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MyJIJ,.THDOnLHOe MarHBTHOe none, C03,D.asaeMOe CBCTe

MOH nBHeiHwx npoBO.D.HBI<OB, pacnono.>KeHHWX B.D.OnL o6-

pa3yro~eH UBJIHH,D.pBqeci<OH DOBepXHOCTB, HCnOnL30BanOCL 

M.C.Ho4Mile B .D.P· /I/ .D.JI.II no,D.asneHBJI MarHBTorH.D.PO.D.HHa

MHqecxoi HeycToiiqHBOCTH nna3MeHHOrO WHypa H B TOH HnH 

HHOH MO.D.BciiBI<aUHH HaXO,D.BT npHMeHeHHe B MarHHTHLIX no

symxax ,D.n.ll y,D.ep.>KaHHJI nnoTHOi nna3MW. B pa6oTe/
2/ 6wno 

npe,D.nO.>KeHo HCnonL30BaTL MynLTHnonLHOe MarHHTHOe none 

,D.n.ll YCHneHHJI clloi<yCBpOBI<H B yMeHLWeHHJI noTepL qacTHU npH 

yCKOpeHHH Koneu B KOJIJieKTBBHOM MeTO,D.e YCKOpeHBJI. 

He.D.aBHO Ha ycTaHOBKe THna "AcTpoH" c noMo~Lro KBa.D.

pynonLHOro MarHHTHOrO non.ll 6wna 3KCnepHMeHTanLHO ,D.O

Ka3aHa B03MO.>KHOCTL no,D.aBneHHJI npeueCCHOHHOH HeycToi

qBBOCTH Bpa~a~erOCJI nnOTHOrO 3neKTpOHHOrO crycT

Ka 131 • 

B ,D.aHHoi pa6oTe aHanBTHqecKH noKa3aHo B paMKax 

O,lJ.HOqacTBqHoro npH6nH.>KeHHJI, qyo a3HMyTanLHo·HeO,D.HO· 

pO.D.Hwe H, +H¢ non.11, co3,D.asaeMwe BHe spa~aJOIUerocJI 
nyqKa CHCTeMOH ai<CHanLHhiX npOBO,D.HHKOB C TOKOM, npHBO· 

,D.JIT K C.>Ka THIO paBHOBeCHOH op6HTW H cy~eCTBeHHOMY 
ysenaqeHHID qaCTOT pa,D.HanLHhiX CB060,D.HWX KOne6aHHH. 

Tew caww.w oTKpwsaeTCJI B03MO.>KHOCTL cTa6ana3aUHH He

KOTopwx onaCHWX HeyCTOHqHBOCTeH DO Bpa~aiO~XCJI nnOT

HhiX nyqKaX /npeuecCBOHHOB, ,D.ByxnyqKOBOH THna "3MeHKH" 

H HeycToiqHBOCTH OTpHUaTenLHOR MaCChi/. 

1. Hoc•aHoeKa 3a<>a'lu u ocHoeHwe ypaeHeHU.R 

llycTL no oxpy.>KHOCTH :UBJIHH.D.pa pa,D.Hyca Ro pacnono

.>KeHw 2N npOBO,lJ.HBI<OB napaJIJienLHO o6pa3yJO~ei UHnHH,D.pa 
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Ha paBHOM yrnOBOM paCCTOJIHHH .Qpyr OT ,Qpyra. TOKH B co· 

Ce.QHHX npOBO.QHHKaX npOTHBOnOnO~HW, H, TaKHM o6pa30M, 

scero HMeeTc.ll N nap nposo.QHHKOB c pa3HWM HanpasneHHeM 

TOKa I . 
B npHHUHne B03MO~a KOHcllHrypaUH.II H C O.QHHaKOBO 

HanpasneHHLIMH TOKaMH, npH 3TOM nepHO.Q MO.Qyn.IIUBB non.11 

6y.QeT s .QBa pa3a 6on&WHM, 11eM s nepsoM cnyqae, a rny-

6aHa MO.Qyn.IIUHH • npHMepHO B ,QBa pa3a MeH&Wei. 

B .Qan&HeiweM MW 6y.QeM paccMaTpasaT& KoHcllarypauaro 

C npOTHBOnonO~HLIMH TOKaMH, o6pa3yiOJ.UHMH Myn&THnon&· 

Hoe MarHHTH~ none. Pa3MepLI nonepe'IHoro ce'leHH.II npo

BO.QHHKOB 6y.QeM C'IHTaT& ManLIMB no cpaBHeHHIO C pac

CTO.IIHHeM Me~y npOBO.QHHKaMH no .Qyre OKPY~HOCTH 11R0/N. 
Y'leT KOHe'IHOCTH pa3MepOB BnH.IIeT TOn&KO Ha aMnnHTY.QY 

Myn&THnon&HOrO non.ll H nerKO MO~eT 6LJTI:. npOH3Be.QeH /4/ • 

liy.QeM C'IHTaT&, 'ITO,nOMHMO MarHHTHOrO non.11, C03,QaH

HOrO CHCTeMOB np.IIMOnHHeBHLIX npOBO.QHHKOB, B,QOn& OCR 

CHCTeMLI C03,QaHO npO.QOn&HOe O.QHOpO.QHOe MarHHTHOe 

none Hz, o6ecneqasaro~ee spa~eHHe ny'IKa. 

BLJpa~eHHJI ,Qn.ll KOMnOHeHTOB Myn&THnOn&HOrO MarHHT

HOrO non.11 CHCTeMLI np.IIMOnHHeBHLIX npOBO.QHHKOB B BH.Qe 

p.II.QOB <l>yp&e no a3HMyTan&HLIM rapMOHHKaM H3BeCTHLI 

/CM./4/ /; B UHnHH.QpH'IeCKOH CHCTeMe KOOp.QBHaT r , cp , Z 

OHH HMeiOT BH.Q npa r $ R 0 : 

4NI "" N(2k+1)-1 
H =- --I (.!... ) sinN(2k+l)cp, 

r cR
0 k=O R 0 

/1/ 

4NI "" r N(2k+0-1 
H¢ =--·I ( -) cosN( 2k+ l) ¢ 

cR0 k=O R0 

Ecna N»l-

OCHOBHOe ycnOBHe, KOTOpoe MLI npHHHMaeM B .Qan&Hei

WeM, TO BKna,Q BLICWHX rapMOHHK no CpaBHeHHIO C OCHOB· 

Hoi -N¢- s p.II.Qax /1/ 6LJcTpo yMeH&waeTC.II c pocToM k, 
ecna r< R . HanpaMep, npa r/R0 = 0,8 H N= 5 MaKCHMan&

HLii · BKna.Q rapMOHHKH 3 N ¢ cocTasn.lleT 2~. a rapMOHHKH 

5 N ¢ - 0,2~. 
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,lJ;n.11 ynpo~eHHJI .Qan&HeiiwHX BLIKna.QOK 6y.QeM C'IHTaT&, 

'ITO npHCYTCTByeT nHWh OCHOBHa.ll rapMOHHKa * H none, 

COOTBeTCTBeHHO, 3anHCWBaeTCJI B BH.Qe: 

H 
r 

N-1 
=- br sinN¢, 

N-1 
H¢=-br oosN¢, 

/2/ 
4NI 

h= ---. 
cRoN 

Hac HHTepecyeT .QBH~eHHe 3ap.ll~eHHwx 'laCTHU no 

op6aTe, 6nH3Koi K Kpyrosoi, .Qn.ll aHana3a ero socnon&-

3yeMC.II ypasHeHH.IIMH l{BH~eHH.II B Toi cllopMe, KoTopyJO OHH 

npao6peTaiOT nocne nepexo.Qa OT He3asacaMoi nepeMeHHoi 

t K rP • a3HMyTan&HOMY yrny /cM.fS/ /: 

3 

( r 2 + r '2 )r "- r ( r 2 + 2r' 
2 
+ z ' 

2
) -r 'z z "= ~ ( r w z - z 'w ¢ ) , ~ 

/3/ 

(r 2+r'~z"-r'z'(r"+r) =~(r'w..~, -rw ). 
V ¥' r 

3.Qec& WTpHXOM o6o3Ha'leHa npOH3BO.QHa.ll no cp , 

p 
= --.e =,..; r 2 + r • 2 + z, 2 • v my 

eH 1 • 
THUW, w. = --, 1 =f, cp ,z, 

1 mcy 

C'IHTaew, 'ITO r' , z '<< r 
6pera.11 npOH3Bel{eHHn'H r 'z': 

p - nonHwi HMnyn&c 11ac-

2; 2 -Y. y=(l-v c). 

H naHeapa3yeM /3/, npeHe-

, 2Wz , w ¢ l r -r = r -- - rz --, 
v v 

z"= rr' ::!...!P- r2 ~. 
v v 

/4/ 

Kor.Qa W¢ H w r paBHW HyniO, cy~eCTByeT peweHHe 

3THX ypaBHeHRB, COOTBeTCTBYIO~ee Bpa~eHHIO no KpyrOBOB 

• AHanB3, pa3BHTWi H~e. nparo.QeH npa ocTasneHHH 
BCeX 'lneROB p.I.Qa; MO~O noKa3aT&, 'ITO nHWh H3MeH.IIeTC.I 
senB'IHHa P, onpel{eneHHa.ll /8/, a a.weHHO, P2 ... 1p ~. 

5 

~----------------------------



op6HTe B O,[(HOPOAHOM none npH aKCHanLHOB CKOpOCTH, 
paBHOB noCTO~HHOB aenHqHHe l6y.[(eM paCCMaTpHBaTL 6e3 
orpaHHqeHH~ 06UUIOCTH cnyqaii:, KOr,[(a CKOpOCTL B.[(OnL 

OCH z0 = 0 1: 

r = R _ v .11---, 
w 

z 

z·.,."i·=o . 
0 

151 

EcTeCTBeHHO, nepsoe COOTHOWeHHe Ha,[(O nOHHMaTL B 
anre6pauqecKoM CMLicne, T.e. 3HaK Hz- non~ AOn)I(HLIM 
o6pa30M COOTBeTCTByeT 3HaKy 3ap~.[(a e . 

B MynLTHnonLHOM H npoAonLHOM MarHHTHLIX non~x 

6y.[(eM HCKa.:I'L op6HTY, 6nH3KYIO K 151, T .e. nonO)I(HM 

r=RJI(l+a), z=RJio. 161 

HcnonL3Y~ 121 H 151, An~ BenHqHH a H o nonyqaeM 
ypaBHeHH~: 

a "+ a + a2 
- p 8' ( l + at cos N ¢ = 0 , ~ 

o " + p a '(l + a) N cos N ¢ - p ( l +a r +1 
sin N ¢ = 0 . ~ 

171 

3AeCL 
N 

b RJJ l-IM 
P =-v-- =Hz-' 

H = 4NI R JI N -1 
M ca ( R), 

0 0 
181 

HM - aMnnuTyAa MynLTHnonLHoro non~ ua paAHyce R JI • 

2. Ceo6oOHbJe /MeO.IIeHHbJe/ u BbJHyxoeHHbJe 
/6bJCmpbJe/ KO.IIe6aHUJI 

Buaqane paccMoTpHM cnyqaii:, KOrAa MO)I(HO npoaecTH 
nuueapu3aUHJO ypaaHeHHii 17 I, T. e. BLinonHeHo ycnoaue 

N a « 1. 191 

TorAa ypaaueHHJI npuo6peTaJOT BHA 

a"+a -pS'cosN¢ =0, 

6 

( 

1lli 

'i[ 
·~ 

·~.·!··.• .. 

,. 

:} 

'• 

f 
'( 

8" + p a' cos N ¢ - p ( N + 1 ) a sin N ¢ = p sin N ¢ . 1101 

TIOCKOnLKY npe,[(DonaraeTC~, qyo cnpaBe,[(JIHBO ycnOBHe 
N >>. l, AJIJI Haxo)I(AeHH~ peweHHJl 1101 npHMeHHM 

MeTOA ycpe,[(HeHH~ 161 . ,D;n~ :noro BBeAeM o6o3uaqeHHJI 

N¢=1/J, t = 1/N, x
1
=a,x2 = da, x 3 ... 8, x4 =~. 1111 

d¢ d¢ 

TionyqaeM CHCTeMy ypaaueuuii 1-ro nop~AKa: 

dxl 
-- = £X2 
d.p 

dx 
-~•tX 4 d.p 

dx2 ·'· ~ -- =-£X
1

+ £X pcos"', 
dr/J 4 

{121 
dx4 . . 
-- "'- i p x 2 COS 1/J + f p X ~ Sln r/J + £ p Sln 1/J • 
d.p 

JlerJCo y6eAHTLCJI, qyo B nepaoM nop~AJCe no £ MeTOA 
ycpeAHeHHJI B AaHHOM cnyqae AaeT nHWL HeB03My~euuoe 
MynLTHnonBMH ABH)I(eHHe, T.e. 

a"+a ... O H 8"- 0. 

TipoBeAeM paccMoTpeHHe AO BToporo nop~AJCa no £ 

BJCnJOqHTenLHO; HeCnO)I(Hble BLiq&cneHHJI AaJOT An~ a H B 
cneAYIO~He ypaBHeHHJI: 

2 
;i" + (1 + p2 /2);; =- ( .L, 8, = 0. 1131 

2 

TaJCHM o6pa30M, "MeAJieHHoe" ABH)I(euue so BTopoM 
nopJIAJCe no i npeACTaBn~eT co6oi CB060AHL1e paAH8,JILHLie 

JCOne6aHHJI C qacTOTOi W z V l+p2 /2 OJCOnO JCpyrOBOB op6H· 
TLI, CMe~eHHOi OTHOCHTenLHO napMOpOBCJCOrO paAHYCa Ha 
Ben&qHHY 

p2 
1141 

H HeH3MeHHLIM loTHOCHTenLHo 151 I aJCcHanLHLIM ABH)I(eHH· 
eM 8= 0. 

JibiCTpoe ABH)I(eHHe HaXOAHTCJI o6wqHLIM cnoco60M H 
HMeeT BHA: 
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a- = 0(£ 3 ), da:=- £2p2 . 
dcp 2(2+PI) SlO 2N cp, 

d5-
--- 2p dA - -E -~ cosNcp. 

'f' 2+p2 
_ 2 _2e__ sinN cp • 

8 =- l 2+p2 

Ilocxoni.xy npB B:WBO.l{e 6:wno nocTasneHo 
191, s:wpa>KeHB.II 1141 B 1151 cnpase,l{nBBhl, ecnB 

p2 « 1. r--1 

1151 

ycnosse 

1161 

~n.ll TOro, qTOO:W OTJCa3aThCJI OT 3TOrO orpaHHqeHBJI, 
sepHeMc.ll x OOUlBM ypasHeHB.IIM 17 I, o6nacTh npHMeHeHB.II 
JKOTop:wx CB.II3aHa c ropa3.l{O 6onee cna6:WMB ycnoBH.IIMB 
a' 2 , 8 ' 2 << 1 . IlpBMeHHM MeTO,l{ ycpe.l{HeHBJI Henocpe.l{ • 
CTBeHHO x HBM. Tor.l{a ,l{n.ll "Me.l{neHHoro" .l{BB>KeHH.II so 
BTopoM nop.ll.l{Ke no t nonyqsy: 

2 o2 2N+l 
a"+a+a •-'E'2(l+a). 1111 

"Me.l{neHHOe" .l{BB>KeHBe B.l{Onh OCB non.11 (z) npOBCJCO,l{HT 
TalC >Ke, JCaJC B B OTCYTCTBHe MynhTBnOnhHOrO MarHHTHOrO 
non.11, T.e. B HaweM cnyqae i = i' = 0. Hac 6y.l{eT BH
Tepecosa Th pa.l{sani.HOe .l{BB>KeHBe. YpaBHeHBe I 17 I .l{n.ll 
a .IIBn.lleTCJI HenBHeHH:WM; ero cneuBcllBJCa COCTOBT B TOM, 
qTo, HecMoTp.ll Ha Hansqse wanoro napaweTpa l B npaso:A 
qaCTB Is BB,l{e MHO>KBTen.lll, qTo pO,l{HBT ero CO CTaH.l{apT
H:WMB ypaBHeHBJIMB ICOHCepBaTBBH:WX JCOneoaHHH CO cnaOOH 
uenHHeHHOCThiO /6/, Man:WH napaMeTp BXO.l{BT TaJC>Ke B 3Ha
.MeHaTenh noxa3aTen.ll CTeneHB (1+ a ) , qTo cyUleCTBeHHO 
YCBnBBaeT HenBHeHH:WH xapaiCTep ypaBHeHB.II. ,lJ;eHCTBHTeni.
HO, paCCMOTpBM npBMeHeHBe CTaH.l{apTHOH MeTO.l{BICH pa3no
>KeHHJI no wanowy napaweTpy. Hcnoni.3YJI npoue.nypy, H3-
no>KeHHYIO B pa6oTe 161, nonyqsw cne.l{yiOUlBH pe3yni.TaT oo 
BTopoM nopJI.l{Ke no l 

a= acosvcp-£ e
0
(a)+£ I ~n(a2~o~~.!_ 

n= 2 n 2_1 ' 1181 

8 
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!& 

I' 

6e3pa3MepHaJI qacToTa v npH 3TOM pasHa: 

£e1(a) £2 e, 2 f2 oo en(a)d~~ dCo 
-~ _,_ (--4) +-I I · -2CJa)-r-

.at 2 2a 2a n=2 n2- 1 oa • 
v=l+ 

1191 
B 3TBX cllopwynax a - awnnBTy.na cso6o.l{HhiX I"Me.n

neHHwx"l xone6aHBH, eo(a) Ben (a) ,D;aiOTCJI s:wpa>KeHB.IIMB 

p 2 277 2N p2 277 2N 
G,(a)= -- f (l+acosx) dx, e (a)=- f(1+acosx) cosnx. 

4 77 0 n 2rr 0 1201 
Ilono>KBM B 3TBX cllopwynax, qTo awnnBTy.l{a cso6o.nH:wx 

JCOneoaHBH ,IJ;OCTaTOqHo Mana, a BMeHHO, 2Na <<1. 
Tor.na MO>KHO s:wqscnBTh rnasH:we qneH:w pa3no>KeHBI, 

OnBC:WBaiOUlBe ,IJ;BB>KeHBe, He 3aBBCJIUlee OT aMnnBTY.l{:W 
xone6aHHI; Hecno>KHwe s:wqHcneHBJI .naroT 

B 

. o2 ..1. ,deo. 2 2 C(a) 2 
e 0 I .... o = .L- ' en I s 0 ' • ~- I = p N ' ....::J..!.=:..l = p N 

2 a...O a aa a-+0 a a-+0 

a • a cos v cp - f p2 /2 , 

v = 1+p2 /2-5/8p 4
• 1211 

83 BTOporo ypaBHeHHJI 1211 BB,IJ;HO, qTo B CHny ynOMJI· 
HyTo:A s:wwe cneuscllsxs ypasHeHBJI I 17 I pa3no>KeHBe se
.neTcJI cjmxTaqecxB He no cTeneHJIM t , a no cTeneHB p 2 B 
DpHMeliBMO, TaJCBM o6pa30M, npH ycnOBHH p 2 <<1.CpaBHeHBe 
C pe3ynhTaTaMB npJIMOH nBHeapB3aUBB HCXO,IJ;H:WX ypaBHe
HBH 1131-1141 noJCa3:WBaeT H,D;eHTBqHOCTh COOTBeTCTByJO
IUHX cllopMyn. TaKBM o6pa30M, CTaH.l{apTHaJI MeTo.nsxa B 
cnyqae ypaBHeHBJI BH.l{a I 17 I npHMeHHMa TOni.xo npB p2 « 1 
cne.nosaTenhHO, TOnhKO ,l{nJI cna6oro MynhTHnoni.Horo no
.n.ll (H M «Hz ) . 

IlocKonhKY Hac HHTepecyeT cnyqaii cHni.Horo nonJI 
(p > 1), ·nOCTynHM cne,l{yiOUlBM o6pa30M. 

YpasHeHBe 1111 uMeeT qacTHoe peweHHe B ss.ne no
CTOJIHHoit, ICOTOpoe MO>KHO HaRTH B3 COOTHOWeHHJI 

2 
a 0 = - f p2 (1+ a 0 ) 2~ 1221 
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~opMyna /22/ onpe~enJieT nocTOJIHHoe cMell{eHBe op6BTbi,B, 
nonaraJI a 0 << 1 /nonpaBI<B Ha I<OHe'IHOCTb a 0 neri<o sw
'IBCnBTL/,a TaJ<)I(e 0603Jia'IBB 

q = -2Na 0• /23/ 

nony'IBM ~nJI BenB'IBHbl q TpaHCUeH~eHTHOe ypaBHeHBe 

qe q= p2 . /241 

fipB p2 « 1 ,--lOTCIO~a nonyqaeM ~nJI a O y)l(e B3BeCTHbli pe-
3yn&TaT 1141. fionO)I(BM a=ao+ a B UOTpe6yeM, 'IT06bl Bbl· 
nonHJinOCb 

- . 1 a« N. 1251 

llo~cTaBBM a B Tai<oM BB~e B ypasBeHBe I 17 I B pa3nO)I(BM 
npasy10 qacTb OI<ono 1 +a0 , Tor~a ii 6y~eT y~osneTsopJITb 
cne~yiOII{eMy ypasHeHBIO: 

a"+ v2;; = 0, 
npB'IeM 

2 
v = l + 2 N I a 0 I ,;, 1 + q · 1261 

4>opMynw 122/ B 1261 ~aiOT peweHBe nocTasneHHoii 
3a~a'IB npB ManbiX aMnnBTy~ax CB060~HbiX I<One6aHBB B 
npoB3BOnLHOM Myn&TBnon&HOM none lsenB'IBHa nonJI orpa
HB'IeHa nBWb ycnosBeM, 'IT06w a 0 « 1 I. EcnB p2 <<1, TO 
neri<O nposepBTb, 'ITO C TO'IHOCTbiO ~0 qneHOB nopJI~I<a 
p 4 BI<niO'IBTenbHO nony'leHHOe peweHBe COBna~aeT C WOP· 
MynaMB 1211. 

0TMeTBM, 'ITO B MynJ.TBnOnbHOM MarHBTHOM none He· 
nBHeBHOCTb C06CTBeHHO I<One6aHBii (a) HaCTynaeT npB 3Ha· 
'IBTenJ.HO MeHbWBX aMnnBTy~ax I a I :$ 1/ N, 'leM B o~o
po~HOM none (a S 1). fipB HapyweHBB 1251 MOlKHO B paMI<aX 
cTaH~apTHoii npone~ypw y'leCTb cne~yiOII{Be 'IJleHw pa3no
)l(eHBJI no (i B 1261, 'ITO npBBe~eT I< 3aBBCBMOCTB C~BBra 
a0 B 'laCTOTbl v OT aMnnBTf~bl I<One6aHBi. 

BenB'IBHa q B nOCTOJIHHOe CMell{eHBe op6BTbl MJI ManbiX 
CB060~HbiX I<One6aHBii onpe~enJieTCJI ypaBHeHBeM 1241. 
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CocTaBBM Ta6nB'II<Y, B I<OTopoii ~nJI opaeHTBPOBI<B 
npBBe~eHO HeCI<Onbi<O 'IBCneHHbiX 3Ha'leHBii q B 3aBBCB· 
MOCTH OT p. 

Ta6Auija 

p 0,717 1,0 1,22 1,65 2,83 3,84 
p 2 0,5 1,0 1,5 2,71 8,0 14,8 
q 0,35 0,56 0,73 1 1,61 2 

-
llpB q = 2 CMell{eHBe op6BTbl a O = -.r- =- 1/N. 

Jl 

~B3B':Ieci<aJI npB'IBHa yMeHJ.WeHBJI poeT a I a 
0

1 B q npa 
ysena'leHBB H M JICHa: s CBJI3H c pe3I<o Heo~Hopo~HWM 
xapai<TepoM nonJI H M no pa~aycy ( ... r N-1) ~a)l(e He6om.woe 
YMeHJ.WeHBe cpe~Hero pa~ayca spaJ.QeHBJI 'laCTBU npaso~BT 
I< yMeHbWeHBIO nonJI Ha op6BTe, 'ITO B TOpM03BT pOCT q 
npB 6onbWBX p . 

"libiCTpble" BbiHY)I(~eHHble I<One6aHBJI Tenepb BMeiOT 
BB~: 

3 
- ( q 2N ~- 2 -r-- . Nr~.. a = -- cos cf> , u = - t v q Sill ..,., • 

8 
1271 

YcnoBBJI npBMeHBMOCTB 3TBX swpa)l(eHBii: N >> 1 B 
a

0 
«1 ( q « 2N ). 

3. 06cyxoeHue pe3yAb11tamoe 

llony'leHHble peweHBJI 1221,1261 B 127/ 03Ha'laiOT, 'ITO B 
npHCYTCTBBB MYnbTHnOnbHOrO MarHBTHOrO nonJinpOBCXO~BT 
Cne~yiOIUee. qaCTBUbi, I<OTOpble B O~HOpO~HOM MarHBTHOM 
none spamanac~o no napMoposci<oMy pa~aycy, nepexo~JIT Ha 
op6BTY MeH~owero pa~ayca lcpe~Herol, 3TO C)l(aTBe op6BTbl 
HeBenBI<O, OTHOCBTenJ.HaJI BenH'IBHa ero nopJI~I<a 1 /N , 
r~e 2N - 'IBcno nposo~HBI<OB, co3~aiOIUBX MynJ.TBnon~o
Hoe MarHBTHOe none. ,lJ;BB)I(eHBe npH 3TOM pa3~enJieTCJI 

Ha ~sa I<nacca: 6wcTpwe lswHy)l(~eHHwe/ I<one6aHHJI I c 
aMnnBTy ~oii ... 1 /N 3 MJI pa~uan&Horo B -liN 2 ~nJI ai<caan&
Horo I<one6aHaiil B Me~neHHwe I cso6o~Hwel I<one6aHBJI 
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no pa~Hycy. AMnnHTy~a Me~eHHWX pa~HanbHWX KOne6a

HHH 3a~aeTcJI Ha'lanLHWMH ycnoBHJIMH /HanpuMep, npH 

BH>KeKD;HH B o6naCTb MynbTHnOnbHOrO nonJI/, a 'laCTOTa 

cyiD;eCTBeHHO oTnH'IHa OT UHKnoTpOHHOH /lfJ none Hz I 
H onpe~enJieTCJl: DenH'IHHOH MynbTHnOnbHOrO MarHHTHOrO 

nonJI. 

3TO 06CTOJITenbCTBO 03Ha'laeT, 'ITO AOCTaTO'IHO CHnb

HOe MynLTHnOnbHOe MarHHTHOe none (HM-Hz) o6naAaeT 3a

MeTHbiM u;eHTPHPYJOIUHM ~eHCTBHeM, T .e. npenJITCTByeT 

pa3BHTHIO KOrepeHTHbiX CMeiD;eHHH op6HTbl 3apJI>KeHHbiX 

'laCTHU, OTHQCHTenbHO KOTOpbiX ~BH>KeHHe D OAHOf.O~HOM 

MarHHTHOM none, B006ID;e rOBOpJI, HeyCTOH'IBBO/ ,S/ • 

3aMeTHM, 'ITO aHanorB'IHbiM ueHTPHPYJOIUHM AeitcTBHeM 

o6na~aeT TaK>Ke aJBMyTanLHoe CHMMeTpH'IHoe H¢> none 191 , 
HO 34KtleKT C>Ka THJI op6HT B TaKOM none He B03HBKaeT. 

Opou;ecc no~asneHHJI npeu;eccaoHHoit HeycToit'IHBOCTB 

/Mo~w n = 1 - cMeiD;eHBe KonLuesoro crycTKa KaK uenoro/ 

C nOMOID;biO KBaApynOnbHOrO MarHHTHOrO non.a Ha6ruoAanc.a 

B He~aBHHX 3KcnepBMeHTaX Ha YCTaHOBKe TBna '"ACTpoH" /3/. 

UeHTpupyJOID;ee AeitcTBBe MynLTHnonLHoro MarHHTHoro 

nonJI npu ManbiX aMnnBTYAaX BbiHY>KAeHHbiX KOne6aHBit 

MO>KeT o6ecne'IBTb spaiD;eHBe nnoTHOro nyqxa 6e3 cyiD;ecT

BeHHblx noTepb B Henocpe~CTBeHHOi 6nH30CTH OT D;HnBH~

pH'IeCKOH MeTannB'IeCKOH noBepXHOCTH, 'ITO B p.a~e cny
qaeB AaeT AOnOnHHTenbHble 34KtleKTbl CTa6HnB3aUBH /IO,II/. 

OcTaHOBHMC.a eiD;e Ha OAHOM Ba>KHOM cne~CTBHH yxa-

3aHHbiX BbiWe CBOHCTB ABB>KeHBJI B MynbTHnonbHOM Mar

HBTHOM none, CBJI3aHHOM C nOHJITBeM 34KtleKTBBHOH MaCCbl 

BpaiD;aJOID;HXCJI 'laCTBD;. 

HJBeCTHo, 'ITO 34JcPeKTBBHaJI Macca qacTBU B OAHOPOA

HOM aKCBanbHOM MarHBTHOM none OTPBUaTenbHa, 'ITO npu

BOABT K xapaKTepHOMY KOnneKTBBHOMY 34JcPeKTY B aHCaM6ne 

BpaiD;aJOID;BXCJI 'laCTBU - HeyCTOH'IBBOCTB "oTpBD;aTenbHOi 

MaCCbl". 34JcPeKTBBHaA MaCCa BXOABT B ypaBHeHBe a3BMy

TanbHOrO ABB>KeHBJI B MarHBTHOM none npB HanB'IBB YCKO· 

peHBJI B onpeAenJieTCJI CJJeAYIOIUHM o6pa30M: 

E 
M = • /28/ 

R2w 2 K 

3Aecb E - nonHaJI 3HeprBJI spaiD;a TenLHoro ABB>KeHu.a' 
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E dw 
qacTBU, R B w - paAayc u qacToTa o6paiD;eHBJI, K=- • --, 

w aE 
3Ta BenB'IHHa CBJ13aHa H3BeCTHWM 06pa30M /5/ C K034JcPB· 

atn n 
D;BeHTOM C>KaTBJI Op6BT 

a tnpu 
TI - nepBMeTp op6HTbi, 

p
0

- BMnynbC. 

B aJBMYTanbHO·HeoAHopo~HOM MarHBTHOM none Tuna, 

HanpHMep, nonJI >KeCTKO-~OKYCHPYIOID;HX YCKOpBTeneit, no

JIBnJieTCJI KpBTB'IeCKaJI 3HeprBJI, HB>Ke KOTOpOit Macca no

nO>KBTenbHa B TOnbKO npB AOCTaTO'IHO 6onbWOH 3HeprBB 

CTaHOBBTCJI OTPBUaTenbHOH. 

CneAyeT O>KBAaTL, 'ITO B MynLTanonLHOM MarHBTHOM 

none 3HaK 34KtleKTBBHOH MaCCbl TaK>Ke 6yAeT 3aBBCeTb OT 
3HeprBB 'laCTBU. 

BwqucnaM Ko34JcPau;ueHT K HenocpeACTBeHHo B3 swpa

>KeHaJI 'laCTOTbl o6paiD;eHBJI, KOTOpoe HCnOnb3feTCJI npB 

BbiBOAe ypaBHeHait ABB>KeHBJI /3/: 

w = i$_ = ..Y.. = , _ _,v __ _ 
dt e ---..Jr2+ r'2+ z'2 

B Hawey cnyqae (r' 2, z ' 2<< r 2 ) 

w=..!.-w (1+a
0

), r - z 

r~e a 0 onpe~enJieTCJI B3 /22/. 

/29/ 

oHa pasHa 

/30/ 

Y'IBTbiBaJI, 'ITO p -vN-I yN /eM. ~opMyny /8//, a TaK>Ke 

E 2 dv c ~ 
TO, 'ITO =ffiC y B d '=-3 , nocne HeCnO>KHbiX Bbi'IBCneHBB 
nony'IBM y 8y 

_£_ • ~- = - 1 + __g 
w aE ~2(1+ q) /31/ 

r~e q Bbl'lacnJieTcJI npa Ja~aHHOM p no 4!opMyne /24/. 
.lionee TO'IHOe Bblpa>KeHBe C y'leTOM KOHe'IHOCTH a

0 
Bbl· 

rnJI~BT cne~YJOIUBM o6pa3oM: 

JL .. ~ = -1 +-1-. ;_!1_ 1-2J a0 J 
w ~E ~ 1+q 1_ ~-

/31'/ 

1+q 
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Ilpa Manwx q Macca M oTpanaienLHa a pasaa 

B3BeCTHbiH pe3ynbTaT ~nJI O~HOpO~HOrO DOnJI. 

M=-my-

Cornacao /31/, ecna 

/32/ 
L 

TO 31}M)leKTBBHaJI Macca nono:>KBTenbHa B HeyCTOH'IBBOCTb 

oTpanaTenbaoii Maccbl oTcyTCTByeT. CooTaoweaae /32/ 
onpe~enJieT KPBTB'IecKyro 3Hepraro aaanorB'IHO cny'laro yc

KOpBTenJI C )l(eCTKOH «i>oKycapOBKOH. 

XecTKOCTb «<>oKycapoBKB r - ~BB)I(eHBJI MynLTBnonL

HbiM MarHBTHbiM noneM B KpBTB'IeCKaJI 3HeprBJI DOllHOCTbiO 

onpe~enJIIOTCJI BenB'IBHOH q, KOTopaJI 3aBBCBT OT OTHOWeHBJI 

aMDllBTY~LI MYllbTBDOllbHOrO DOllJI K BenB'IBHe DpO~OllbHOrO 

MarHBTHoro nonJI. 
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