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B npellb!llymeti pa6oTe Ill 6bmo OTMe'leHo, 'ITO npu apameauu aneKT

poaoa B cna6oif>oxycupyromeM MarHHTHoM none 6eTaTpOHHbte qacTOTbi Ko-

ne6aHHti 3H8'1HTenbHO H3MeHSIIOTCSI1 ecnH BBeCTH 83HMyTanbHbiH KOMnOHeHT 

MarHHTHoro nonSI. Bbmo Bbrcxaaaao npennono)KeHue, 'ITo npu !f>opMHpoaaauu 

a TaKoM none aapSI)KeHHoro xonhua MoryT aaMeTHo H3MeHHTbCSI ero Manbre 

paaMepbio HenaBHO nOK838HO 121
1 'ITO B BHHTOBOM cna6oifloKyCHpyrotneM none 

npn onpeneneHHbiX ycnoBHSIX cymecTBeaao ynyqrnaroTcSI ycnoBHSI npoxo)Kne-

HHSI onaCHbiX OllHO'I8CTH'IHbiX pe30H8HCOB npH C)K8THH KOnbU8o 

Uenb aacToSimeti pa6oThl - uay'IHTb B paMKax aanaqn c caMocorna

coaaHHbiM noneM noaeneane aapSI)KeHHoro xonhua aneKTpoaoa B anua6aTH

qecxu H3MeHSIIOmeMCSI BO BpeMeHH BHHTOBOM MarHHTHOM none; Mbi BOCnOnb
'131 

ayeMcSI npn aToM MeTonoM, npenno)KeHHbiM HpxoBbiM 

1. DOCT8HOBKa 38LI8'1H 

Ecnu BbtnOnHeHbi ycnoBHSI, cif>opMynupoaaHHbte a I 11, a HMeHHo, Konb-

UO aneKTpOHOB llOCT8TO'IHO TOHKOe H nonepe'IHOe JlBH)KeHHe '18CTHU B HeM 

HepenHTHBHCTCKoe, H eCnH npennonO)KHTb1 'ITO Ce'leHHe KOnbUeBoro lliHypa 

-npencTaanseT co6ofi annnnc c nocToSIHHofi nnoTHOCTbiO qacTHU no ceqeanro, 

Torna HMeiOT MecTo cnenyromne nnaeapuaoaaHHbte ypaBHeHHSI llBH)KeHHH qac

THU B noCTOSIHHOM MarHHTHOM none C KOMnoHeHT8MH 'Hr ( r , z), 'Hz ( r , Z) 

K 

r 
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~ +cu¢ 'f/ +>.. 1 ~ o. 
. 

~· - (Ucp ~ + >..2 ., o. 

3JleCb: ~ H 'f/ -OTKIIOHeHH.II 'I8CTHU OT paBHOBeCHOil: op6HTbl B t 

HanpaBIIeHH.IIX COOTBeTCTBeHHOj 

. 2 2 
>..1 = cuH v r 

2 2 
>..2 =cuuvz cuH 

eHz 

mcy 

( 1) 

H z 

vr H v z -6eapaaMepHbte qacTOTht Kone6aunil: c yqeToM npocTpaHcT-

, /4/ eH,~.. I 
BeHHOI'O 38p.11Jl8 ( CM, ) 1 cu A. = ~ 1 y = ( 1 - {3 J )-1 2 , 

"~' mcy 

flpH Bb!BO)le ( 1) npeJliTOII81'81IOCb1 'ITO B CT8UHOH8pHOM COCTO.IIHHH 

qacTHUhi Bpama!OTC.II no paBHOBecuoil: op6nTe c paJlnycoM R 0 • KOTOpblil: 

B Jl8HHOM cnyqae HeiTOJlBH~HOI'O K8K uenoe K01IbU8 (CKOpOCTb ero BJlOIIb 

ocn z paBna nymo) Bbtpa~aeTc.ll o6bt'IHhtM o6paaoM: R 
0 

,.. y 2M , M 
my cuH 

83HMYT81IbHhtil: MOMeHT KOIIH'IeCTBa JlBH~eHH.II, 

KaK H3BecTno, Jlll.ll Bbi.IICHeHH.II xapaKTepa noBeJleHH.II cncTeMbt npn_ 

8JlH86aTHqeCKH MeH.IIIOIIlHXC.II BO BpeMeHH BHeWHHX YCIIOBH.IIX1 B Jl8HHOM CIIY,

qae M8I'HHTHOM no.ne, neo6XOJlHMO HafiTH 8)lHa6aTH'IeCKH~ HHBapHaHTbl AB~

~eHH.II cncTeMht. B o6meM BHJle aaJlaqa 6yJleT cTporo caMocornacoBaHHoil:, 

eCIIH C ITOMOIIlb!O H8H)leHHhlX HHBapHaHTOB 6yJleT ITOCTpoena T8K8.11 $yHKUH.II 

pacnpeJleneHH.II 'ISCTHU, YJlOB1IeTBOp.11101Il8.11 KHHeTH'!eCKOMy ypaBHeHH101 KOTO

pa.ll o6ecne'IHT npeJlnono~ennyiO npn BhiBOJle ( 1) $opMy ceqeHH.II KOIIbUa 

n pacnpeJlenenne nnoTnocTn qacTnu n TOKOB, 

3TOfi nporpaMMOfi Mbl H 38il:MeMC.II, 

4 

2. AJlna6aTH'!ecKne n 

Dn.11 H8XO~JleHH.II 8)lHa6a 

paaJlenHTb B ( 1) nepeMeHHhiE 

qeJIH.IIX 

xl = ~ ' x2 = g , x3 

TorJla 

. 
XI Alk xk 

n lV1aTpnua 

0 , 1 ' , 
Alk == I ->..1, 0, 

0 , 0 ~ 

0, (Ucp, 

HafiJleM co6cTBeHHhte a. 

li8Jl0 peWHTb CHCTeMy OJlHOp! 

Alkhk=ahl 

I'Jle a -HeKOTOpbte qncna. ( c 

)leTepMHH8HT CHCTeMbl (4) Jl' 

'ITO 9TO npHBOJlHT. K 6HKB8Jlp. 

a2 cu~+.\1 +>.. 2 

2 

3aMeTHM1 'ITO a~ 

CHCTeMbl ( 1) o 

2 
- cuI 



(I) 

HOH op6HTbl B r H z 

C yqeTOM rrpoCTpaHCT-

f3J )-1/2 • 

lUHOHapHOM COCTOSIHHH 

l.llHYCOM R 0 , , KOTOphlH 

B (cKOpOCTb ero B.llOnh 

'. 2M 
I OM: R 0 ,. ..; -- t M 

mycu
8 

lBe.lleHHSI CHCTeMbl ITPH, 

ycnOBHRX, B .llBHHOM CnY,

II'IeCKII~ HHBapHaHTbl . .llB~

poro caMocornacoBaHHofi, 

IOCTpoeHa TaKaS! $yHKUHR 

IJeCKOMY ypaBHeHHJO, KOTO

$opMy Ce'leHHSI KOnbUa 

2. AgHa6aTH'IeCKHe HHBapHaHThl CHCTeMbl ( 1) 

llnR HaXO>K.lleHHSI a.ll:IIa6aT:II'IeCKHX :IIHBapHaHTOB rrpe>K,lle Bcero Hy>KHO 

pa3.llen:IITb B ( 1) rrepeMeHHbie. TiepeiTHWeM CHCTeMy ( 1) B HOBbiX 0603Ha

'leHHSIX 

( 2) 

Tor.lla 

( 3) 

H MaTpHUa 

0' 1 ' 0' 0 

A _)\1' 0, 0, -cue/> ik 
( 3a) 

0' 0 ' 0, 1 

0, cu ' -ll. ¢ 2 
0 

Hafi.lleM co6cTBeHHhie 3Ha'leH:IISI H BeKTOpbl MaTpHUhl A .llnH aToro 

Ha.llO pewHTh C:IICTeMy O.llHOpO.llHhiX ypaBHeHHH 

Aik h k = ah 1 ' 
(4) 

r.lle a -HeKoTopbie 'IHcna ( co6cTBeHHhie aHa'leHHH). XapaKTepHCTH'IeCKHH 

.lleTepMHHaHT CHcTeMhi (4) .llOn>KeH paBHHThCH HynJO. HeTpy.llHO rrqKaaaTb, 

'ITO 9TO ITpHBO,llHT K 6HKBa,llpaTHOMy ypaBHeHHJO C perneJIHHMH: 

3aMeTHM, 'ITO 

C:IICTeMbl ( 1) • 

2 
a i , r.lle 

( 5) 

-xapaKTepHCTH:'IeCKHe 'laCTOTbl. 

5 



.[lnH K8>KJlOI'O CQ6CTBeHHOI'O 3Ha lJeHim ( 5) : a 1 =-a 2 · E a 1 1 

a3 =-84 ;sa2H8XOlliiM C06CTBeHHblti BeKTOp h k II3 ( 4) 1 HanpR¥ep1 B TaKOM 

BUlle: 

(l) 
h 

3llecb h 

h 
a 1 h 

~ 
a2 +..\ 

I 2 

wcha; h 
af +..\ 2 

-npOII3BOnbHbie 

C06CTBeHHOI'O BeKTOpa. 

( 6) 
h 

lJIIcna 1 pa3Hbie 1 Boo6me roaop.II1 llnH Kalli:lloro 

· IlocKonbKY co6cTBeHHbie aHalJeHIIH MaTpiiUbi A B o6meM cnyqae 

paaniilJHbie 1 B03MO)I(Jia lliiaroHanuaauuH aToti MaTpiiUbi u paalleneHue nepe

MeHHbiX B .( 3) • 

.[lnH 9TOI'O no HatilleHHbiM BeKTOpaM BUlla ( 6) llOCTpOIIM MaTpuuy H 1 

nocTaBIIB B Ka)l(llbiti ee cTon6eu cBoti co6cTBeHHbiil: BeKTop. Yllo6Ho H 

aanucaTb B TaKoM BUlle: 

hi h2 ~ ~ - h3 h4 
a2+..\I a~+..\I 2 

~ a 2w . 
aihi -a Ih 2 - h3 - ·:~x::.Ikh 4 

H =I a2+ .\ ~+..\1 I ( 7) 2 I 

~hi -~h2 h3 h4 
a~+ .\2 a~+..\ 2 

a?wg. ~¢4 h 
a2h3 -a2h 4 hi 2 

a/-+.\2 a2+..\ 
I 2 

6 

Tenepb BBeneM B {3) 

xI = .HI k. y k. • 

B liOBbiX nepeMeHllbiX1 

YI = ai Y~ 

f2 ~-a I Y 2 ' · 

Ilpeo6pa30B8HII.!t (8). M 

Hbie z . 1 YllOBneTBop~ 

hI ZI 7 h 1 Y1 

hll z 2 = h 3 y 3 -f 

Torlla 1 cornacao ( 9). I1 

2 
z I = a I zl , 

3To u ecTb paalleneHHI 

CBH3b Me)I(Jly CT8pbiMII 

paBeHCTB8MII: 

~ 

'T/ 

h z - 1 
I I 

w 
hI -:-:---II 

a2+.. 
I 



: az =-a2: s a 1 1 

rrs ( 4) 1 mmpnMep1 a TaKoM 

( 6) 

bi A a o6meM cnyqae 

TpiiUbi II pa3JleneHIIe nepe-

( 6) nocTpOIIM MaTpiiuy H 1 

!bill:. aeKTop. Yllo6no 'H 

13 
:c 0 a2(l)ph 

2 A 4 a2+ 1 

2 
-~'h 3 . . .. 4 
~+At. ( 7) 

h4 

-a2h 4 

Tenepb BBeJleM B (3) HOBbie nepeMeHHbie y no «flopMyne: 

(8) 

B HOBbiX nepeMeHHbiX1 KaK nerKO BIIJleTb1 ypaBHeHIISI JlBII:lKeHIISI 6yJlyT: 

( 9). 

t2 =-a 1 Y 2 ' 

Tipeo6pa30B8HIISI ( 8) MO:lKHO ynpOCTIITb 1 ecnH BMeCTO y BBeCTII nepeMeH-

Hbie z · 1 YllOBneTnopmoume ypaBHeHIIHM 2-ro nopHJlKa. Tiono:lKIIM 

Tor)la, cornacno ( 9). nony'IIIM1 'ITo 

2 
z 1 = a 1 z1 , !i = 1, 2 

( 10) ' 

( 11) 

3TO II eCTb pa3JleneHHbie ypaBHeHIISI JlBII:lKeHIISI BMeCTO CHCTeMbl ( 3) • 

CBH3b Me)!(Jly CT8pb!MII nepeMeHHbiMII g 1 7J H IIOBbiMII Z i )laeTCSI 

paBeHCTB8MII: 

g h zl - h (l)¢ z 
I II 

a2+A 2 
2 1 

( 12) 

7J hi ~-zz + huz2 
a2+A 

1 2 

7 



e 

., 
hi z 1 - hii 

=hi 
2 

CJJcpat 

a2+ A 2 t 

2 
CJJ<ba 2 

a2 +A 
2 1 

z2 

z1+hllz2 • 

BwmcnHM HHTerpan 9Hepi'HH CHCT9Mbl ( 1) : 

E e2 • 2 
s +Ti e2 ., 2 

+At- + A2 --
2 2 my 2 

B HOBbiX ·nepeMeHHbiX z 1 nony"iHM 

'2 2 2 2 '2. 2 

( 13) 

E 
my 

h2 
I 

a~-aJ 
~ 

z1 2 zt 2 ara2 z2 2z2 
(--a -)+h 1--1(--a-).(14) 

2 1 2 II 2' 2 22 
a 1'+"2 a T"t 

flpH Bb!BO.[le ( 11) HCnOnb30BanHCb Cne.nyiOIUHe CBOtiCTBa C06CTB9HHblX 

. 3Ha"ieHHti: 

a~+ a~ = - (A 1~ A 2 + CJJ';p ) 

aJa~ =A 1 A2 

2 2 2 2 ( 15) 
(ai+A1) (ai+A2) =-aiCJJ¢' ~i=1,2. 

flonO)KHB npOH3BOnbHbl9 llO CHX nop nocTOSIHHbl9 h I H h II paBHblMH 

hI = V I af +A 2 

a2- a2 
t, 2 

h II= v I a~+A 1 
a 2_ a2 

t 2 

( 16) 

nony"iHM ( 14) B BH.[l9 05bi"iHOfi CyMMbl aHepi'HH llBYX rapMOHH"i9CKHX OC-

UHnnSITOpOB, 

8 

J 

TaKHM o6paaoM, Mbi KaK .61: 

"19CKHX OCUHnnSITOpOB no .aa 

· HO CK838Tb eme H HHa"'e: B 

38BHCHT OT npeoopa30BaHHSI 

Xopowo H3BeCTHo;. "'TC 

OCUHnnSITopa SIBnsreTCSI OTHO 

CHCT9Mbl C llBYMSI CTeneHSIIII 

HHB8pHaHTOB no o6eHM CTer 

I = Alt + B/ 2 , 

npH"'eM [t H '[2 paBHbl 

my ( zf + (JJ2 z 
It= 

t 

2CJJt 

,. 

12 = 
my (z~ + w~ z~ 

2CJJ2 

B. aTHX ~opMynax u .nanee 

"i9CKHM "i8CTOT8M KOne6aHH 

HH.[l9KC 1 03H8"189T B3SITH9 

Myne: 

2 
(JJ1,2 

(JJ~ +At +A2 

2 



( 13) 

fiCTBa C06CTB9HHbiX 

( 15) 

h I H h II paBHbiMH 

·_t_ 

12 
2 

( 16) 

rx rapMoHHqecKHx oc-

TaKHM o6paaoM, Mbi KaK 6bi HopMHpoaanH aMrrnHTYJlhi BBeneHHbiX rapMOHH

qecK!lx OCUHnmiTOpOB IIO 38Jl8HHOli SHeprHH ManbiX Kone6aHHli qacTHUo MO)I(

·HO CK838Tb erue H HHaqe: BenHqHHa IIOnHOli SHeprHH KOne6aHHH CHCT9Mhl. ae 

38BHCHT OT rrpeo6pa30B8HHSI IIepeMeHHbiXo 

Xoporuo naaecTHo, qTo anHa6aTnqecKHM HHBapHaHTOM rapMoHuqecKoro 

OCUHnnSITOpa SIBnSieTCSI OTHOlli9HHe ero SHeprHH K qaCTOTe. ITonHhlH HHBapHaHT 

CHCT9Mbl C JlBYMSI CTeiieHSIMU CB060Jlbl MO)I(HO Bbi6paTb B BHJl9 cyrrepii03HUHH 

HHBapHaHTOB IIO o6eHM CT9II9HSIM CB060Jlbl! 

IIpHqeM '[ l H 1 
2 

paBHbi! 

my ( zf 

my(;~ +w~ z~) 
2w 2 

·' 

( 17) 

( 18 a) 

(186) 

B, STHX !flopMynax H )lanee Mbl rrepeXOJlHM OT a i K W i - xapaKTepHCTH

qeCKHM qaCTOTaM KoneoaHHfi1 IIpHqeM 6yJleM B JlanbHefirueM cqHTaTb 1 qTo 

HHJl9KC 1 03HaqaeT B3SITHe BepxHero, a HHJl9KC 2 - HH)I(Hero 3HaKa B !flop-

Myne: 

2 
w1,2 ( 19) 

9 



:! 

i'l ,'] 

:.: 

:! 
jill 

'li 

I 

'
'.li il 

11: 

. 
J1CIT01Ib3Yst ( 17), ( 18~) t ( 186) H !PopMyllbl npeo6pa3oBaHHst OT Z l zl 

K e, 'f/ , ~~ ~ ( 06paT.Hble ( 12)) t MO}!{HO Bb!pa3HTb a,qHa6aTH'IfeCKHit HHBa-

pHaHT I 'lfepe3 cTapbie nepeMeHHbie, Pe3ynbTaT aecno*HbiX Bbi'IfHClleHHii 

TaKOB: 

4 

I = I e 1k x 1 xk , 
l, k=1 

(20) 

B <PopMyne (20) x 1 · -nepeMeHHbie (2), a e ik onpe.neneHbi cne.nyiOUlHM 

.. o6pa3oM: 

c 11 = 

e 22 = 

my 

w2 w2 2- 1 

~ 
2 2 

(U2- (U 1 

A cu 1 

2 2 
(>..z- cu 2) 

1>.. 2 -w]l 
B 

+ --
(U2 

2 2 
>.. 1 (U ¢ 

1 >.. 1 -w ~I 

2 2 
>.. (U A. 

A 2_'1"_ + B cu2 [--- 2 

(U1 1>..2-(U 11 

2 2 
(>..rcu1)] 

I >..1-w~ I 

e = e 
14 41 

my >.. -cu2 
1 2 

>.. -cu2 

B >.. cu ,~., ] 
- 1 'f" 

[Acu
1

cu¢l 
cu 2_w2 

2 1 2 1 
(U2 

c = c 
23 32 ~ [ ~ >.. 2 w¢- B cu

2 
cu ¢I 

w2-cu2 cu1 
2 1 

I l 

10 

( 21) 

f 
I 1 

l!' 

r 
!II 
.'~ 

" 

0 33 

e44 = 

my 

cu 2 -cu; 
2 ' 

~ 
w 2_ w2 

2 ' 1 

e12 = 0 21 = e13= 

KBa.npaTH'IfHYIO <PopMy ( 

aa.no6HTcst naM B .nanbl 

Tb!Bast BH,q KOacP!PHUHeH1 

· B BH,ne: 

2 
1 =e (ell:-

r.ne 

·s v e;3 e 

3, Bbi'IfHcneaHe 

11TaK, 3a,naqa o6 ~ 

HHTHOM none npH 3a.naHJ 

Ua, ITliOTHOCTb H TOKH 'If 



. 
~06pa30BaHHSI OT , Z l , Z i 

3HTb anHa6aTHq9CKHn HHBa-

aT H9CDO>KHb!X Bb!qHCD9HHii 

(20) 

onpeneneHbi cne.QyiOIUHM 
l[' !, .: 

! ' t.l 
'1..4 

( 21) 

'¢I 

my 

my 
(U 2_ (U2 

2 1 

(U2 

[ A IU 1 ----l::P_ 
I,\ -IU2 I 

2 1 

KsanpaTHqHyro «flopMy ( 20) MO>KHo rrpnsecTH K cyMMe KBa.QpaTos, qTo no

uano6HTCSI HaM B nanbHetimeM, LletiCTBHT9DbHO, HeTpynHO npoBepHTb
1 

yqH

TbiBaSI BHn KOaljJ«jJHUH9HTOB C i k H3 ( 21) 1 qTo «flopMy '[ MO>KHO 38ITHC8Tb 

· B BHne: 

(22) 

·s 
q =...; c 44 ~ ( 23) 

3. Bbrqncneune rrnoTHOCTH H Manbre pasMephi KODhua 

MTaK, 3a.Qaqa 06 anHa6aTHqeCKOM nBH>K9HHH qaCTHU B BHHTOBOM Mar-

HHTHOM none ITpH 3a.QaHHOH KOH«f!HrypauHH 8HCaM6nSI qacTHU ( pa3M9pb! KODb

ua, ITDOTHOCTb H TOKH qacTHU B HeM) pemeua. Tenepb cnenyeT ITOK838Tb
1 

11 



~TO T8K8H KOH$HrypaUHH nefiCTBHTenbHO MO~eT cymecTBOB8Tb K8K HeKOTOpoe 

~aCTHoe peweHHe 6eccTonKHOBHTenbHoro KHHeTu~ecKoro ypaBHeHHSJ. OpH 

anHa6aTH~eCKOM H3M9H9HHH napaMeTpOB $yHKUHSI pacnpeneneHHH 0 SJBnSJIOlli8SJ-

CSI ~aCTHbiM pemeHHeM KHHeTH~eCKOrO ypaBHeHHSJ 0 non~Ha 38BHCeTb OT 

TO~HhiX HnH anHa6aTu~ecKHX HHTerpanoB nBH~eHHSJ. Cnenyg 131, Bbi6epeM 

cnenyromyro ~aCTHyiO Monenb: BCe '18CTHUbl HMeiOT OllHH H TOT ~e 83HMy

TanbHhlfi o6o6meHlihifi HMnynhc ( TO'IHhiH HHTerpan nBH~eHHSJ nnSJ paccMaT

pHBaeMoro Knacca KOH$HrypauHfi) H OllHH H TOT ~e anHa6aTH'IeCKHfi HHTer-

pan I TaKHM o6paaoM, $yHKUHSJ pacnpeneneHHSJ 6yneT HMeTb BHn: 

f (r,z,~,TJ ,M) = C8 (M -M
0

) 8(1 -1
0

) • ( 24) 

Bhi~HcnHM Tenepb nnoTHOCTb aapSina B Konbue: 

p (r, z) 
ey 2 

• ·- • • e1c · · 
-- fl (r ,z,~,TJ,M) d~ dTJ dM = --f8{1 -lo)cJe dTJ. (25) 

r r 

B HHTerpane ( 25) nepefineM K HOBbiM nepeMeHHbiM HHTerpHpOB8HHSI S H 

q ( CM, ( 24) ) : 

p 
2 ey C f 8 {1-1 0 ) ds dq 

(26) 
ry c33 c 44 

2TTey2 C oo 2 c 2 c2 2 
f 8 [ ~ ( c 1r ~) +7]2 (c22 - ..::.l.L) +p -1 0 ] pdp • 

r y c33 c 44 
o. c 44 c 33 

BBeneM o6oaaa~eHnSJ: 

a2 
10 

ell 
c2 . 

--=.2.1-

c44 

a2 
z 

12 

c 
22 

10 

_::h_ 
C33 

( 27) 

... 
' l 
j 

l 

OpoHaBenSJ aeo6xonHMbie Bh 

p 
rr e y 2 C 

u 

r I 0 Y c 33 "44 

TaKHM o6paaoM, nnoTHOCTb 

6ofi aaBHCH;,iOCTH 1 I r · nc 

annHnc c. nonyocgMH. ar· H 

C B (28) onpenengeTCSJ n 

norH~HO Bbl'IHCnSJIOTCSI . H TO! 

= p v ¢ • 11TaK, Bee ycnOJ 

HaH6onee HHTepeceH ~ 

qepea BHeWHHe nong ManhiX 

npeo6paaoBaHHfi $opMynhi (! 

82= 

a2 
z 

lo 

AB 

lo 

AB 

L'1~-L'1~ ·Ay 

my CUH 

L'1~-L'1~ 
my cuH .. 

3necb .BBeneHbi nng yno6cTB 

A cu,,. CU 
u12=·~, p·=-

, cu 
'H cu 

nocToSJHHhie A u B onpe 

CHCTeMbie C OOMOllibiO o6rnH: 



CY1Il9CTBOB8Tb KaK HeKOTOpOe 

qecKoro ypasneHIIH. Opii 

I pacnpeJleneHIIH1 HBnHJOlllaH-

H1 JlOn~Ha 38BIIC9Tb OT 

IIH, CneJlyH 1311 Bbi6epeM 

OT OJliiH II TOT ~e 831IMy-

n JlBII~eHIIH JlnH paCCMaT-

( 24) 

9yC · · · 
-f8(1 -10 )cJe dTJ. (25) 
r 

b!M IIHTerpiipOB8HIIH S II 

( 26) 
- c 2 2 

22 -~) +P -I 0 1 pdp •' 

( 27) 

0pOII3B9JlH He06XOJliiMbl9 BblqiicneHIIH B ( 26) 1 nonyqiiM 

p 

r 1 o ..; c 33 c 44 

a(~+ 
a2 

r 

2 
_TJ_ 

a2 
z 

-1), a(x) 
1, x< 0 

I 
0, x>O 

• ( 28) 

TaKIIM o6paaoM1 nnoTHOCTb aapHJla s ceqeHHII Konbua c ToqnocTbJO JlO cna-

6oii aaBIICIIMOCTII 1 I r nocToHHHa 1 npiiqeM <jlopMa nonepeqnoro ceqeHIIH -

snniinc c nonyocHMII a II 
r a I Jl8B89Mb!MII <jlopMynaMII ( 27). nocTOHHHaSI z 

C n ( 28) onpeJlenSJ:eTCH no naqanhHoii ( t = 0) ·nnoTHOCTII aapHJla. AHa-

noriiqHo BblqiiCnSIJOTCSI II TOKII, B Jl8HHOii 3a)laqe OTniiqeH OT Hyng j rp 

= p v ¢ • 11TaK1 nee ycnoBIIH caMocornacoBaHHOCTH aaJlaqii BbmonHeHbi, 

Haii6onee IIHTepeceH JlnH Hac peaynbTaT onpeneneHII.SI B SIBHOM BIIne 

qepea BHeiUHIIe nong ManbiX paaMepoB Konbua; nepeiiHIUeM nocne HeKoTopbiX 

npeo6paaosaHIIii <jlopMynbi ( 27): 

a 2 
z 

Io 

AB 

Io 
AB 

my cuH 

. my cuH. 

A [ 2 (II - A 2 ) 2 ] ~ u1 . llr p + u r 2 . 

--- 2 2 2 2 2 
B..jvrvzivz-llti P. +A ivr -ll2i(vz-!l1) 

/).2 (II Z p 2 + (liZ - /). ~ ) 2 ) 2 

3necb .BBeJleHbi JlnSI yJlo6cTBa 6eapaaMepHbie seniiqn:'Hbi: 

( 29) 

(30) 

(31) 

nocToHHHbie A II B onpenenSJ:JOTCH HaqanbHbiMII aHaqeHIISIMII napaMeTpon 

CIICTeMbi. C noMOlllbJO o6m1Ix ypaBHeHIIii nnli~eHIIH (eM, I l I) npocTo no..;. 
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K83biB8eTCSI 1 'ITO II3MeHeHII9 Bp8Ul8TenbHOH 9Hepriiii '18CTIIU x/ ( y ) II 

p81liiYC8 paBHOBeCHOH 'op6IITbl npoiiCXOJliiT T8K )Ke 1 K8K B 06bi'IHOM. nepeMeH

HOM cna6ocpoKyciipyJOIUeM none, T.e. 

1 

R 0 - y"Hz y- ...;T . z , (32). 

XapaKTep IIaMeHeHIISI *e ManbiX paaMepoB Konhua cymecTBeHHo MeHsteTcst • 

.lleiiCTBIITenbH0 1 nonO)KIIM p = 0, T.e. npennonO)KIIM1 'ITO 83IIMyTanbHbiH 

KOMnoHeHT M8rHIITHoro nong H8 op6IITe OTCYTCTByeT. Torna !J. 1 = vv; 
!J.2, = ...;--;;; II 

a2 
r 

2 
a 

z 

10 

Amy cu~ v-;; 

IQ c 

BeHz yvz 

1o c 
(33) 

A e"Hz ...;-;;-
r 

(34) 

/4/ 
3To - o6bi'IHbiH peaynhTaT nnst 6otJ:Koo6paaHoro nonst • 0TMeTIIM1 tJ:To 

nocTostHHbie A II B anecb onpenenstJOT HatJ:anhHbie paaMepbi HeaaBIICIIMO 

npyr oT npyra. 

nonO)KIIM Tenepb 1 'ITO Ha op6IITe 83IIMynhHbiH KOMnoHeHT nonst BeniiK 1 

T8K 'ITO 

xl 

est none 
OCII Z 

p » 1 • (35) 

3aMeTIIM, 'ITO npii. IIaMeHeHIIII nonst H ¢ co BpeMeHeM nostBmmT-

E z II CIIna, CMelll810Ul8.11 paBHOBeCHYIO op6IITy B HanpaBneHIIII 
• Mbi npeHe6peraeM cooTBeTCTByJOUliiM IIaMeHeHIIeM aHepriiii qacTIIU. 

14 

! 

I 

I 

Torna nerKo nonytJ:IITh: 

a2 -
r 
~ 
eH¢ 

·B 

a2 
10 c ' ·E 

z -
eH¢ 

B aToM npenenhHOM cny' 
. 1 

H,~.. non.11 (- · ) 
'~" . yH 

.llaJliiM cpii3IItJ:ectyJO 

."H ¢-none Ha op6IITe paE 

HII.II C tJ:8CTOTOH UJH V~ 
BIICIIMbl9 npyr OT. Jlpyra. 

TIIU B nonepetJ:Hoii nnocKc 

oaHatJ:aeT nepexon K TaKE 

c.11 cHoBa cynepnoaiiuiieif 

ToTaMII cu 1 II cu 2 • Ec 

"H ¢ noJm ( 6onhwiix p ] 

- 9KBIIBaneHTHO II3B9CTHOM~ 

HanpHMep, /5/) o .lleiiCTBI 

(i)1 = (iJ ¢ '· (i)2 

C Jlpyroii CTOpOHbi1 ecnii 

neiicTByeT ciina, nepneHJll 

ycnOBII.IIX 8Jlii868TII'I9CKOr 

c F L 
v 

np. emH 



9HeprHif . '18CTifU x/ ( y ) H 

lK :H<e, K8K B 06,bl'IHOM nepeMeH-

(32) . 

onbU8 cymecTBeHHO MeHReTcR. 

nonO:H<HM, ·'ITO 831fMyTanbHblii: 

yTcTByeT. Toraa !::J. 1 = ...;v; 

(33) 

(34) 

/4/ 
oro nong • 0TMeTHM, 'ITO 

9.'18nbllbie p83Mepbl He38BifCifMO 

ynbllblit KOMnOHeHT nong BenHK, 

(35) 

11 cp CO BpeMeHeM nORBnReT-

CHyro op5HTy B HanpaBneHiflf 

[llfM H3MeHeHHeM 9HeprHif '18CTHU. 

l 

Toraa nerKo nony'IHTh: 

10 c 

B +~ ...j~z /vr 

AB 

B+A ..J0z 
AB 

(36) 

(37) 

B aToM npeaenbHOM cny'lae Manbxe paaMepbi Konhua yMeHblllaroTcR c pocToM 

H r1.. nong ( - l ) H He 38BHCRT OT HanpR:H<eHHOCTif 11 nong. 
~ ...jH . . z 

naaHM lj!H3H'Iec~yro HHTepnpeTauHro nony'leHHblX peaynbT8TOBo Koraa 

. H cp -none Ha op5HTe paBHO Hynro, '18CTHUbl COBeplllaroT 5eTaTpOHHbie Kone5a

HHR C '18CTOTOit CJJH ...;--;;: If CJJ H ...j V z , B nHHeiiHOM npH5nH:H<eHHH He3a

BHCHMhle apyr oT apyra. ITpH BBeaeHHH aaHMyTanbHoro nong Kone5aHHR qac

THU B nonepe'IHOii: nnOCKOCTH CT8HOBRTCR CBR38HHblMif. ITpe.llCTaBneHHe (12) 

oaHa'laeT nepexoa K TaKHM nepeMeHHbiM, xoraa aTH .llBH:H<eHHR onHcbiBaroT

cg CHOB8 cynepn03HUifeit He38BifCifMhlX rapMOHH'IeCKifX OCUHnnRTOpOB C '18C

TOT8MH CJJ 1 H CJJ 2 • EcnH CJJ 1 >> CJJ 2 , a aTo H ecTb cnyqatl: 5onhllloro· 

11 cp nong ( 50nblllHX p ) , TO HeTpy.llHO nOK838Tb, 'ITO T8KOe npe.llCTaBneHHe 

- aKBHBaneHTHO H3BeCTHOMy apetl:!jloBOMy npH5nH:H<eHHro B Teo pH~ nna3Mbl ( CM• 

HanpHMep, /5/) o neHCTBHTenbHO, npH ycnoBHif ( 35) 

(J) -
2 (38) 

C .llpyroit . CTOpOHblo ecnH '18CTHU8 .llBHraeTCR B MarHHTHOM none, H 118 Hee 

Jl9HCTByeT CHna, nepneH.lllfKynRpHag H , TO CKOpOCTb .llpefi!jla B 05bi'IHblX 

ycnoBHRX 8.llH85aTH'IeCKOrO npH5nH:H<9HHg paBHa 

v 
ap. 

c F L 

emH 
( 39) 
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li 
!! 

j! 
il 
il :, 

I 
!I 

il 
il 
il 
t, 
.j 
'I 
" 
''I 

!I 
:j 
I 

· B HaUIHX ycnoBHsrx 'H = H ¢ • a F.1 =my cu2v2x, r.ue 
H 

v -HeKoTopasr 

Cpe.UHSISI xapaKTepHCTHKa KpyTH3Hbl DOTeHuHanbHOii: SIMbi, X -OTKnOHeHHe, 

oT ueHTpa SIMbi ( - ~ , "' ) , oHo nopsr.uKa napMopoBcKoro pa.unyca Bpame

HHH B none 'H cp • TipHMeHHM <jlopMyny ( 39): 

v 
.up.-

CU~11 2 x 

CUcp 

(l) _ _1m,= 
.llp.- X 

CU~11 2 

(40) 
CUcp 

CpaBHeHHe ( 40) c Bbipa)KeHHeM .unsr cu
2 

B ( 38) .uoKa3bJBaeT c.uenaHHoe 

yTBep)K.lleHne. Ha UHKnoTpOHHoe BpameHHe c qacToToii: cu 
1 

= cu ¢ BOKpyr 

cnnoBolt nHHHH nonsr H ¢ HaKna.llbiBaeTcsr UHKnH'IeCKOe .llpeii:<!JOBOe .llBH-

)KeHHe BOKpyr nono)KeHHSI paBHOBeCHSI (ueHTpa CHn F.1 C '18CTOTO!t 

.cu2 , KoTopasr y6bxBaeT c pocToM npo.uonbHoro MarHnTHoro nomr. Cne.uyeT 

38MeTHTb 0 'ITO TaKOii: xapaKTep nonepe'IHOe .llBH)KeHHe HMeeT n'B nro6oM .upy

roM cnyqae, Kor.ua noMnMo Be.uymero npo.uonblioro MarHnTHoro nonsr cy-

UleCTByeT CHna npOH3BOnbHOro npOHCXO)K.lleHHSI, nepneH.llHKynRpHaR nonro H 

.npo.uonbHOii: cKopocTH. HanpnMep, B npsrMonHHeii:HoM aapsr)KeHHoM ny'IKe, 

H8XO.llRUieMCSI B npO.llOnbHOM MarHHTHOM none, ponb TaKoii: CHnbi HrpaeT Ky-

nOHOBCK8R CHna paCTanKHB8HHSI 38pR.llOB0 H B CT8UHOH8pHOM COCTORHHH no

nepe'IHOe .llBH)KeHHe 6y.UeT 8HanorH'IHO pacCMOTpeHHOMY Bbillle. 

3aMeTHM, 'ITO C)K8THe Dy'IKa npH yBenH'IeHHH npO.llOnbHOro MarHHTHOrO 

nonR B npHMOnHHeii:HOM cnyqae 6y.ueT HMeTb MeCTO .unsr paCCMOTpeHHOii: 

BbJUie MO.llenH .llBYX 8_ -<!JyHKUHii:, KOTOpaR MO)KeT. ocymecTBHTbCR, 

HanpHMep, npH HH)KeKUHH B MarHHTHOe none C 8BTOSMHCCHOHHOro Ka-

To.ua. 

ABTop Bbipa)KaeT cBoro rny6oKyro npH3HaTenbHOCTb C.H. Eor.ualioBoii: 

38 noMOUib npn BbJnOnHeHHH psr.ua BbJ'IHCneHHii: H A.E. KyaHeuoBy aa ueHHbJe 

38Me'I8HHRo 
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" , rile v -neKoTopaSI 

)POBCKoro pallnyca spame-

• 
2 

l v ---. (40) 

llOKa3b!BaeT CllenaHHOe 

roToli BOKpyr 

IKnnqecKoe llpefi~osoe llBH

m F .t· ) c qacToTofi 

~arHHTHoro nonS!, CnellyeT 

;eane HMeeT n 'B mo6oM llPY

~o MarHHTHoro nonS! cy

lepneHilHKynHpHaSI nomo n 

10M 3apSilKeHHOM nyqKe, 

1nb TaKOfi CHnbl itrpaeT KY-

~U~OHapHOM COCTOSIHHH no-

3HHOMY Bblllle, 

rn'npollon&Horo MarHHTHoro 

:TO llnSI paCCMOTpeHHOfi 

~io:lKeT ocymecTBHTbCH, 

c aBTosMnccnonaoro ia-

IbHOCTb C.H. Borllanoson 

AoB~ Kyaaeuosy aa ueRHble 

r 
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