AUOPAKLIUS 3NEKTPOMATHHUTHLIX BOJIH HA NJIOCKONA
METAJIJIMYECKOA CUMMETPHUYHOW TPEX3JIEMEHTHON PELIETKE

J. H. JTumeunenxo

Dosbliloe BHHMaHHe, yjaensieMoe B HACTOALLEE BPeMsl TEOPHH AUPAKLHH
3JIEKTPOMArHHTHLIX BOJH HAa IJIOCKMX JIEHTOYHBIX pelieTkax, o6yc/orjeHo
psAaoM npHuHH. Bo-nepBbiX, AHOPaKIHOHHHE pelleTKH HAXOAAT IIMPOKOE MpH-
MeHEHHe B pPa3JjIHUEBIX VCTPOHCTBaxX, OCOGeHHO paGoTAIIIKX B JHalasoHe
BeCbMa KOPOTKHX BOJiH. Bo-BTOpbiX, pa3pafoTka TO4HOH TEODHH AUPpPaKUHH
Ha pelweTKax-o6beKTax, OTHOCHTENIbHO KOTOPhIX 33afgauH AM(PaKUMH H pac-
cesHUsl MOryT ObiTb pellleHbl BecbMa CTpOro Gosee WM MeHee JOCTYMHBLIMU
CpeACTBaMH, TO3BOJISIET IIY6XKe NOHATb CYLIHOCTb MMPOLECCOB, NPOHCXOASUINX
NpH B3aUMOAEHCTBHH 3JEKTPOMArHHUTHHIX BOJH ¢ 6osiee CJOXKHGLIMM NEPHOAH-
YECKHMH CTPYKTypaMH (HAaOpHMEp, KoJibleBble, CIHpaJbHLie BOJHOBOAMI
HT. IL).

Puc. 1.

B cuay 3tux XKe [OPHYHH NpeiCTaBAsieT HHTepec TeOpHA AHbpaKIHH
Ha MEePUOIHYECKUX META/VIHUECKHX pelleTKax, Y KOTOPhIX Ha TepHOL NpH-
XOAMTCS MO HECKOJAbKY MeTalJIHUECKHX MOJIoC pas/HYHOH, Boofiie rosops,
WIHPHHLL (B JaNbHeiilleM TaKHe pelueTKH Mbl OyjgeM Ha3biBaTh MHOTO3/EMEHT-
HbIMH). PelleTkM ¢ AByMA JieHTaMH Ha Nepuoji (ABYX3JEMEHTHHIE) HCCeno-
BaHbl JOCTATOYHO IOJHO, H AUGPAKHHUA HAa HUX O6HAapyXKHBAaeT pAA CHelH-
¢uueckx codcTs [l], [, [3]. '

B Hactosiuieit pabGoTe NpPHBOAUTCA PpellieHHe 3aAavd AHPPaAKUHH SJEKT-
POMAarHHTHHIX BOJH Ha 3-3/IeMEHTHOW CHMMETPHYHOH pelleTke, T. €. peulevke,
HMelolell TpH JEeHTH Ha TNepHOA, OAHA M3 KOTOPHIX OTJHMYaeTcs, Booluie
rosops, OT [IBYX JAPYIHX, B MOXHO BbIOpaTh NOJOMEHHE Hauajla KOODAHHAT
TaK, YTO OTHOCHTE/bHO 3TOro Hayaja pellerka Gyaer cuMMeTpuaHoi (puc. ).

Meton penieHust HacTOsiulell 3alayH SABJASETCH AaJbHEHIIHM pasBHTHEM
MeToja, npeasoxeHHoro B pabore (4]
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3aMeTHM cpasy, YTO AOCTaTOYHO DAcCMOTPeTh ciyyai, Hampumep, E-no-
JIpU3allHH [ajawoiieil BOJIHBEI (BEKTOP HANPSAXKEHHOCTH 3JIEKTPHUECKOro MOJIS
napajjienieH JieHTaM pellleTKH), a ANd ciydas DpOM3BOJIbHOH MOJIAPH3ALHH
BOCHOJIb30BaTbCl MPHHILHIOM ABOHCTBEHHOCTH M MPHHIMIOM CYHEepNO3HLMH,
T. K. JONOJNHHTEJbHAas pelieTKa B 3TOM cJjydae TakK¥e SIBASETCS CHUMMETpHd-
HOH Tpex3J/eMeHTHOH.

I. CIVYAHA HOPMAJIbHOIO NAAEHUA

1. NocraHoBka 3anauu

Hccnepyemas neproguueckas peuleTka oOpasoBaHa GeCKOHEYHO TOHKHMH
H HJeaJbHO NPOBOASIIHMH METaJJIHYECKHMH JICHTAMH, PACIHOJONKEHHBLIMH TaK,
9TO Ha NEpPHOj NPHXOAUTCSA MO TPH JIEHTH, OJHAa H3 KOTOPHX OTIHYaeTcs
Mo UIHpHHE OT ABYX ApYrHX. PaccTosiHHe MeX1y IIHPOKMMH JeHTaMH d, IIH-
puHa y3koi JeHThl d’, paccTOsiHHE MeXAy BHEILHHMH KpasMH LIMPOKHX JIEHT
d", mepnop pemertkd . CucreMa koopauuaT (pHc. 1) pacnosnoxeHa Tak, 4TO
peuwieTka HaxomuTcsl B naockocTH XOY u oce OX napaniennHa JeHTam,
a Hayano KOOPAHHAT BBIGPAHO TOYHO MNocepefHHe Y3KOH JeHTH. Takum ofpa-
30M, JIEHTHl PacHoJaralTcs CHMMETPHYHO OTHOCHTEJIbHO Hauasla KOOpAHHAT.
Byzem cuutath, uYTO pemeTka OGeCKOHEUHO MPOTSKeHHAass BaoJb oceili 0X
n OY. Cgepxy (2> 0) HopMaabHO K 3TOMH pelleTKe NajaeT IJOCKas 3J1eKTpo-
MarHMTHasi BOJIHA

A Eman) — Eoe—ikz; H(nan) — Hoe-—ikz

(31ecb H pasee NpeanoJiaraercs, YTO MOJe 3aBHCHT OT BpPeMeHH Kak e—‘f),
TpeGyercs ompesenuTh MoJe, BO3HHKLIee B pe3yabTaTe AH(PAKIHH TaKoH
BOJIHBl HA peIleTKe.

Kak ormeuanocs Bhllle, 10CTATOYHO PACCMOTPeTh Cilydai E-nonsipusanuu
najawomei BOJHB, T. €. caydai, Korja

E{™D = g—ikz, EN — E10 _ , (1.1)

B cuny cHMMeETpHHM CHCTEMBl HCKOMOe 3JIeKTPUUECKOe TMoJe TaKkKe HMeeT
OTJUYHYIO OT HYJS TONBKO X-COCTABNAIOLLYIO, NOCTOSIHHYIO BAoJb ocH OX
M nepHoaHueckyio (¢ mepuonom !) Bioss ocu OY. [Tostomy 310 moJie MOXHO
npeacTaBUTh B Buie psga Pypee:

©0 2xin
Ex = 2 En (Z) e_l_y'

H, CJ€A0BaTeJibHO, 3allHCATb BBIPAXKEHHA A5 nonei B BEpXHEM H HHXHEM
noaynpoCcTpaHCTBaX B TaKOM BHAE:

2rin

El = ez 4 V aeme T 2>0

T ' (1.2)
El= % betmet’ 2<0 :
n=-—ca ~
rae
w=V - =3 (1.3)

(A — pnuHa napawoulei SJIEKTpOMaI‘HHTHOH BOJIHBI).

6 Paamorexnmka, Buwn. 1
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OTMmeTHM, 9TO COrJIacHO XapakTepy HckoMux noJjed (1.2) dusnueckun
cMbicn HMeeT Ta BetBb Kopua B (1.3), y koropoit Im} >0, a npu

ImV =0 ReV >0.

3ajaua. COCTOHT B OTHICKAHHH KO3pOHUHEHTOB a, H b,.
2. Onpepenenne kooshdHIREHTA NPOXOKACHHS H AMOJIHTYR
XRppaKUHOHHKIX CIEKTPOB

Y nopaersopeHHe nosiedi (1.2) rpaHHYHBIM YCJIOBHSIM Ha pelieTKe (NpH
2 = 0) NpHBOIHT K CJefYOIHM COOTHOLIEHHAM:

l4+a,=0by a,=b, ([n+0)

H
L] Mg
Y bet? =0 (na meramne), @.n
NRe=—o0
[ 2_:_"2y
Y be ' =k (Ha mensx). 2.1)

BeeneM ofGo3HaueHHs
- L kl 1
Xn=l—}-ll/:—,—l; (n0); x=o-=7;
w=y p—(Zf =201 @0y

xd, g w®d oy wmd
o= r="1 (2.2)

2. §_

‘ ’

OrmeruM, uto X, >0 npu |n|—> oo,
B ofosnauennax (2.2) ypaBHeHusa (2.1) u (2,1') npumyT BUJ

Y bt =0; mpu |o|<b; 0<|p| <O (2.3)

{ i=—a

}]o b | n|(1=X,) e = ix (bo—1); mpn 8’ < @ | < 0; 8" < o < 2u—b" (2.3")
B :

Huipdeperunpys ypasrenue (2.3) no ¢ u nosaras b,n = X,, nonyunm

Y X, =0 npu |o|<0; 6<|p|<b, 2.4

n+0

2 XnL:—Ie""’ = ixbo+f(e®) mpu 0’ <|p|<O 0 << 2m—0" (2.4)
\

ns0

3azech f(e) = —ix 4 2 X, ':-' X eine,

n+0
K cucreme (2.4) n (2.4') neobxoauMO N00ABHTL PaBEHCTBA, MOJIyYyaeMmble
u3 (2.3) npu noacTaHoBKe coorBeTcTBeHHO ¢ =0, ¢ = 43 W ¢ = —3, rne

8=6+0"
e X

2 ?
n+0
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n+0

—_— 2 {Ll e—-fflﬁ.
n

n+0’

Tlocneanne gsa paBeHCTBa 3arHIICM HECKOJIbKO HHauye:

—by, = 2—‘%‘ oS no; (2.5
0= E %’ sin nd. (2.57

Cuctembl, nonobHee (2.4) n (2.4),
pewatoress B [4] myTeM cBefeHHA K 3ajaqe
Pumana — I'uanbepta. B Hamem ciydae pe-
LIeHHe MOXKHO INPOBECTH aHaJNOTHMYHO, Tho-
3TOMy MBI NpHBeAeM 31eCb Cpa3y OKOHYa-
TeNbHBIH pesyabTaT. [IpenBapHTeNLHO BBEeM

clenyiomue o6o3HaueHHsT (pHC. 2): Puc. 2.
] Ha re L

R(E)Z‘V (&—a)(e—E)(&—ﬁ)(&—ﬁ)(&—x)(&—?) T
Ha nyre L,

Vi) == ) E_e VE—at—a)t—BE—BE—y E—ds

\ (EO E Ll)v

1 . .

Vo= o (V. @) R ev) eme o,
—B<p<—b"
0'<p«h
60" <p<2n—0",
1 . .
m = 5: S R (e*) e—ime do,
_o ~
o
6" <¢ <2n—B8"
R .
Ry = E ﬁcosm%; Ry = Z % ; R[,] = Z %ﬂsm m3;
m+0 m+0 m+0
R = 2 }Mcosmb RiG" = 2 Bmt RIGD = 2 R—Z‘—‘sin m8;
m+0 m+0 me0
(—2) Rm—a cos md; R( 2 _ Rm—s, R’(—?) Rm—s 3
Rioy ) m SMMY;
m+0 m+0 m+0
v V”
Ul = 2 —rcos md; Vig = y Wi = 2 —"sinms.
m#0 m+0 m+0

(2.5)

s (2.6)

J

HurerpupoBanse B opmysie aast Bbhluucnenus V, (§) Besercsa no BHyT-
PeHHell CTOpOHe AYTH L,, HHTerpan NMOHHUMAeTcs B CMBIC/E [J1aBHOrO 3HaueHUs.
Ias R (t) BuiGpaHa BeTBs pajHkaJsa, umeomas R (0) =1 (BbluncaeHHe 3THX

6*
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senuaun AaHo B § 4). C noMompio o6o3HaueHHil (2.6) peenne Hauei 3ana4H
MOXeT GHITh SalHCaHO B BHJE CJeAyiolled CHCTEMH ypaBHEHHWH:

0= ixbaV3 + X XX V5 + Vo'l + ACsRy + CR-1 + CiR_) =¥V

——bo = i*bovaﬂ -+ El Xuxn [Vﬁ’] + Vi_’i‘] +

n=

+ 2(CsRier + CR{7" + CIR{Z™) — iV
—by = inbUlsy + L_’l XX, Uiy + Uep1 4-

+2(CoRis + CRiF} + CRIF") — isUfy @1
0 = ixboWly + ni; XX, Wy + Wil +
+ 2(CsRisy + CRT" + CLRIG™?) — txW iy
X = ixboVo, + g; XX Ve + Va4
+ 2(CsRp + CoRppey + CiRpy) — iV, .
(m +0)

[Npusenennas cucteMa (2.7) sABAsETC GECKOHEUHOH CHCTEMO# JIHHEHHBIX
HeOJIHOPOAHBIX anre6paHvYecKHX ypaBHEHHH, U3 KOTOpPOH onpeaensioTca Kosg-
¢uunentol by u b,. 3aeck C,, C;, C;— HEH3BECTHHIE MPOMEXKYTOUYHbIE KOH-
CTaHTBHl, & CHCTEMAa BHIMHCAHA ¢ y4eToM Toro, 4to %_, = %,. KosbduuneHTsl
cucremsl (2.7) ynosnerBopsiorT ycioBHiM Koxa, H peilienue ee MoxeT ObiThb
HalileHO MeTofOM pexyKuuu. Tak xak X,— 0 mpu n— co, TO JJsl YHCJEH-
HOrO pelleHHs] CHCTEeMbl MOXHO NOJOXHTh X, =0 npd Bcex n > N u pewaTb
CHCTEMY M3 HEKOTOPOro KOHEYHOro YHcJa 7 YPaBHEHHUH.

3. CeoiicTBa TpeX3JeMEHTHHIX CHMMETDPHUYHBIX pPeleTOoK

Ilpn muccnenoBanuu AMGPAKIHOHHBEIX CBOHCTB CHMMETDHYHBIX pasHoLle-
NeBOH H pPAaBHOIIENEBOM JBYXSJIeMEHTHHIX pemeTok (pHc. 3, 6), 8)), mnpose-
JeHHOM B pabotax [1]—I[2], oT™euancs ¢akT caaboro BAHAHUS Ha aH(ppak-

,, IMOHHYIO KAapTHHY Y3KHX Ienedl peleTkH
'dd ] TMna 6) B caydae E-nosspusaumu napa-

[ —d— JOMIell 3IEKTPOMArHHTHOH BOJHBL H Y3KHX
a9 { JEeHT pelleTKH THNa 6) B caydae fH-no-
) — — —— — aspusaund. C [pyro#l CTOpPOHH, BJHSIHHE
) ———— —  YSKOH JIEeHTH peleTKH THNA 6) M ILeJH

pelleTKH Tuna 6) B cayuasx E- u H-noas-

Puc. 3. pU3aUHii COOTBETCTBEHHO OKa3bBaeTCs BECh-

Ma CYIIECTBEHHBIM. DTH CBOHCTBA CBA3aHbI

C HanpaBJeHHEM TOKOB Ha 3JeMEHTaX pelleTKH, HABOAMMBIX MaJatoilHM
3MEeKTPOMAarHHTHLIM 10JeM. B KakioM ciyuae BiHsIHMe Y3KO# JieHTHl H IIEJH
CBOJMTCH K TNOBLIUEHHIO POJIH UETHHIX TAPMOHHK B AHGPaKIHOHHOM CHEKTpe.
[TockonbKy TpexaneMeHTHasi CHMMETPHYHAsi pelleTKa HMeeT Y3Kyl0 Ileib
H Y3KYIO JIGHTY, B €¢ JH(PAKIHOHHOM CIEKTpe Takxke GYAyT npeobiajaTthb
yeTHble rapMoHMKH. Kpome Toro, ecnu WHpHHA Y3SKOH LIENH WM JIGHTH He
npesniiaer 0,05 nepnoaa (cM. [2]), To AudpakiuOHHble CBOHCTBA TpexsJe-
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.

MEHTHOH CHMMETDHUHOIl pellleTkKH B ciydae E-nonspH3aluM COBNAjalOT
CO CBOHCTBAMH pelleTKH THNa 6), B cJydae FH-mondpH3alnyu — pelleTKH
THo2 6). B 3TOM cayuae MOMKHO TOJIL30BATHCA pe3yJbTaTaMH PacuyeToB, MpPH-
BeneHHBIX B [1] W [2]. 3aMeTHM eiie, YTO €CJH BCE JIEHTH H e Tpex-
3;1eMEHTHOH CHMMETpPUUHOA peuwleTKH OJIH3KH APYr K ApPYry MO LHPHHE, TO
B AHDPAaKUHOHHOM CNEKTPe NOJIKHbI MNpeobnazaTb CAPMOHHKH C HOMEpOM,
KpaTHeiv 3. EcaM BCe JIeHTHl H wWeaH paBHB N0 LIHPHHE, TO B CNEKTpe
OTCYTCTBYIOT BCe [pYyrHe TapMOHHKH, KpOMe TeX, HOMep KOTOPHIX KpaTeH 3.
Takas peweTka SKBHBaJIEeHTHA OJHOIEMEHTHOH pelleTKe C NMEepHOAOM, B TPH
pasa MeHbIIHM [. DTO CBOACTBO TpPEXdJeMEHTHOH pelLIeTKH MOXeT ObITh
HCHO/MIb30BAHO /Ui NPOBEPKH NPAaBHJILHOCTH YHCJIEHHBIX Pacyeros.

4. BoiuncaeHue ko3ad(pHUHEHTOB

1. MMoaunoMun Q, (4, v, ©).

Onpezenid @ (2) Kak Betsb V' (z —a) (z — o) (2 — ) (2 — B)(z — 1)z —7),
rojoMopdHYl0 BO BceH IMJOCKOCTH 2 C paspe3aMH BJOJb pa3pbiBHOH IYyru

L, (puc. 2), cuntas ®(0)=1. Beenem @,(2) =V (z—a)(z—a); D:(2) =
=Ve—p@—py ®@=V(z—1)(z—7), npusen ®,(0) = 1; ‘1’2(0)—1
®;(0) =1 H paspesni NpoBeseHH MEXAY TOUKAMH a H a, P H B H | U 7

cooTBeTCTBeHHO. B Takom cayuae @ (2) = @, (2) D, (2) @4 (2). BBeneM 0603Ha-

ueHHA U = cos0’, u = c0s b, w = cos 0. DyHkuusa —— T ABAAETCA [POH3BOAAIIEH

l 2 :
51 IONHUHO T " <nh
In MOB Jlexanpa NG 0 P, (v)2” npu | 2| < |; aranoruyHo T, @

=YP, w2z npu |z| <1 u, HakoHell, Kak NoKa3aHO B [2], Al (yHKUHUH
0

Tl TaKxKe CIpaBefJIHBO ; (z) EP (w)z* npu |z|< 1.

Beenem mpu |z| < 1 pas.nomeﬂne

C ApYroit CTOpOHHI,

0= PO = (EP k(@) 2 ) (E Pi (“’2’)(2” (“”)Z')

=0

o n n—k
=Y 1Y Pe(u) ¥ P;(v) Popy (w)). 4.1)
n=0 k=0 J=0
OTclona
n—Rk

Q. (1, v, ) = E (Pr (u) Z Py (V) Pa—i—p (@) (n>0). 4.2

i
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Pekyppentuyio dopmyay ana Q, (¢, v, @) Jerko nony4uTh, AupdepeHiH-
pys (4.1) mo z u npHpaBHAB 3aT€M KOI(POHUIHEHTH NPH OAHHAKOBLIX CTe-
NeHsx 2:

(n—2) Qus— (22— 3) (4 +.v + ®) Qus + (1 — 1) (3 + 4 (uv + uw +
+ o)) Qpr—i3—22n— 1) {u+v+w+ 2uvw) Qs + n[3 + 4 (uv + uw +
Fu) Qi —@2n+ ) +v+w)Q,+(n+ 1)@t =0.  (43)
Jns nonyueHMA HHTErpajbHOrO NPeACTaBJEHHS MOJAHHOMOB @, (¢, v, w)

Heo6X0lHMO Bocmonb30oBaThesd dopmydnoit Kowmns. YuurtoiBasg, kpome (4.1),
. pasnoxeHue :

1 1
@ & D@ 0w mpa 2>,
0

JIErKO MNOJYYHTDH

Qn(a' v, W)= — TpTelT)'d?’
0°<|ol <0
Ipl >6”

1 3‘ ef(nt3)e

H, ¢ Jpyrofi CTOpOHHI,

1 (* e—ine
Qn (u, v, W) = ;jmd?.
05| >0
I9l>8”
Orciopa ile 3
i e “sin (n-l— ?) ?
G ow)=—3 @ (™)
0> pl >0’
lel>0*

de.

YuntniBag nobefende ¢yskuuu P (e?) Ha BceM NMYTH HHTErpPHPOBARHA,

JIETKO TIOJIYYHTD
]
1 [5' sin(n-l-—g-\)cpdcp
ny2 ¥V (v — cos @) (cos ¢ — u) (cos p — w)

—

Q,, (u, v, w) =

(%4

=

(4.9)

sin (n—}-%)?dv ]

T ) V{v—rcos ¢) (u— cos ¢) (@ — cos ¢)
4

Orciofa oueBUAHO (ecyim 310# opMyaoil onpenesuTs Q, mpH JiotoM n),

qaTo
Q—n (u’ 0, w) = _Qn—3 (u’ 0, w)- (4'5)
Henocpencrsennoe Brmucaenne Q_; no dopmysne (4.4) npu n = —1 npu-
BoAHT K Q| = 0. Tak KaKk Q_» = — Q_; = 0, T0 TeM caMbM opmynamu (4.2),

(4.3), (4.4) u (4.5) onpegenennt Q, npu Jo6oM n. [as yao6CTBa NOJB30-
BaHuA ¢opMmysion (4.3) BhITHLIEM

Q2=0;
Q-1 =0
Q=1
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Q=u+v+w;
Qs = 5 (@8 + 0 + ) + (20 + uw + vw) — 3 ;
Q= (@ + 0+ ) + 2 [ v+ ) + 0 (¢ +w) + 03w+ 0] +
+uvw——2—(u + v+ w).
2. Bouucnenne R,. Ilo onpenesnenuio
1 e—me
Ru=c | ey oo
0> o150’

vl >0

CpaBHHMBAsI C BHIPaXeHHAMH 417 Q, (4, U, W), HaXOAHM
1
Rn= TQm 4, v, w).

3. TlonunoMul p, (4, v, W).

Beegem
VaA—=2uz4+ 1V =2z 41 V2—-2wz+1 =
Yea(w, 0,0)2, (2| <), (4.6)
28 gp,. (@, v,w)yz—", (Jz| > 1). (4.6")

Nuddepenunpys (4.6) mo 2, nonyaum

g]Q,,z"{Eiz‘——Sz‘(u-l-v-l-w) + 2233 + 4(uv + uw + vw)] —
—62(u+vtw+ 2uvw) +2[3 + 4w+ uw+vw)) —@u+v+w)}=
‘=;P'n (u' 0, w) nzn—l'

# OKOHYAaTeJIbHO

Par1=CQrp1—2(m+0v4+w)Qr + [3 + 4(uv + uw + vw)] Qey —
—4[u 4+ v+ w + 2uvw] Qu—z + [3 + 4 (uv + uw + V)] Q3 —
—2(u+ v+ w) Qu—u + Qn—s. 4.7
Ecim nonoxuts Q, =0 npu n <0, To ¢ nomowsio (4.7) Jerko ompe-

ACTHTh 3HAUEHHA P, NpH JoboM n > 0.
4. Buuncaenne V, (5,). 3anuiem V, B Hecko/JbKo OTJIHIHOM OT (2.6) BHje:

Vet = g §sg 0@ ds

kouTyp I' nmokasan Ha puc. 2. Ha ocHOBaHMH TeopeMnl O BhIUETaX HMeeM

Va (8) = Res (0) -+ Res ().
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Insa mojcuera BHYUETOB BOCIIOJIb3yeMCs  CJIeAYIOIHUMH pa3/iOXKECHUSMH

MOALIHTEr paJbHOH (PYHKIHUH:

gin.goq)(z) = —2" Z Eo_p-’ 2‘72 we (¢, v, W) 2¢

(zl<D),
p=0 k=10
zz—%d)(z)=z”‘125‘:2‘"282!’*(“. v! w)z—k (lzl>l)’
p=0 0
Orciopa
Res (0) { 0 oOpH n >0,
-JZO Bon—1—p (%, 0, W) ;™' npu N —1,
243 npu n> —3,
RES (co) =" gol-"n—p-l--'i(u» v, w) Eg
p= 0 npu n<—3.
OkoHuaTesIbHO, TakuM o6pa3oM, noJydaeM
{ n+43
— 2 tn—ps3 (4, U, ) £, 2>0
—‘Eo "P‘z_P'lE Eo" n=—1
Va(te) = — iy ‘_Eo -—p,l—Eo, n=—2 (4.8)
— ! — s ——ao —1, n=—3
- p;o P—n—l—=p EO ’ 'i< —3.

5. Braucnenue V5,

BocnoabsoBasumuck (2.6), (4.8) © uHTerpajbHAEM NpeACTABJAEHHEM JJIA

Q. (¢, v, W), NErKO HAXOAUM

n+3

— 2 t1—p43Qm—p, n>0
p—0
[Qm +1 + P'an -+ Pqu—l + Qm—zl. n=—1
V:l = 9 '2‘ [P‘me+l + Qm+2 + l‘lQm + Qm—l]. n=—2 (4-9)
—% [Qm+s + 11Qmt2 + 12Qm41 + Qnml, n=-—3
-—n—]
1
—7 Z Pn—1—pQm+o+1- n<—3
p=0
6. Bommcnenne RGP, RGY n RFP.
(—k) Ry p — 1 Qns 1 . Qi — Qs
Rgh =Y =t= 5 e e e

m+0
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Bocnoaws3oBaBminch jganee (4.4), nuMeeM

]/(v — cos ¢) (cos ¢ — u) (cos ¢ — w)

S-'Sin(m,—-k+%)?—sin(—-m——k+%)ep
_ 5] =

V (v — cos ¢) (u — cos ¢) (w — cos ¢)

3 sin me
) Ccos (?—' k)? ——'n—
m=1

_ do —
nV2uwv-—cosv)(cow—u)(cow—w) ¥

3 sin my
cbs(i—k)q —

m=1 i
EV(o—cosw—cow)(w—cosv) d?] B

| [ cos(%—k)m—:e)

= 2V ) Vv —cos ¢) (cos ¢ — u) (cos ¢ — w)

COS |5 — Tn—
( k) 'P( ‘P)
jV(U

— cosg) (4 — cos 9) (W — cos §)

de —

dQ].
AHaJOTHUHO BHYHCJASETCA
3
cos (—§-— k) PP
=1 —5de +
21/27‘ g V (v — cos ¢) (cos ¢ — u) (cos p — W) de

S eos(%-—k)cp(n—:p) p ]
+,,,V(v—cos«p)(u—cosw)(w—cosw

H E
. (3
sSin (?—k) [

—k|
R{v] ! =

—A)
R( )

. (3
+85.V<v— (3-)r dg).

cos ) (4 — €os 9) (w — cos ¢)
7. Buuncnenwe Vi, Wiy u Ul Bocnonssosasucs (4.9),
AyUHM
n+3
— E pn—ptsRia”, n>0

n - (R{:q) -+ g R[Ol + p‘lR[o]l) + RE;Z)), n=—1
Via ={— (mlg&’ + RM + hRm +Ra", n=—2
- (Rfal’-l- mR@ + 1R+ Rio)s n=—3

- ( 2 P‘—n—l—pR[u] )' n < -_— 3
p=0

jrsador MBS

dp —

1
l/f-:c[(ﬂ:_a)-.g]/(a—coscy)(cosep—u)(cu;:sqa—w)‘kP +

JIETKO T110-

(4.10)
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Wi 4 Ul BHpakaloTcs TaKHMH Xe (GOpPMYJaMH, TOJLKO BMECTO R® HYXKHO

. 30) (k)
nucath Rif H Rj; COOTBETCTBEHHO.

II. CJIYYAR HAKJIOHHOro nmAJEHHS

B ciyuae HaK/JOHHOTO (MOX YIJIOM &) Maj€HHA 3JEKTPOMAarHHTHOH BOJIHHI
Ha TPeX3JeMEeHTHYIO pellleTKy MoJf 3aMHIIYTCA B TaKOM BHJE:

(Z>0) Eil)=e—&(yslna+zcmu)+ 2 a,,e,""ze‘h"”.

Ne=-—oa

(z<0) E(z) Z bae—itnzethny

N=—rcn

3zece

. 2
h, = —ksina +_l1:£; In =Vk’—(2t~")2(n—usina)’-

Ecau BeecTH Xa= ba(n—xsina) u Xo=1+i l/ (;l%ma),—l,mnpn

9TOM
1n=27"1|n—xsina|(l —X,)

H pellleHHe 3ajauH AMdpakuuu, Kak MoKasaHo, Hampumep, B [5], BEpaxkaerca
caenyiomesi GeCKOHEYHOM CHCTEMOA JMHEHHBIX HEOJAHOPOAHLIX YpaBHEHHH
(3zech BBeneHO OGOsSHAaueHHe xSina = @, j—lejas 4acTh @&, NPH 3ToM 4 (He
PaBHO LEJOMY YHCHY).

] ™y
)—(,,=—izcosaV?,,+22X_,,V"m+ 2 X.";:‘Z'Z.V&-l—
n=0 flwm =00

+ 2 (ClRm—-2 + Csz—l + Cng),
/

0=—ixcosaVy, +227,.17;:,,+ 2 )T,.'z:Zl‘i‘,.ViLﬁ
nm=0 nm—oco

+2 «:115:;” + CRG" + CyRie),

0——lICOSGW[0¢]+22XnW[e]+ 2 X ’n a'XAW’[‘V]_l-

n-o N=—os

+2 (CIR{;” + csz + CsRi),

0—-—txcosaUﬁ,,+2EX,,U[',] + 2 Xn In_alxnum—i-

n-—-—-

+2 (c,R[—"” + C,R{7" + CsR).
Koaclnq;pmﬂenm 3/1eChb BHIPAXKAKTCA CJEAYIOMHMHE (HOpMYyJTaMH:

(—k) Rm—k R Rm_» .
lo] RG" = 2 m—a’os m3;

m-—u me=-——e

o\ Rme
Rfﬂ B = 2 —_— * sin m?;
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. NS v n o v

_ " - .

Vi = o - 2 —m_cos md; L, = 2 2 sin m.
m=—- M= m=—e

OcranbHble KO3hULHEHTH He 3aBHCAT OT BeJHYHHBI yrJia najgeHus H CoB-
NajlaloT € COOTBETCTBYIOIMMH KO3p(HIHEHTAMH, MOJNYYeHHHIMH B peLIEHHH
32134y AudpaKUHH NPH HOPMAJbHOM MafeHHH S/EKTPOMATHHTHOMH BOJIHH.

IopcuutaeM

QR 1 Q_ .
S(—k) m—k __ 1 R m—k —m—Rl _
Ri™ = m—a 2 o +E(mha m+a)]
mw=]

m=—o

_1 Q_ MmQm _p—Q ), Q@ p+Q
{ k+2[ mi—a’ = + rn:-a’ S
m=i

[Monbaysace (4.4), EMeeM

2 m(Qu_p— Q—m—k)

. m’_aﬂ
mm=]
2 %sin (m—k+—g—)q:—sin (—m—k—l—%)q)
- —-a',;l/g[ A V (v —cos ¢) (cos ¢ — u) (cos ¢ — w)

fsin (m—k+—g)cp—-sin (—m—k+.g.)?d
— ?]=

), V(v —cos ¢} (u— cos ¢) (w — cos g)

. ' 0 (3 k) .
_ 2 m 1-[ cos T @ sinmyp do —
—m_lm'—a'ul/2 sl]/(v—cos?)(m?—u)(ws?—wl ?

2cos(%—k)cpsinmq:
¢, V(@ —cos9) (u —cos ¢) (w —cos ¢)

3 msinm
' cos(—2———-k)q) 'm’—a:
-l
= Y2 a‘]/(a—cosep)(cos?—u)(cow—w) i

3 msin me
= €os (—E—k)? m‘

m=|
— d ]=
eS,l/(u—cosnp)(u—cosc(:)(w—cos?) ?

11 [' ws(%—k)cpsina(n—?)

= Sh‘laﬂ—V-i dq)—

o V (v — cos ¢) (cos ¢ — 1) (cos ¢ — w)

_fv(ws(ﬁ——k)epsma(n—-?) ]

v — cos ¢) (u — cos ) (W — cos ¢) ?
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34ech MBI BOCIOJIL30BANHCh H3BECTHEIM COOTHOILEHMEM (CM., Hanpumep, [6]).

msinme __sina(x —

= 2simm?) npu 0 < ¢ <% U a— He 1leJoe YHCJIO.

m=1

INopoGHEIM o6GpasoM HalizeM

had 3
Ea(Qm—k+Q_m—k)=Q_k [f sln(——k)tpcosa(u-?) o
ma=l mt—a* a V2 sin an V (v—cos ¢) (cos ¢ — 1) (cos p — w) ¥

; 3
sin [azc —_ (—2-—1—0— k) gp]
' - dcp] .
G V(v —cos @) (4 — cos ) (w — cos 9)
OxoHyaTenLHO

. .
Bob_ 11 [ o ["“ - (% +a— k) (’]
2}/ 2sinan 4. /(v — cos ¢) (cos ¢ — u) (c0s ¢ — w)

do—

_ snfar = (3 +a—4) )

iV (0 —cos ¢) (u —cos ¢) (w—cosg)

AHaJorHyHHIM 06pa3soM

: 3
R _ __wsa(r—?) Sin(?_k"'a)q’ do 1-
e 2V 2sinax §* V(o — cos ¢) (cos ¢ — 1) (cos ¢ — W) ¥
S ]
cos ad I sm[(7-|—a-—k)q>—an]
2V 2sinan i V/ (v — cos ¢) (2 — cos ¢) (@ — €O )
H K
R(—lc) sina(x —?b) s'n('f_k+a)? dp —

2}/ 2sinax § Y/ (v— cos ¢) (cos ¢ — &) (c0S ¢ — @)

- 3
sinad \sin{(?+a—k)cp—an.'

2 Zsinan g7 /(v — cos ¢} (4 — cos ¢) (@ — COS P)

Has suaucnenus Uk, Viy u Wi, kak Jerko nokasats, MOXHO MNOAb-
30BaTbCA COOTHOIIEHHAMH (4 10), noncrasna B HalleM CJyuae BMeCTO Riq,

R RM BEJIHYHHB Rq, R,,, " R,,, COOTBETCTBEHHO.

B 3akniouenne aBTOp Bbipaxaer ray6oKylw GaarojapHocTb npodeccopy
B. I1. IllecronanoBy sa pykoBoacTBO paGoTOil.
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