTa NOBEPHXOCTHOTO ¢ (eKTa MCXONUM U3 TOrO, YTO B CIy-
Yae JOCTATOYHO TOJCTHIX INIEHOK ( > €) 3ajaya 1 ypassenus (13) cBo-
ZMTCA K 3a1a49e O MoJyNpocTpancTBe Z < 0, B KOTOPOM MMEETCH OAHOPOI-
HO 3apsKeHHaf HUTb C IPEKHUM I'DaHWYHBIM yCJIOBUeM ¢.(z,z) = 0 ma
nosepxHocT# 2 = 0.

TockoubKy h B 32024y He BXOAUT, TO BCe IIePEMeHHbIe M3MEPAIOTCA B
emmmnax A, u H, = 1/[QY/?*(z?+2%)"/?] upencrasnser none noaybeckoney-
Hoif EuTH. PyHKmMA ['puHa 3aKauMm BEHpa)KaeTCA UYepe3 IMITUHAPUYECKUe
¢yrknmr MakoHaIbAa HY/I€BOro NOPAIKA

Gz ~ 2032, ) = [Ko(wr+) + Ko(r-)) /27, (15)

rme r¥ = [(z—29)*+(20+2)*'/?. OTciona HaX0nMM AMIMTY Ly OTKIOBEHM
nobepxaocTy III' B Touke £ = z = 0 — Touke Bhxona BBJI ma rpanuuy
NOJYNPOCTPAHCTBA — OT MIOCKOCTH ¥ = 0 (06macth z — —o00)

L[y T apKolxta? + 27 i

z o[x(2® + 2 _ =12 .

=g /dz / dz @ 177 =Q O/Ku(zp)dp— Qi
~oo

~oo

(16)
Bun $ymxkmim I'pusa (15) mokaswBaer, uro mmkpomedopmaums II' nxo-
KaJM30BaHa B IOTPAHMYHOM CJIOe, IIPMMBIKAIONIEM K M0BepXHOCTH Z = 0.
Ero pasmep 1o KoopauHEaTe z uMeeT HOPALOK A/, TOT e MOPALOK MMeeT
u obaacte nokammsamuy maruba I Broas ocu z. HeoGxoimMo, onHa-
KO, yKa3aTh, 4TO oleHKa (16) saBblmaeT pounb o-3apsna BBJI, Tak kak B
PACCMOTPEHHOR MOJENH He yUHTHIBAIOTCA KOHEUHOCTE TOJIIMHBT IUTEHKHA 1
ckpyuersocts JIT'. Coraacgo ['?], o-3apsan BBJI B ckpyuenroit IT" o6pa-
IaeTcs B HYJIb Ha TOBEPXHOCTAX TLTCHKH.

Tem Be MeHee TOJIydeHHbIe Pe3yNbhTAThl HO3BOJAIOT 3aKIIOUHTh, YTO
craTMdeckas MukpoaedopManus JII' BozpacTaeT ¢ yMeHbIICHHEM TTapaMeT-
Pa MECTKOCTH » ¥ B PealbHbIX INIeHKaX KOHeYHO TOJIIMHEBL, XOTA U He TaK
CUITBHO, Kak B (16). Ba)KHOCTb 3TOTO BHBOZA COCTOMT B TOM, YTO B Clydae
usonuposanBoi JII' napaMeTp » MOXeT 9KCIIepAMEHTAJIBHO KOHTPOJIUPO-
BaThCA M €T0 U3MEHEHUE MOXKeT CIOCOOCTBOBATh ONTUMM3AIMH ONTHYECKO-
ro sabaronenus BBJI. Koreuno, Besnuuna » He MoxeT GhITh MeHble onpe-
DeJIeHHOTO KPUTUYIECKOTO 3HAUEHNs, 33 KOTOPhIM Pa3BUBAETCA IPOJOIbHAS
HeycToitunsocts [I" mo Xarenopuy-Illnemany.

Teneps BcTaer Bonpoc 06 acuMmmerpun ckopoct BBJI 3a cuer Halo-
JKEHUS FMPOTPOMHOro mporuba oT mewxymeiics BBJI Ha o6cyknaemyro

D=
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[image: image10.jpg]CTaTHYECKYIO AHTUCAMMETPHYHYIO N0 2 MUKpoZedopmaimio. Mexanmsm
aCHMMeTpVH 37iech HeCKONIbKO OTAMYALTCH OT MeXaHu3Ma, Bejiyirero X (11)
u (12), u Tpebyer, Kak 6yleT OKa3aHO, 06A3ATENLHOIO YIeTa CKPYJEHHO-
cTm.

Ykaxxem B oToif CBA3M, YTO MexaHu3Mbl (11) u (12) ocHoBaHHI Ha ToM,
4TO CyMMa CTaTHYecKoro (6) m amHaMudeckoro (8) mporu6os AT conepxmt
nuHeliHoe mo ckopoctu BBJI craraemoe. 9To BelleT K ToMY, 9TO DACCUTIH-
pyemas BBJI smeprus (cM. 3HaMeHaTtens (7), KOTOPHIX NPONOPUHOHATEH
GyHKmM maccunamuu Paiess) 3aBACHT OT 3Haka ee CKOPOCTH. Ecau xe
Ha aHTUCUMMeTpUUHYyIo mo z medpopmaimio NII' (cm. acwmmroTuky (14))

HaKJ1aJbIBaeTCA TUPOTPONHEIA IPOrub, TO OTIMYHELL OT HyJA CPenHHMit o
TOJINIAHE IJIEHKHA BKJad B AUCCHITalMIO, cozlep)i(am‘nﬁ nuAeiHOE 110 CKOpO-
cru BBJI cnaraemoe, BO3MOXeH, TOMbKO KOT/Ja FMPOTPONHELL nporut AT
TaKkXe MMeeT aHTUCUMMETPUYHYIO COCTAaBJAIONLYO. 'TCyTCTBUE Onpene-
JTEHHOR HpDCTpﬂ.HCTBEH}ﬂ)I‘/’I CHUMMETPHUHU, KOTOpOe NPUBOAMUT K IIOSABJIEHHIO
HapALYy ¢ CAMMETPUYHOMN ¥ aHTUCHMMeTPAYHON COCTABIIOMEH, Kak pa3 |
XapaKTepHO JUIA TMpOTPONHOro mporuba ckpydexxolt III', cosnaBaemoro
nsuxymeitca BBJI [12].
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