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O MOBEJAEHWH JIHHHA TOKA BEKTOPHOIO 1noJs
B OKPECTHOCTH LIHKJIA

0. A. Amunos

XapeKoB

[Tycts B obracTH TPeXMepHOro EBKJAMIOBA TMpocTpaHcTBa E* saja-
HO eIHHHYHOE BEKTOPHOE moje 7 H mycTe L —samkuyras JaaHuA
TOKa S5TOro moisd. PaccMoTpuM TOBejeHHe JMHHMI TOKAa B OKpect-
HocTH L: 1) BpameHwe mosoc, COCT4BNEHHEIX M3 JHHHI TOKA NOAA 1
10 OTHOWIEHHIO K MOJIOCe IVIaBHHIX Hopmajeii suHMH L; 2) yerofiuu-

BOCTb L Kak 3aMKHYTOH TpaekTopHH IndipepeHunaNbHOT0 ypaBHeHHs
dx

i =n(x), rie x€ E%, B HeKOTOPHIX c/yuasX O TNOBEACHHH JHHHIL

TOKa B OKDPECTHOCTH L MOMKHO CYIHTL 3HASl JHIlL T[eOMETPHYECKHE
HHBADHAHTEL MOJiA n Ha camoi kpueoii L. Ilpw paccMorpennn yka-
34dHHBIX BOINPOCOB ECTECTBEHHEIM ﬂﬁp&E(}M BOZHHEAET OIHH H3 TaKHX
HHBAPHAHTOB

A =V (diva)? —4K + (nrot n)?, (1
rie K —mnonnas xpususHa mnoas n [4]. OrasuiBaercs, uTO B cayua

A =0 Geckoneuno GiH3KHe K L JHHHH TOKa BeIYT ce6s ONHHAKO
BLIM 0Opasom.

Paccmorpum momocy, cocrasiennyio m3 THHRI TOKa, MPOXOASITYIO
uepes L. Ilocme oxHoxparnoro ofxoma kpueoii L momoca NIOBEPHETCH
Ha HEKOTODEI yroi Ap OTHOCHTENBHO NEPBOHAYAJILHONO TIONOMKEHHS
(rounyio dopmynHpOBKY cM. B [2]).

Teopema 1. [Tyems L—3amxnyman auxus moka noagm u nycmob
Ha kpusod L unsapuanm A =0. Toz0a yeon nosopoma ecex noaoc,
COCMABACHHOIX U3 AUKULL MOKA, 00UR U MOM JHCe U O PaGeH UHMEeZPany

5{—;(umtn;-x}ds. @)
L i



20e » — KpyucHue L.

Ecauw amom unmeepan, deaenuantli Ha 2=, ecme payuoHaabHoe

HUCAO i;- , Mo noaoca nocae g oGopomos edoab L w p obopomos omHo-

CUMEALHO NOAOCHL 2AA8HBLX napm.eﬂ BEPHEMCA 8 NpPEeNHee NOADHe-

Hue, ecad SMO HUCAO UPPAYUOHAAbHOE, MO NOAOCA HAMAMBIBACNCA
Ha L ecrody naomuo.

YkasanHoe HHMKE YCJIOBHE YCTOHUHBOCTH siBAsieTcA 0600IIEHHEM
yeaoeus [lya#kape 1A moas B mjockocTd. B [3] nokaswiBaercs

Teopema 2. [Tycme L samxuHymas mpaexmopus dughgeperyuans-
HO20 YPaBHEeHU ‘-;i; =n (x). Ecau

(divads < — ( Ads, (3)
L &
mo L —opBumaasto yemotduusodi npedeasHsill yura.

Murterpan Oeperca B MNONOKHTEILHOM HampaBideHHH JuHHH L,
COOTBETCTBYIOULEM TMOJMOKHTENLHOMY HaNpapideHHw f. 3aMerHM, YTO
npu A =0 na L Bce GAH3KHe TPAGKTOPHH BEIYT ceGf OTHOCHTE/HHO
YCTOHUHBOCTH OJHHAKOBEIM ofpasoM. Jlerko mocTpouTs mpuMep nons
¢ 3aMKHYTOH JnHHed TOKa, A7 KOTOpPOro MpHMEHHMAa Teopema 2.

I. Hasapnaut A
[Tpemne Bcero ykKaykeMm, Kak BBIYHC/JHTH HHBapHaHtT A uepes
dx
npasylo uacTh andpepenumansHoOro ypasmenua - =A (x), rae

A = (Aj, A,, Ag) npousBoibHoe BekTOpHOEe mosde Kiaacca C!. Tax
kak dive u (nrotn) nocie HOPMHPOBKH A BHYHCJISIOTCH [IPOCTO,
TO JOCTATOYHO YKa3aTh Brpaxenue K (cm. [4])

A A1 Are, A
A 2_...‘14 EI,AEI;A"

K= — A, Ay Ay 0O
(AT + A3+ 47)®
B tom cayuae, Korja nojie g rojOHOMHOE, T.€. OPTOTOHAJLHO

cemMefcTBY nopepxHocted u 1/Ry — raBHbIe KpPHBH3HBI 5THX MOBEpX-
Hocred

1 |
A=l —z|-
B nanohefimem naM nonagoGHTCA Apyroe BhIpamKeHue A
A =V [(arot @) — (b rot b)]* + [(a rot b) 4 (brot @)]?, (4)
rie @ H b —eluHMYHBIE, OPTOrOHaJbHBIE ADPYr APYTY H 1 IOAH,
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Takue 410 [ab]) = n. [na NOKa3aTeJbLCTBA MCIOJNB3YEM CJELYIOMLYI0
GopmMyay, cnpaBeifHBYIO Ans MOGBIX NBYX BEKTOpHBEIX nojeil ¢ u b
(cM., manpamep [3], crp. 176).

rot [ab] = a div b — bdiv a + as — ba, (5)

rie, Hanpumep, uepes b, ofosHauena TPOM3BOANHAs BekTopa b B
HalpaBJieHHH BeKTOpa @, YMHOMeHHas Ha |a|. Moxem sanucats

rot@ =rot [bn] = bdivae —n divd 4+ b, —ns,
rot b =rot [na)l =ndiva—adivn + n, —a,.

Orclofa HaxXoauM
(arot @) = (ab,) — (ans),

(brot b) = (bng) — (ba,).

BriunTas H3 mnepeoro BhIpaxkeHHA BTOpoe H YYHTHIBAad, 4YTO
(aby) + (ban) = 0, noayunm

(arot @) — (brot b) = — (any) — (bn,). (6)

Ymuoman pbipamenne rotq@ ma b u Bupamxenue roth Ha @ u
CKJ1alEBasi, MOTYYHM

(arot b) 4+ (brot a) = (an.) — (bns). Y]
Ha (6)'n (7) chepyer, uro
[(a@rot @) — (B rot b)]* 4 [(a rot b) - (brot a)]®* =
= [@ny) + (bna)l® + [(ana) — (bny)).

BriGepeM Temeps JeKapTOBbl OCH KOOpJAHHAT X;, X, X3 TaK,
yToOBl B HEKOTOPOH (PHKcHpOBaHHOH Touke M ock X3 Oblia Hanpas-
JeHa no Bektopy n (M), ock X Mo BEKTOPY @ H OCb X, 1O BEK-
topy b. Ilycte B 3TOH cHCTeMe KOOpPAHHAT §& HMEeT KOMIOHEHTHI
§, Ba, B Ilpu stoM B Touke M & =§ =83, =0, i=1, 2, 3.
Torga MoXHO sammucars

(@ns) -+ (bna) = &ix, + S2x,s
(ang) — (bng) = &1, — Eox,.
OTciona HaxoquM
Hany) + (bra))? + [(@ne) — (bre)]* = (Eix, + £20)® +
+ {Elx, e sz.]z = (Eixl “I— Ez;,)i —1 (ElxlEix, — Eix,Eix,} +
+ (Bix, — E2x,)? = (divn)? — 4K - (nrot n)® = A?,

YTO U JOKa3ulBaer (4).
3ameruM, uto npu A =0 B Touke M pmia pynxkuuil &, 53 BHIOA-
Hsercs cucreMa Komwn — Pumana

EIJC, ‘i‘ EZx, = 0, Ei.'l;;l o Eﬂ;l =0,



B n. 3 nam moHajo6HTCA CJlefyioliee COOTHOIMCHHE!
dive = &1y, + b2e, = (@na) + (b1s). (8)

YcTaHOBHM reomeTpHuecKuit cMBICA OGpAllleHHs B HOJb ‘HHBapH-
anTa A (npE fAokasatenbcTBe TeopeM 1 W 2 3TO He HCHOAB3yeTCH).
B TPEXMEPHOM E€BKJHIOBOM MOPOCTPAHCTEE PpacCMOTPHM DIOJAE KOM-

MAEKCHHX BEKTOPOB P =< --i5, e © W ¢ EIHHHUHEIE BEKTOPHI,
OpTOrOHaJbHbE APYr APYry B n. lloJoXKHM IO onpejedeHHIO
rot B = rott + irota.
Torna KoMmnJeKkcHOH HeroJJOHOMHOCTBIO OyJEM HA3BIBATHL BEJHYHHY
(BrotB) = (xrott) — (arot o) 4 i {(srot o) + (s rot)}.
Kak Bbuue OBJIO JIOKA33aHO, MOLYJb STOMO YHCAA HE SABHUCHT
oT Buﬁnpa BEKTOPOB © H o, TIpHYeM | (B rot [3]1 = A. BoJsee Toro, ecan
@ = Cos 7 —1— sin ya, (9)
b = — sinyt 4 cos ys,
TO MOMHO [MOKa3aTh, YTO
(@ rot @) — (brot b) = cos 2y [(x rot <) — (s rot 9)] +
+ sin 2y [(zrot a) - a rot 7).
(arot b) + (brot @) = — sin 2y [(z rot ) — (arot 0)] +

- cos 2y [(z 1ot 5) + (a rot )]

ByseM HaskBaThb KOMIVIEKCHBIA BEKTOP P TOJIOHOMHBIM, eCJH
CYILIECTBYIOT KOMIJIEKCHBIE (DYHKUHH A H { OT JeHCTBHTEJBHEIX Iiepe-
MEHHBIX X3, X3, X3, Takie 4T

. B = hgrad ¢. (10)
Ecau pacnucate A H  uepes fielcTBuTeNbHBE QYHKUHH A = a; -
~+ iag, Y = by - iy, To (10) 3anHIETCA B BHAE CHCTEMEI ABYX YPaBHEHHH
aj grad ¢, — a3 grad gy = =, (11)

ay grad g; + a, grad ¢, = a.
Hokaxem caefyiomee yTBepIKAeHHE: KOMIVIEKCHOE BEKTOp-
Hoe noJse B =t - is T'OJOHOMHO TOrj4a ¥ TONLKO TOTAd, KOTJa KOM-

IJIeKcHasi HerosoHoMHocTh (Protf) =0, T.e. Korga BHIIOIHAIOTCS
JBa ypaBHeHHA & = .
_ (zrot z) — (arot ¢) = 0, (12)
(srot =) + (zrote) =0.

B bsrom cayuae, ecinm B3SiTh B HOPMANBHOH K 7 TIOCKOCTH JIBa
OPTOTOHAJILHLIX IPYr JAPYTY OTpe3Ka a, H b, c Haualiom B TOuKe P,
H MPOBECTH Yepe3 HHX JHHHH TOKa IOJAA #, TO NOJYYeHHBe [OBEpX-
HOCTHEIE MOJIOCH OyJyT OPTOrOHaJbHBI BAOJbL BCeH JuHHE L.
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