HU3BECTUY -
TOMCKOI'O OPJEHA TPYJOBOI'O KPACHOI'O 3HAMEHHY ITO/IUTEXHUUECKOTO
HUHCTHUTYTA umenu C. M. KUPOBA

Tom' 156 | | 4 1969

JABUXEHUE MNMOJIAPU30BAHHOIO 3JIEKTPOHA,
OBJIAHJAIOILEIO BAKYYMHBIM MATHHTHBIM MOMEHTOM
B CKPEILEHHDBIX 3JEKTPOMATHUTHBIX MOJIAX

B. I'. BATPOB, B. A. BOPJIOBUILIbIH

B paGore HaiigeHsl HOBhle TOUHbLle peuieHHd ypaBHeHus [lupaxa anad
3/IEKTPOHA B OPTOTrOHAJbLHLIX IMOCTOAHHBIX H ONHOPOJAHBIX 3JEKTPHUECKOM
M MarHUTHOM noJAX. PaccMOTpeH BakyyMHbIE MATHUTHBIH MOMEHT 3J€KT-
POHA W MOJSPHU3ALHA 3JCKTPOHHOIO CIIHHA.

§ 1. YpaBuenue Jupaka aasi 3J€KTPOHA ¢ aHOMAJbHBIM
MAarHUTHBIM MOMEHTOM

JIBMKeHUME 3JeKTPOHA BO BHELIHEM 3JEKTPOMATCHUTHOM MOJE OMUChHI-
BaeTcsl ypaBHenuem Jlupaxa
oV

ih — =HY, (1)
ot
H = cp, (aP) - p, mc? — e, (2)
rje @, p — Mmarpuub Jlupaxa,
P : e %
P = —iky + — A — xuHeTHYECKHUH HMOYJbC,
C v

m — Macca NOKOs 3JeKTpOoHa,
i € — NOJOXUTe/bHLIA 3/1eMEeHTaPHBIH 3apsn, :
A ¥ ¢ — noTeHLHasbl BHEIIHEr0 3JeKTPOMATHHUTHOIO I0J4,
¢ — CKOPOCTh CBeTa.
Kak mnoxasaa [layau [!], ramunbToHuan (2) MOXHO O0GOGLUIUTH TAKUM
00pa3oM, YTO MOKHO YUYeCTh Ha/JH4yHe aHOMAJLHOrO MAarHHTHOrO MOMEHTA
y 3aekTpoHa. OGOJLIEeHHBId raMuJabTOHMAH B 3TOM CJAydyae HMEeT BHJ:

- — - —> - —
H = cp, (6P) + pymc® — e¢ + chy [p; (H) + p, (¢E)]. (3)
3nech
chp — aHomasbHasi (BaxkyyMHas) YacTb MOMEHTA
—~  3JEeKTPOHA,
* T8 1 04
H=rotA n E='— S V¢ — BHelIHee MAarHUTHOE M 3JIeKTpHYeCKoe
¢

noasi, OueBWAHO, TaMUJAbLTOHHAH (2) noay-
yaercd u3 (3) B uyacTHOM cayuyae p = 0.
PaccmoTpuM aBHMXKEHHE 3JEKTPOHA B MOCTOAHHBIX U OJHOPOJHBIX Op-

TOrOHAJbHLIX 3JEKTPHYECKOM M MArHWTHOM TOJAAX, NpHYeM OyjeM Cuu-
TaTh. £ s . '
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BriGepem cucremy KoopauHzaT Tax, 4TO OCh 2 Hampas.JeHa B/OJbL Mar-
HUTHOTO NOJSI, OC> ¥ — B10.1b BEKTOP3a 3J1eKTpuuecxkoro noJasi. B coorser-
CTBUM ¢ HawuMm ycaosueMm £ < H nonoxum E = Hsinv, rae n — Hexoro-

pEIil yroa (#;— <MK ;— \
[Torenuuasel anempommmﬂoro noJsst ya00HO BbIOpPATh B CJaAe1YIO-
IeM BHJe:
A,=—yH, Ay=A,=0, o = — yHsinn.
Jlerxo BuaeTs,, 4TO B 3TOM CJayuae raMu/ibToHuaH (2) u (3) He 3aBu-
CUT OT BPeMEHH, M MOKHO HCKATh CTAl{MOHApHOE pelieHue ypaBHeHuqd (1).

0x

KOMMYTHPYIOT ¢ raMmujasrToduasom (2) u (3) u apyr ¢ ApPyroM H, cJaej0-
BATEJABHO, SIBJSIOTCA HHTErpagaMu JBWxkeHwu:1. TaxuMm ob6pa3om, CTaluHOHAp-
HOE pelienne ypaBHeHu1 (1) MOXKHO NOAYHHUTH JBYM JOHOJHHUTEIbHbLIM

VYPaBHEHHAM

MOKHO TaKxe yCTaHOBHUTH, UTO onepartopsl Py = — ih 98 Hp =—ih
. F4

P,W =hw, ¥, p, ¥ =hx, V. (4)

C yuerom ypasHenui (4) cranuonapHoe pemenue (1) 3anmuumiercd

B BU/]E
W = L-Texp |{— icKt + ixyx + iKks2} 9 (1),

Ko eH
t=q@—~A,x=~—.
W ch

9)

31ech
g M K, — HeHu3BeCTHble NOKA NOCTOiHHEIE,
BeqnunHa K cBs3aHa ¢ sHeprueil ¢ = ch/ siexrtpona.
CnuHop ¢ (£) ynoB/aeTBOpsAeT CJaeLYIOUed cucTeMe ypéBHEHHI:

[K__KO'—P'H_ (K:+ 7:>sin'f7]'?1—

| A
Yy— KgP3 = U,

A d
Lt Wy e T B e —)
(1 9 — P n 7 (]dt

/

; t
[/{A o v — (4 *—) sin‘fz] 4y —
i ) t d ,
=5 (’fl S i TSI Y < g —— ) by + K395 =0,
g

; t \
[ st (st 2 ama]

/ i s & 1t d :
— \Kl — Ky -+ pH sing — — —q —> by — K39, =0,

vy . t_‘ .
[K S T e (/v': + = )sm M| % —

¢ d
— |k, — Ky — uwH sinq— JE . C]-—) Y1+ 1y 0 = 0,
q dt

mc
rpe K,=—.
h

216



Pemenue cucremnsl (6) cyuiecrsenso pasauuyHo npu |sinz| <1 u npu

s
sinn| =1 e e
| sin 7| (n w2)

§ 2. Pewenne ypaBHeHus1 Jlupaka jijisi HEPABHBIX noJeH

3
Paccmotpum cayuait |siny| < 1. B atomM cayuae peuieHue ypaeHe-
Huil (6) MOXKHO B NPHHUMIE [10JAYYUTh Npeojpa3opanueM JlopeHTia pe-
weHua ypaBHeHuda Jlupaxa pas uucto MmaruutHoro noad (7 =0). Takoe
peutenne uspectHo [2]. Jlerko ydeaurtsci, uto B cayudae |sinz| <1 pe-
lIeHne cucteMmbl (6) caeayeT HCKAaTh B BHJE:

Q== U () F B, Upgilt), 1=1,2,3,4, i k)

31ech a;, U 3; — HEKOTOpPble NMOCTOAHHBIE.
®dyukuun dpmura U, (¢) cBsizanbl ¢ noanHomamu 3pmura H, (1) cae-
JVIOIHM COOTHOIIEHHE M:

1 4 z_
Ut =ieees 1/ L€ " H, ()
V.2 nl l/

U YA0BJCTBOPAIOT (PYHKIIMOHAJABLHBIM YPABHEHHAM
s VS Lhp=tl o Uit =t = Vonl,, (8)
[Toacrasanza Bolpaxkenul (7) B cucremy (6) M HCNOAbL3yAd COOTHOLLIE-
Hu1 (8), npupasuieM HyJ0 Kosdduumenrst B ypasuenuax npu U,, U,_i,
tU,, tU,_,. Tlonayuum BCcero uieCTHaAUaTh OJHOPOTHLIX JHHEAHBIX YPaB-

HEHUA OTHOCHUTE/IbHO BOCHMH Heu3BecTHsIX #; U §;. Pewaa stu ypaBuenui,
NPHAEM K BBIBOAY; YTO pELICHHE BO3MOKHO, €CJH

e — K, — K sin»
qzlfTCOSna K'_’.:l—.)l[)—a
Cos* 7]
OTKYJa CJepyeT B Cuay (9)
e Ksinn — K
t=V7€OS'fz(y+ - ‘>- (9)
: cos* 7
Benuuuubl o, u $; UMEIOT NMPH 3TOM BHJ:
My = c4sin1, Xy == c._,‘cosﬂ, = Co Sin -, a; =c4cos;’2—;
2 2 2
(10)
gt ) 4 sk =)
i =8 cos; , B =c351n§, B c3c032—, B, = ¢, sin o0
[TocTosiHHble €; Y/IOBJAETBOPAIOT CJAeAYIOLLRH CHCTeMe ypaBHEHH;
(d — kg —pHcosn) e, +V2yncosne, — k; 6, =0,
(d —xy+ pHcosn) e+ V 2yneosves + k¢, =0,
(11)

(d + Ko+ pH cos ) c; + V' 2yncos e, — Ky ¢, =0,

(d + Ko — pHcosm) ¢, + V' 2yncos ney + ky¢, =0,
; A K—k,siny
oS 7
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Jlas Toro, 4toSsl GyHKUMA (5) GbiIa HOPMUPOBAHA HA €MHHUILY, He-
00X0/AHMO BLIIOJHEHHE COOTHOIIEHHS

: :
Elcilzzl- (12)

i=1

VcaoBueM paspeiinMocTH ypaBHeHud (11) siBasercs paBeHCTBO HYyJIO
onpeneauteas cucrems. OTcooaa noJayyaeM YPOBHH 3HEPrHHu 3JeKTPOHA

K = K sinn + cos Vx§ 4+ (V 2+ 2thcosnm -+ Cp H cosm).

3nech £ =-1. Benuuuny { Mbl BIOCJEJCTBHH CBAXKEM C OpHEHTALHel
cnuHa 3JjexkTpoHa. Takum o06pasoM, yyeT aHOMAJbLHOTO MArHUTHOTO MO-
MEHTAd CHHMAeT BLIPOKJEHHE TO CIHHY.

Ecau B (11) nosoxurb =0 (He yUYHUTHIBATH AHOMAJbHbII MArHUTHBI
MOMEHT 3JeKTPOHA), TO BMeCTe C OlpejeauTeseM CHCTeMbl 00pallanTCcs
B HYJb BCe ONpele]HTeJH TpeThero nopsaaxa, u ypaBHenusa (11) naxe
npu ycaoBuu (12) He UMEIOT e JMHCTBEHHOI'0 PelleHUs. JTO CBA3AHO C TeM,
4TO HAapAAy C YPaBHEHUAMU (4) BOJHOBYIO (PYHKLHIO MOXKHO NOAYHHHUTH
JIOMOJIHUTELHOMY YPABHEHHUIO (OMUCHIBAIOILEMY OPHEHTALLUIO CIIUHA 3JRKT-
pona). B cayuae p < 0 cucrema (11) npu ycaosuu (12) umeer eJUHCTBEH-
HOEe pellleHue, OJHAKO, KAK Mbl YBHJHMM HHXE, U B 3TOM CJAy4ae BOJHO-

BYIO (by}{KLlI/IIO MOXHO INOJAYUHHATH JONOJHUTEJBHOMY CIHHOBOMY YypaB-
HEHHIO.

§ 3. Pewenne ypaBuenus Jlupaka ajas paBHbiX N0 BeJHYHHe NOJei

Ypasueuus (6) npomyckamoT TOYHOe peuieHne u B cayuae £ =H

(n =2—> ITOT caydail He MOkeT ObIThb NoJydeH mnpeobpasoBaHuem Jlo-

pPeHTLA M3 YHCTO MArHuTHOro noJss. OkasblBaeTcs, CIEKTP 3HEePruH 3JeKT-
poHa sBJsieTCd B OTJAMYMe OT cayuas £ < uenpepoiBHbIM. Peuenue
ypaBHeHuil (6) B 3TOM cayuae cJeayeT UCKATh B BHUJE

b= Q [2 P (£) + 5, @ (¥)], (13)

rae  o; U B, — MOCTOsIHHbIE YHCJA, ,
(Q — HEeKOTOpbI# HOPMHPOBOUHBIH MHOMHTE/b,
D(f) u D' (t)— byuxuus iipu u ee npoussoanas [3],

@ (1) =#: 5‘ e (i M)dx. (14)

Gyuxkuua iipu yposaersopsier aupdepeHLHaILHOMY Y PABHEHHUIO
D" —tP =0. (15)

|

[Toncrasass ewipaxenus (13) B (6) npu ycaoBuu *r‘.=é— M NpUpaB-

A

HuBasi HyJaio0 ko3pduunentel npu @, @', tP, tP’, noaydum CHOBA lie-
CTHAALATh YPaBHEHHHd JJsi BOCbBMH BEJMUUH a; U §;, KOTOpPble HMEIOT pe-
lIeHHe MPH YCJAOBUH

q e {;/QT (K_ Kl)’
K =g, + tpH + VK2 + K} + (k3 + CoH — k&, .
B stom cayuae u3z (5) caenyer

= VW= (y—"2).

/
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3necs <=+ 1 cBA3aHO, KaK BBIICHUTCA JaJjee, C OpHeHTalued cnuHa
3/J1E€KTPOHA (Cae10BaTesbHO, NpH g 50 H 37€Ch BLIPOXK/JAEHHE 110 CIHHY
cHuMaeTcs). KBasuumnyanc x, MOXHO paccMaTpuBaTh 37€Ch KAK HOBOE
KBAHTOBOE 4YMC/I0. 3HAK Iepel KOPHEM B BBLIPAXEHMH jAJs 3Hepruun K
BbIOpaH U3 ycaoBH#A, 4TO QyHKUMH (13) no/xHB yObIBATH B CTOPOHY MO-
JIOXHUTEJIbHOIO HANPABJCHHA OCH Y (3JCKTPOH JBHMEHHS NMPOTHB 3JAEKT-
puuecxoro mouaal). Kax usBectHo, npu GOJMLUINX MOJOWKUTEABHBIX ¢ QYHK-
LKA DUPH M ee NMPOU3BOAHAs OLICTPO yObiBaOT [3].

Peuwrenne ypaBHeHM#l 144 @; M B; NPU TaKHX YCJAOBHAX HMeeT BHJL:

. a, = A (K — K, + Ky) + Bxs,
ay = Az — B (K — Kk, + Ky),
Fuon Aky + B (K — Ky — K,),

(16)
a; = — A(K — &, + Ko) + Bk,
Bi=Ps= VQY (K1) A,
B2 =B =¥/ 21 (K—#)) B.
Beanuntol A 1 B MOXHO MOJAYHHUTH YCJAOBHIQ
AA+ 4+ BB+ =1, (17)

a HOPMHPOBKY yuTeMm MuoxcuTesemM Q B ¢opmyae (13). Ecaum p =0, Tt0
koapduunentst A u B paxe npu ycaoBuu (17) He ompenessioTcss OJHOC-
3HAayHO M3 ypaBHeHuid Jlupaxa u TPeGYIOT A4 CBOEro ONpejeneHusd J10-
MOJHUTENLHOTO CHHUHOBOro ypaBHeHHs. Ecaum p =20, 10 aas A u B noay-
qaloTcs npu ycaosuu (17) sHaueHu:a

g e Ly L (18)
2 2 .

']

[lpoBeneM HOpMUPOBKY BOJMHOBHIX (yHKUHi (13). B cocroaHuax we-
NPEPLIBHOTO CNEKTPa HOPMHPOBKY MOXKHO MpoussecTH /100 Ha o (K—K'),
aubo Ha (K, —Kg). HopmupoBka dyuxuuit (13) moxer ObiThb HaHjpeHa
CaAeAyUHM 00pasoM.

CocraBasieM BbIpa}x.eHue

1(x)=[e 3 () 4,(8) dy,

Li=1

rjie WTPUX NHEH ¥, o3HauaeT apyroe cocrosuue (K’), » — HekoTopas mno-
JOXHUTEeJNbHAA KOHCTAHTA. 3aTeM BBIUHCAAEM: 3TOT HHTerpaa u tpedyem,
uro6bl npu »—0 ¢yukuua [ (»)— 6(K — K’). Buipaxenue [ (x) MOKHO
BBIYHC/IUTH, BOCINOJbL30BABUINCH CJ€AYIOUIUM HHTErpajioM

o0

T v W, v )= | ey @y —v) @ (vy—v)dy,

v

—00

KOTOPBI MO»HO BBIYHUC/AUTH C MOMOILBIO HCKYCCTBEHHOro npuema. ®PyHk-
uuio @D (' y —v') 3aMeHuM HHTErpaJbHbiM mnpejcraBaeHunem (14) u me-
HsieM MNOPSAJ0K HHTerpupoBaHus. Mcmosab3ys jpajnee W3BECTHbII HHTErpaJ

” My

5 e Dix)dx =Y w e ,

—00
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MOJKHO OKOHYaTeJbHO TMOJAyuuTh wuHTerpan J(p, v; v/, v'; ») B caenylo-

1eM BHJE: 7

J{w; v ', V)= : VT:‘ es D (M),

fpt =]
IR ot AN AR S

pl—pd T 3 (pf — )
Mo KB (ph ) e X

(p° — p2)% '

[Tocae storo BuluucaeHue / (x) He NMpeACTaB/IACT CYLI@CTBEHHBIX TPY/L-

nocrefi. 3uasa uHTerpaa [/ (x), MOXKHO NOJYUYHTh HOPMHUPOBOUHBIA MHOXH-
teslb (M NONYTHO J0Ka3arh OPTOTOHAJILHOCTH (PYHKUHI (13)).

Q=[2r(K— 1)V 2 (K—x)]"" npu HopMmupoBke Ha o (K — K'), .
Q= [2r(K—x)V 21 (K= k)] " npn HOPMHPOEK2 HA B (Ky — Ks).

I

OrveTum, urto pelueHue ypaBHenusi lllpeanmHrepa /s CKpelleHHbIX
noaxeit (cMm. [4] ctp. 146) mpu Jai060M cooTHOlIeHHH Mex Ay £ u H npu-
BOJIMT K JIUCKPETHOMY CIeKTpy. Takas CHTyaluHs CBHACTRALCTBYET O TOM,
uto cayvail £= H, E | H He uMmeer yJOBJAETBOPHTENbHOI'O HEpeasiTHBH-
CTCKOrO MNpHIJAHKEHHd. ITO TeM €oJee yJIHBHTENbHO, YTO CJaydail 4uCTO
9JEKTPUUECKOTO MOJs HMEeT pasdyMHOEe Hepe/siTHBHUCTCKOE MpHOaAMKeHHe
(cm. |3], ABHIKEHHE B OJHOPOJHOM TMOJe€), TOrJa Kak ypaBHenue Jlupaxa
JUId YHCTO 3JMEKTPHYECKOro MO0Js1 BCOOLLE He HMEeT KOPPEeKTHHIX pelIeHHI.
Takum 03pasom, noJyuyeHHOe HOBOE TOYHOE KOPPEKTHOE pelleHHe ypa-
BHeHMs Jlupaka mpejicTaBadeT HeCOMHEHHBIH (U3HuecKuil MHTEpecC.

§ 4. Moasipu3auus cnuHa 3J€KTPOHA

Kax u3BeCTHO, 3JMeKTpPOH 00./1aJaeT YeThpbMs CTENEHsIMH CBOOO/bI.
CaepoBarenbHO, Hapady ¢ ypaBHeHusiMH (1) u (4) BoIHOBast QYHKIUST MO-
KT YJOBJIETBOPAThL €Lle OJHOMY JIONOJHHTEJABHOMY YPaBHEHHIO, ONHChI-
BAIOIEMY OpHMEeHTAalHWIO CnHHA 3/aexkTpoHa. CyullecTByeT /Ba THNA KOBA-
PHAHTHBIX CHHHOBBIX OINEPATOPOB, SBASIOLUXCA HHTErpajaMH JBHKEHUS
B HallleM CJyuae.

Jlerxo ycraHoBHTBH, 4TO onepaTop

T = (sP)sine+ Tycose — T,sinnsine, T =mcp,6 + p, P,

SBASIOUIMACS CBEPTKOH UYeTHIPEXMEPHOIO BeKTOp-Olepatopa ChHHHA [5]
C HEKOTOPbIM MOCTOAHHLIM 4-BEKTOPOM (¢ — NPOM3BOJBLHAA IOCTOSTHHAS
(hasa), xomMyTUpyeT ¢ ramuiaptroHuaHom (2) mnpu p =0, a Takxke ¢ onepa-
Topamu (4) W, CAe10BATRABHO, SIBASETCA JAOMOJHATRABHLIM CIHHOBLIM HH-
TErpajsoM JIBHKeHHA. TOUYHO TaK e MOXKHO OJHapy:KHThb, UTO ONEpaTop

L= M,sin¢sinn+ M;cos o + e, cos osiny — g sin o,
M =mco -+ p, (eP) + hp {H— (eE)}, e = — ps (s P),

SIBJASIIOLMICH CBEPTKOH 4YETHIPEXMEPHOr0 TEeH30pa CHMHA BTOPOrO paH-
ra [5] ¢ HEKOTOPBHIM MOCTOSIHHBIM TEH30POM (¢ — CHOBA HEKOTOpast MPOHU3-
BOJIbHAs (asa), KOMMYTHpPYeT C raMuJabToHHaHoM (2) npu p =0 u ¢ one-
patopamu (4), T. e. TaKkke SIBJASETCS CIHHOBBIM HHTErpasioM JBHIKEHHS.
Taxnm obpasom, npu ¢ =0 umeiorcsa ABa onepartopa cnuHa. OJHAKO OHHU
HEe KOMMYTHPYIOT JAPYT C APYrOM, W, CJA€AOBATeNbHO, JJAS OMNUCAHUS CIH-
HOBBIX COCTOSIHHMI HYXHO BbIOpATL JIHIIL OJMH H3 HHX.
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-

[lpu p 5 0 onmeparop T nepecraer ObITh HHTErpaJaoM JBHxkeHus. Omne-
patop L ocTaeTCs MHTErpaJoM JABHKeHHs JHIb npu ¢ = 0. Takum obpa-
30M, HaJMYHE AHOMAaJbHOTO MArHMUTHOTO MOMEHTa pPEe3KO OrpaHHYHBAET
BBICOP BO3MOXKHbBIX CIIMHOBBIX ONEpPaTOPOB.

PaccmoTpuM CHavana cayuad HepaBHBIX mnoJgeit (|sinz|<1). Monuu-

. Hssl BOJHOBYIO (PYHKIHIO ypapgHeHHIO (p = 0),

TV =ChiW (L= 3+'1), (19)
st kK03(pdUUHEHTOB ¢; TOJAYyYUM JONOJHHTRAbHO K (11) cucremy ypas-
H2HHH:

(Kocos 2 — Ch) ¢s + [(d — k) cos msing + K cos @] ¢, = 0,
[(d 4 ko) cos msin ¢ + k3 cos ¢] €5 — (Kgcos @ 4 Ch) ¢, = 0.

: (20)
(kocos ¢ — k) ¢y + [(d + K,) cosmsing + k3 cos ¢] ¢; =0,

[(d — Ky) cossino 4 K3 cos ¢] ¢; — (KgLose + )¢, =0.
M3 ycaoBus paspewnmoctd cuctembl (20) noayudaem

L=V ki (cos®e + cos?ysin?¢) + [(K — K, sin7) + x3 cos q]2.

Cosmectno pewas (20) u (11), noayuum ¢ yuerom (12) caeayrowuit

BU/L KO3(DPHUHEHTOB ¢;:
1
Cl'-:A-‘/;(l 1["%))’

== G,
02231/2—(1+d—’),
e V2yncosmB + ik, A
V2d(x, + d)
V2tncosmA + «; B
V2d(k, + d)

A=a\/1—<1+gq),

2

Bz—:\/l—(l—tq)
2 = )

e (d + k) (K3 cos msin ¢ + Ky cos @) + K3 COS @
i " (d + %)
(d + x,) cos msin ¢ - 15 cos @
| (d + K,) cosmsin ¢ + k308 9|

C3

: ]

C4=—.

b

b

N
Q==

[Tonuuuss BoMHOBYIO QyHKLUHIO ypaBHeHHIO (¢ = 0)
LV 2 (R AL = =k 1), (22)
1151 K03(ppuLKMeHTOB ¢; AONOMHUTEbHO K (11) moayuum
(d cos ¢ cos — ¢k ixg cos msin @) ¢, +
+ [ (d — Ky cosn sin @ 4 K3 cosncos ¢] ¢; = 0,

[ (d + &) cosm sin @ 4 K5 cos Mcos ¢] ¢, +
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+ (d ces qcos p + ¢k + ik, cosmsin @) ¢, = 0,
(d cos Mcos p — ¢ch — ik, cos M sine) ¢, + (23)
+ [Z (d + &) cosmsin ¢ — K53 coSsncos@)] ¢y =0,
[{ (d — &) cos v sin ¢ — Ky coscose] ¢, +
+ (d cosmcos ¢ + ¢h — Ikzcos v sin @) ¢5 = 0.

3 paBeHcTBa HYJ/I0 onpejesaurteass CUCTeMbl (23) umeem

A=V (K —x,sinn)? — cos?v (kK + K} sin® 9).

CosmectHoe pemienue (23) u (11) NpUBOAUT K pe3yabTaTy:

K _l.cp+r<!>
g]/l——ge 2 ),
(5 d

b=V Kicos*e 4+ 2yncosy,

rie 0503HauYeHo

H yroa @ onpeiensieTCs COOTHOIIZHH 2M:
K,sine
V #§+ 21ncosy

[Tpy yuyeTe aHOMa/NLHOrO MAaTrHMTHGTO MGM:HTAa 3/12KTpoHA [dopumy-
Jol (24) coxpaHAIOT CBOfl EWJ, eC/iM B HHUX NOJOXKHTL ¢ = @ =0,

Upoao;m AQHAJIOTHUHSIE BBIYHCJACHHA JUISI C/Iy4asd PapsH-IX MO BRJAHYH-
He noJsied, moayyaeMm Jas omeparopa T (npu p = 0) npekH22 3HAU2HU2 A

T
(19), (20) npu yecreeun 7= — u caeaywowu2 kospduuuenta A u B:

A=l S lTgeHe 3% )
I/Q( ESL T

sin @ =

. (N—x))sino 4 x3cosce
| (i — Ky) sin@-+x5 08 ¢

Jos cneparopa L (22) B cayuazs p =0 umeaM

o g S LR o R e
. A R, 08 —_— 0
‘4:_[!/ %y C_(‘,Ob(?7 B::.I/ _l_ ;(,\)bKJ.
- 5]
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Has ¢#+0 A u B onpenenenn ¢opmyaamu (18). Taxum obOpasom,
3asaya o0 OTBICKAHWM pelileHHil ypapHeHus Jlupaka Ajs MOJAspH30BAHHOTO
3JEKTPOHA, JABHMKYLIEIOCd B CKPEUIeHHBIX INOJSX, MNOJHOCTHIO peIleHa.

MBI BHAMM, YTO y4YeT OpHEHTAallHi CIHHA 3/JEKTPOHA I03BOJSET OJ-
HO3HAYHO OMpeles]HTh CHHHOBblE KO3(QQHULHEHTH B BOJTHOBOH (YyHKIMH.
Hasuuue aHOMaJbHONO MarHMHTHOIO MOMEHTA 3JEKTPOHA PEe3KO OrpaHHuH-
BaeT BBIOOP BO3MOXMHBIX CIIHHOBBIX OMNEPAaTOPOB H NPHBOAUT K CHATHIO
CIIMHOBOTO BBIPO K /1€HHSI.
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