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1 BBe.n;eHHe 

Ilm1 ·01rncanns ,nBlUKeHH.ll BeKTOpa nom1pn3a1.Um pen:SITHBHCTCKHX 
' ~ i ,: ~ ; . , J • ' • ' 

'laC_THll B npocTpaJICTBCHHO-QllHOPOl;(HLIX 9~eKTpoMarHHTHLIX. ,no-
1 

mrx 1.IIHpoxo. ncrrorrMyeTCx · H3BecT:u~'e" · ypaBHeHHe BaprManHa-Mn

uierr~-Tener.nn (BMT) ./1/nrr~ · 9KBHnarreu;noe eMy, ypanueHH~ B 

/2/. · ffcnonh30BaHHe· 3TI>ro ypan~eHHSI B 
1

pa.:mH'ffiLIX 3KCilepHMeH

TaJihHLIX cnTyaunxx H 3a,na~ax ycKopw:rem,no:ii q>~3HKH He _BLI3LI

BaeT_ HHKaKH:K BOilpOCOB, Borree TOI"?, ypaBHeHHe BM~ fo.mo B 

OCHOBe npeUH31fOHHOro 9KcnepHMeJITa no H3Mep~HlUO aJIOMaJI~oro 

MarJIHTHoro MOMeHTa µ-Me,3011a.f3/, Tpe~>BaJ31.II~ro 'Ipe3BLl'IaMHO 
BLICOKoro''ypoBH.S: TO~HOCTeH,·· 'Ilo9TOMY. BJIOJIHe npano~epeH BOII

poc: ia'IeM ao3apa.ruaTLCS1 K H3y'leHHIO ceoucTB ypanuemu1 BMT? 

Hal.II lfHTepec K' 9~H npo6rre~e CTHMYIDIPOB8,}I .nucxyc~ueii, KO

TOp~ IIpOHCXO.l(JfT B JIOCJIC~HCC,BpeMSI /4-6/. ''no C)'TH iJpe,nMCT 

.UHCKyCCHH MO)KHO BLipa3llTh Ka.K 38.Be.z:{OMO HeBepHoe YTBeplK,Ilemrn, 

HeaBHO ~o.uep:»cameec11 B "pa6oTax / 4, 5 /: Ha OCHOBe SIBJICHl·IH CilH"'. 

HOBOH rrpeuec~JIH B KOBapHaHTHOM JIQit:X®e BM".r B03Moxrno a'6-
HapyJKHT~ -iiapyl.IleHHe npHHU.HIIa OTHOCJITe~hllOCTH. . . {)InH6Ka B 

paccylK.IleHn.s:x, rrpnno,n;m:qag K HerrpaBum.110My BLIBQit:Y · n / 4,: 5 /, 
BLI~BJI.S:e~g ~- pa.3,ne~e 4:,uaHHOH.pa60TL1, IlpH'IJrna ueconna.neHH.ll 

'IacTOTLI rr~e~eCCHH H3; /1 /, B~p~eHHOH B ,CO~TBCll~O~ BpeMCHH 
'IacTHULI, B pa3JIH'IHLIX HHCJ)UHaJihHLIX C}{~TeMa.x o6yCJIOBJieHa. npa-. 

,,.. . ' .. , 

meHH~M 68.31-ICHLIX BCKTOpOB corryTCTBy10meu 'IacTHU.C CllCTeMLI KO-

op,UHHaT, orrpe.neJieJUILIX B KalK,llOH CHCTeMe ~ornacHO /1/, OTHO

CHTeJihllO 6a3HCHLIX BCKTOpoB, npeo6pa30B8JIHLIX IIO Jlope11u.y H3 

.upyroii CHCTeMLI. 

Borrpoc opHeHTauHH 6a3HCHLIX BeKTOpoB corryTCTBy10me:ii cm:

TeMLI, CCTeCTBC)iJJO, HBIDICTC1l Ba)KHLIM ,UJlll OIIHCaHHK CilHHOBOH 

npeueccHJI, Maie:a.taTH'ICCKaSI oco6eHHOCTL rrpo6JieMLI cBg3aHa. C 

.UH<pq>epeHUHpoBa.HHCM BCKTOpOB B~OJIL TpaeKTOpHH 'IacTHULI, Ta-
c·, , I ·, - ,- , '· -

KHM o6pcpoM, _ B, pacCMOTpeHHH y~~TBYIOT TPH CHCTeMLI KOOp,nH-
HaT:, na6opa:ropHa.sI, conyTCTB)'IDilla.sI B onpe.nen:eHHLIJI MOMeHT BJ» . 

MeHH {ii ~onyTCTBY~IllWI B MOMCHT BpeMCHH t + dt .. .Ilm1 KpHBOJIH".' 
. ' . ,, ., .. · ' - .. ·, 



ne:iino:ii TpaeKTOpHH B o6meM cny11ae 3TH JlBe conyTCTByroru;ue cue~ 

TeMLI oxa.:n..iBa.IOTCa llOBepnyTLIMH Jlpyr OTHOCHTem,no .llpyra. B 
'lacTHOCTH, 11pmmnenHeM 3TOro Bparu;eHH$I 51:BJUleTCg TOMacOBCKag 

.,. ' . '' . '·. . ' '" 'i 
11peueccus.i: BeKTOpa 11ons.i:pu3auuu, 3aJla.irnoro B co11yTCTBy10meu 

cHcTeMe, 11onyqaeMou H3 na6opaTOpuo:u nopeuueBCKHM 11peo6pa.30-

BauueM 6e3 nparu;enux /2/. tiacTOTa 11peueccn:u B /2/; xax H;~· 

BeCTHO, COBlla,llaeT C 'lacTOTOH EMT'JlJijl BeKTOpa 11om1p.H3a.UHH B . 

na6opa.TOpHo:u CHCTeMe 'xoop.llHHaT. C OTHOCHTCJihHLIM Bpam;eHHeM 
• f , t , 

COOTBeTCTBYIOillHX co11yTCTByroru;ux CHCTeMLI KOOpJlHHaT CBS3aHO 

HCCOXpaHeHHC 1Ia.CTOTLI CIIHHOBO~ 11peueCCHH B /2/ 11pH nepexo,ue o-r' 
0,llHOH mrepuilam,i-1oii, CJICTeMLI 'x Jlpyroii - Pa.3.llCJI 3 .. CymecTBYIOT 

BLIJlenennLie; 'a HMelino MennepOBhl /7 /, npeo6pa.3oBaHHSI xoop.uu

Ha.T, KOTOpLie coxpau1110T B3aHMHyro opi1enTauH~·oceii.llByx 6JIH3:' 

KHX n~ BpeMeHH conyTCTBYIOIUHX HJI:H C06cTBCHH~X (ycxopenHtx r 
CHCTeM XOOpJlHHaT. HcnOJib30Ba.HHe iim1 BLIBO.lla ypaBHeHHH EMT 

MeJ:i:nepoBLix co6cTBeHHLIX CHCTeM B xa.11ecTBe HCXO.llHi:.1x, r.n:e BLI

noniunoTc.sr: HepeJISITHBHCTCKHC TpCXMepHLie ypaBHeHH51 JlJIH JlBH.>KC

HHg BeKTOpa IlOmlpH3auHH, a BpeMeHHas KOMilOHeHTa paBJ:ia HYJIIO 

11o·npe)lilOJIOX<.eHHIO EMT,·xaxeTCg 6onee npe.nrio.n;11HTeJibHLIM, 'l.eM 

1rnepuuam,HLIX 6e3 rronopOTOB oce:ii, KaK c q>lI3H'lecxoii (11punuu11' 

3KBHBaJieJ:ITHOCTU), TaK H C MCTOJlJl'lCCKOH TO'leK 3pCHHS. XoTH B 

1rnepuuaJU,HLIX CHCTeMax xoop.rrirnaT ypaBHeHua: EMT He MeH.SIIDT ', 

CBoero DH,Zla H HlU{a.KHX HOBI:,IX q>ll3H'lCCKHX pe3yJibTaTOB He CJie)ly

eT, B pa.3,llene 2 o6cy)KJ{aeTca: o6meioaapuanTHLIH BH.ll ypaBIIeHH:ii 
EMT. 

' 

2 06meKoBap:eaHTHhIH BH,n; ypaBHeHHH 
EMT 

Cne.nyH paccy:ameHH.SIM EaprMaHna, Mumem1 H Tener.nu /1/ H : 

npe)lnonarag BLIXOJl 3a paMKH Cllel(HaJibHI:,IX. npeo6pa30BaHHH Jlo
peHua, · 3anumeM 06mexoaapHaJITI1oe ypaBHemrn JlJIH 11eT'i.ipexMep
Horo BeKTOpa IlOJI5IpH3a.UHH ai: 

2 

:, 

. ' .. .:'} ' . , ;. ' .. . ' 

Da' da' • ,_ 1 •1c • LC - = - + fic1u"a = 2µF' a1c - 2µ'u' F" u1ca,. (1) 
dr dr 

3.lleCb 11pHH.sITa CHCTeMa e)lHHHU c = 1, h = 1, m · = 1, µ H µ' -
HOpMaJibHaJI ~ a1:1OMcl.JlbllaJI 'lacTH MarHHTHOro MOMeHTc3.. 'l~THULI, 

F•k -, Ten:iop 3JICKTpOMa.I'HHTHOro nom1, U i _· 'leT¥J>eXCK~poc,::i,_ 11ac-

THULI, a fl,1 - CHM~?JILI KpHC-:J;Oq>q>ena:. :Ypru.mem~~ (l},13p ~cex 
., , • ' "'>' " • ' ·~ .. " '" . ,l'I' ;,_t. ' ,, 

}IHepUHaJibHLIX CHCTeMax COBila,llaeT C ypaBHeHHeM EaprMaHHa, . 

M11men~ H Tener)lH. CM:bICJI nepexciua K o6me~oaapHaHTHOH 3~~ 
, . l'.._ (' ~-· s • : .! , { I 

CH COCTOHT B TOM, 'ITO OH Il03BOmleT no cpaBHe}IHID C EMT pac-

CMaTpHBaTb CHCTCMLI IlOKOa: 'lacTHULI C npOH3BOJibllOH MeHa:romeii

C.SI BO BpeMeHH opue11TauHeH oceii 110 OTHOWCHHID K na6opaTOpHOH 

CHCTeMe. YpaBHCHHe Jliul BeKTOpa nona:pH3aUHH B CHCTeMe IlOKOa: B 

/1; 2/ BepHo, eCJI~ ~~aHMHa8 6plieHTan;Hg oceu c~~Teld ~OK0.9: '.nn.s1 
. : ' ' ,-i, . '1 ( :•"l'-

.UBYX 6JIH3KHX TO':lCK TpaeKTOpHH He MemieTCH. B 3TOM. cny11ae 

CHCTeMI:,I llOKOa CCTb· MeJinepoB~ MrHOBCHHLie HHCpUHaJibHLie CHC-
TeMLI /7/. . . 

BLIBO.ll ypa.BHCJIH$I (1) MOJKHO C)leJiaTI>, eCJIH npeJIIlOJIO)KHTb, 

'ITO yCJioBHsi, Tpe6yeMLie EMT B CHCTeMe 110Koa:,· OTHOCa:TCa: K co6-

CTBeHHOH MeJinepoBOR CHCTCMe, T.e. CHCTeMe, B KOTOpOH CKOpOCTI:, 

H ycKopeHHe 'la.CTHULI paBHI:,I uyrrro, a opHeHTaJlHSI oceu JlJijl .llBYX 

fieCKOHC'IHO 6JIH3KHX MOMeHTOB Bp~MeHH He M~iueTC.sl. TaKHM o6pa-

30M1 noTpe6yeM, 1.no6hl B MennepoBoH co6cTBeHHOH cHcTeMe BeKTOp 

nomq>H3aUHH HMeJI Blf.ll a' = (0, e) , a BeKTOp ( Y.llOBJieTBOpllIT 

ypa1rneHHIO 

d( --
dr :.=·2µ[eHJ, .,. l ~ ' ~ (2) 

I 

r.ne jJ - Hanpa:JKeHH~Tb, Ma.FHHTHOro l10JI${ B MennepoBOH CHCTe.Me. 

3aMeTHM, 'ITO Hallie Tpe6oDaJIHe HaXOJlHTC.sl B COOTBeTCTBHll c 

11pHHUH110M 3KBHBaJieHTHOCTII H. d.t .. 0 BMCCTe C a0 = 0 B OTJUPI.He 

OT HHepuHaJibHLIX CHCTeM rioKOH / 1, 2 /. IloxaxeM, 'ITO B Men

JiepOBOH cuc-reMe npocTpaJICTBCHHLie KOMnoHeHTLI M?'TPHUbl.,Sf,, u i 

paBHLI HYJIIO. PacCMOTpHM 11peo6pa30BMIJUI OT nafi<?pn.ropm,IX 
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(HH~PUHa.JJLHLIX) xoop,nHHaT X K HeHHepuHaJibHLIM KOOp.nHHaTaM 

X .BH.l{a 

' , X' = f'(r) + xkai(r), (3) 

r.ne :i ( T j OiJHCLIB8.eT .l{BHlKeHHe Ha11a.ira '•x:oop.nuHaT HeHHepuHaJib-
,,, • • ' , • • ~ .' . ., • • , ! 

HOH cHcTeMLI n 1rnepuua.n1>J10H. · ·· · 

', '. Ko~;apHaJITJI~ 'npoH3BQI:{Ha.sI npOH3BOITLJIOro 11eTLipeXMepHoro 
.'') :.-· . •'f,.,. . : ' .' • • . 'I. .· ... 

B~KTOJ?a b' srnruieTC~ B~KTOpoM.' EcnH b(A) H b(!') - KOMilC>HeHTLI b' 
COOTBeTCTBeHHO B iJ:a6opaTOpHOH H HeHHepUHaJILHOH CHCTeMax, TO 

~ I " • • • • " c • ' 

' -1 j db~A) _ Db{") (a·)----
·•· ' dr' dr·· • 

- '. t~ i-1,; 

(4) 

(B Jla.6<:>p~TOpHOH ,cH~TeMe KOBapHaH~H~ rrpOH3BQI:{HaJI co~na,llaeT 

~ o6!'1:111ibiif, Ilo.nc:a~HB B (4~ btA) = a(b~")' nbnyl!HM . . 

dbf") _'1 ;daf k '_ Dbf ") 
dr +(a ), dr b(") - ~-

{({ 

.Ilo onpe.neneu~110 cHMBonoB Kp~cro4>4>_em1 r{k B ueunepuua.n:1,-

uoii CMCTeMe, 

ITO3TOMY 

.· Db{") =· dbi") + r{ku'bt")' 4T dr 

(a-1)~ dat = I'~ u' (5) 
' dr ,k • 

Ilpeo6pa30BaHHSI K MennepoBLIM x:oop.nHJ:IaTaM HMeIOT BH.n (3), 
npH1!eM BeJIH1IHHLI . ai SIBJISIIOTCSI. B 3TOM cnyqae KOMITOHeHTaMH 

YHHTapHOH Ma.TpHULI H y.noBJieTBOp.HIOT ypaBHeHH.HM 

da' . 
_k = aieL . (6) 
dr 

r.ne (Ck= tl1uk - Ukti:1. Hcnom,3y,i yHHTa.puocTL (a-1 )1 = aj, H3 (5) 
H ( 6) ITOJIY1!HM 
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.) 

rvi '(. · )l 
'l'U = O!I' U[Uk - Uk'Ul O!v. 

TaK KaK Mem1ep0Ba CHCTeMa aBm1eTCS1 co6cTBeHHOH, TO 

rr/.'u' = 0. 

IloKa.::iKeM, qTo rin.s1 sa.nrurnoro .l{BH::iKeHHSI 11acTHULI MennepoBLI 

CHCTCMLI, COOTBCTCTBYIOIIlHC pasrr~qHhlM na6oparopHLIM (uuepuH

aJibHhlM), COBilc)JlaIOT. 3TO y,no6HO C,UCJiaTh B MaTp111!HOM 'BH,Ue'. 

IlycTL HMCIOTCSI .UBe uuepuua.nLHhle CHCTCMhl, .UBH::iKyIUJfeCSI co CKO

pOCTSIMH V H J; M(v) H M(ti) - MaTpHULI nepexo.ua B COOTBeT

CTBy10nme HM Mem1epoB~ CHCTeMhI, a. L(;, / v) - Ma.TpHua. nepexo.ua. 

Me)KJJ;y .HHMH. Tor.ua ua.rne yTBep)l{JleHHe CBO.UHTCSI K MaTpn1!HOMY 

paBeHCTBY 

L(1!/ii)M(ii) = M(1!). 

IlycTh X = L(J/v)M(v); ror.ua. 
' 

dX = dL(1i /v)M(-) L( 1/_)dM(v). 
d d 

v+ tv d, 
T ,T T 

Ho dL(;:/il) = 0, a cn:;~ii) = e(v)M(ii) B CHJIY ypaBHeHH'1 (6) 
(eik = 'UitLk - ti1cu,). Il03TOMY 

~ = L(J /v)e(ii)M(v) = L -l (v/J)e(v)L(v/J)L(;, /v)M(ii); 

TaK KaK e(v) - TeH30p BToporo paura, TO 

clX -- = e(v')X, 
dr 

T. e. X y.uoBneTBOpSleT ypaBHeHHIO (6) B CHCTeMe J, no3TOMY X 
coBna.uaeT c M( J). 

KaK Jf3BCCTHO /7 /, HarrpaBmI101IlHe opTbI MennepoBoH cHcTeMLI 

npeueccnpy10T OTHOCHTeJILHO na.6opaTOpHoii c 'IacTOTOH, paBHOH 

5 



·) 

- ·r r-:-if wr= -- ivv 1 l+'Y". 
(7) 

trrpeueccmi: ToMaca). Ecirn 1.rnc,rm1a conepma.e-r nrrocKoe nnmJrn1rne 

B CKpem:eHHbIX :meKTpl-1'-IeCKOM " MarHJ.1THOM ITOJI.sIX, TO 'lacTOTa 

npeueccttH ee cmrna B na6opa-rop11oii CHCTeMe 110J1y1.J.a.eTc51 Jl06a1mc-

1rneM WT K 'laCTOTe npeuecnrn CHHHa B Mem1epOBOH CHCTCMe WM 1 

rrorrrremmii _lf'3 nepem1TlfBHCTCKor,o ypanne11m1 ( 2): 1 

W[ = WM +wr (8) 

Bcrre.n:cTBlfe JlOKa:Jammro y-rBep}K]lemui o e.n:HHCTBeHHOCTH Men

rrepoooii ClfCTeMI>I lf_ (8) 'lacTOThl npeueccm-1 cmnra B .n:nyx pa:mw1-

11wx CHCTeMax OTJIH'laIOTCSI Ha pa3HOCTb COOTBeTCTBJIOTUlfX TOMa.

COBCKHX lJaCTOT. 

3 06 yp~BHeHHH CIIHHOBOH rrpeuecCHH B 

MrHOBeHHblX HHepuHaJibHbIX corryTc

TBYIOIUHX CHCTel\1:ax / 2 / 

YpaBHe11ue, :JKBHBaJICHTHoe BMT, 110 JlJJ.sI neKTopa nonsrptt:.muuu B 

MrHoBennoii HHepu»arrbHOH corryTcTByT<mleii c»cTeMe, rrp»Be.n:e110 

n /2/. CorryTCTBYIOIIla.sI CHCTeMa JIOJIY1IaeTe& B /2/ B Ka)K.D:LIH 

MOMCHT 'npeMeH» rrpeo6pa3ona1rneM Jlopeuua 6e3 BpameHHS: Jt3 rra-

6oparop11oii. TaKHM o6pa3oM, op1teHTaUH.sI ocel1 conyTCTBYK>IllHX 

CHCTCM OTHOCHTCJihHO na6opaTopHOH ue MemieTca, a B3aHMHaJI opH

eHTaUH.sI JIOCJie.rlOBaTeJihHhlX CHCTeM MCHSieTC.sI BJlOJih TpaeKTOpHH 

11aCTJtUbI. 

IloKa)KeM, 'ITO opThl BBe.n:eHHOH TaKJtM 06pa.10M CHCTeMbI npe

ueccHpyI<>T OTHOCHTCJibHO MeJIJiepoBOH C TOMaCOBCKOH 'laCTOTOH. 

. l Ilo.n;o6aoe Y.TBep)KJJ:CHRe, O)J;IIll.KO 6e3 KOIIKpeTR3aIJ;RR co6CTBeRROR CRCTe

MhJ, co.nep)l{KTCll B pa6oTax /3, 8/. 
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·~ 

:) 

Bne.n:cM 11cm1epu:1mm,Hy10 CHCTCMY, ·ocn H cKopocTh KOTopo:ii B Ka)K

JlhIH MOMCHT BpeMeHH COBrra.n:aIO~ C OC.sIMH H CKOpOCTbIO COOTBeT

CTBy10m:e:ii MfHOBeHHOH corryTCTBy10m:e11:, a ycKOpeHHe - C ycKO

peHHeM 'lacTHU:hl. Ilpeo6pa..10BaHH$1 OT rra6opaTOpHOH CHCTeMhl K 

BBC.UCHHOH ue1rnepU,Ha.JlbHOH HMeIOT BH.D: (3), r.ue af - KOMITOHeHT.bI 

MaTpHULI c~(v(r)) npeo6pa3oBaHH.sI Jiopenua 6e3 BpameHH:ii, cooT

BeTcTBYIOIUero cKopocTH 11acTHUI>I B MoMeHT BpeMeHH r. · :Ilpe

ueccm1 HarrpaBJI.sIIOIIlero Op'I'a MerrrrepoBOH CHCTeMbI Oill1CbIBaeTC.sI 

B na6opa:ropHOH CHCTeMe ypamieHHeM /7 / 

dei . · - = u'ule1 
dr 

Ilpeo6pa.3yg :no ypaBHe1rne K HeHttepuHam,uo:u CHCTeMe H y11H;. 

ThlBasl, llTO oua COOCTBeHHa.sI, HMeeM ,urrg npocTpaHCTBeHHhlX opTOB 

d ,,, . . . 
~ ( -l)fdOt~ ,. -
. dr + Cl' .' dr e(H.) -O, 

T. e. npeueccHg orrpenem1eTC.s: MaTpHue:ii a-11~. Bocrrorrb3oBaB-
. lbZ 

lllHCh pa3Jio)Kem1eM a= I+ ,b + ~' r.ue 

Vx 

( 

0 

b = -Vx 0 
-V11 0 
-Vz . 'ff 

Vy Vz ) 
0 0 
0 0 I 

0 0 

.n:n.s1 Bhl'lHCJieHH.sI npocTpancTBeuno:ii 11acTH .a-1 ~~, rrorry11~M 

( 

Q Wz 

-wz 0 
·· WI/., ·-Wz 

-w'!I) 
~ I ' 

r.n:e Wz,y,z· YJlOBJieTBOpSIIOT (7), , _'lJ.TO H JlOKa3hlBaeT cnpaBe.rlJIHBOCTL 
' . ' ' ' , ·" 

cnerraHHoro yTBep)KJleHH.s:. 

11 peueccm1 MfHOBeHHhIX conyTCTBYIOIIlHX CHCTeM, Hcnorr1,3ye

MLIX B /2/, OTHOCHTeJihHO MeJIJiepoBoH c TOMacoBcKo:ii 11acTOTOH H 
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IIO.sICH.sieT H3BCCTHLIH 4>aKT COBIIa,lleHH.sI 'laCTOT npcuecc}rn B /1/ H 

/2/. Crre.nyeT 3aMCTHTb, O,llHaKO, 'ITO _MrHOBeHHLie HHepUHaJibHLie 

CHCTeMLI B/2/, norry'leHHLie H3 pa.3JIH'lHLIX rra6opaTOpHLIX CHCTeM, 

He COBJla.zlaIOT .llpyr C .upyroM, .a HX OJ)TLI rrpeueccHpyIOT C OTHOCH

TeJII,HOH . 'lacTOTOH, paBHOH pa.3HOCTH qacTOT TOMaconcKHX npe

ueccH:u: B 9THX CHCTeMax. B CB.sI3H C 9TJIM OTMCTHM ne60JiblIIYIO 

llCTO'lHOCTb_,B ./2/, CB513aHHYIO C HCIIOJib3OBa.HHeM O.IlHOro H TOro 

JKe '.0003Ha.'leHHSI ,llJlSI .llBYX pa.3JIH'lHLIX BeJIH'lHH: BCKTOpa IIOJ1SI

pH3aIUUI, KOTOpLIH Hcnon1,3yeTc.s1 rrpH BhIBQile ypa.imemrn EMT H 

3a,UaHHOro B CHCTeMe IIOKmI, COOTBCTCTByromeii Merrneponoii, H BCK

TOpa IIOJUipH3aII.HH B MfHOBeHHO:U: corryTCTBYIDillCH CHCTeMe, rrony

'laeMOH 
1
H3 na6oparopHoi rrpeo6pa.30Ba.HHeM Jlopenua 6e3 apame

HH.sI. 

4 K AHCKYCCHH O rrpenecCHH CITHHa H 

rrpHHUHIIe OTHOCHTeJibHOCTH 

B pa6oTax /4, 5/ ,llenaeTC.SI yTBep2K.lleHHe o Hapymemrn npHHUHIIa 

OTHOCHTeJII,HOCTH B .sIBJICHH.sIX rrpeuecCHH cmrna .lJ.BH)KYJllHXC.sI qac
THU, Ilpe.unonarae·rcH, 'ITO BblpaiKeHHe .um1 qacTOThl npeueccm1 

crrHHa 11acTHUhl, .llBHlKym;eiicH co cKopocTbIO v .L ff: 

w = (2µ + 2µ'(-y- l))H + ( 2
µ1++

2
~

11
) [Edj , (9) 

BLIIIOJIHHeTC.9: TOJibKO B QllHOH CHCTeMe KOOp.llHHaT (" a6comoTHo:ii"), 

a a .npyrHX CHCTeMax MO)KeT 6bITb Ha:ii.neHO rryTeM JIOpeHII.eBCKHX 

rrpeo6pa30Ba.HHH 9JieKTpoMarHHTHLIX rroi:Ie:ii ~ cKopocTe:ii B (9). Ha:ii

.ueHHaSI TaKHM o6pa.30M 'lacTOTa 3aBHCHT OT CKOpOCTH .IlBHlKeHHH 

OTHOCHTeJibHO "a6comoTHo:ii" cHCTeMLI, 'ITO no3BOJI5IeT roBopHTb 

06 OIILITaJC no 06Hapy2KeHHIO a6coJIIOTHOro npocTpaHCTBa. 

IloKa:>Ke~, 'ITO OTHOCHTe~b~YIO 'lacTOTY npeuecc1rn B HeKoTO

poii HHepUHaJII,HOH CHCTeMe, BLipa)I{eHHYIO B a6conIOTHOM BpeMeHH 11r··" · ; •. ·.· · 
8 

· · 2µEn . (En . - ) 
naMT = --- + 2µ', - + ii [Hn] , . v, u . (10) 

rne Tl, - C}lHHH'lHblH HOpMaJibHLIH K CKOpOCTH BeKTop, MO.>KHO rrorry

'lHTI, H rryTeM rropeHueBCKHX ripeo6pa30BaJIHH BeKTOpa·rrom1pH3a

UHlf H3 .upyroii HHepuJta.JihHOH ClfCTeMbI, rrpH'leM BLipa.>Kemte nm1 

Q,BMT 6y.n:eT HMeTb BH.D: (10) H He 6y.n:eT co.n:ep)KaTb OTHOCHTCJibHOH 

CKOpOCTH .IlBH:>KeHHH CHCTeM. B03bMeM JfCXOJJ:HOe BbipaJiceHHe .D:JIH 

BeKTopa nomipH3aUHH, HOpMHpOBa.HHOI'O Ha era 'leTLipexMepHbIH 

MQilyn1,, B 4>opMe / 1 /: 

a·= eucos«p + eJ.sin«p; (11) 

rne e11 = 1 (v, !) ; eJ. = (0, n); nii ~ 0; nn - _1; «p - yrorr npeuecCHH 

CJIHHa OTHOCHTeJibHO CKOpOCTH, TaKOH 'ITO <P = Q,BMT• 3aMeTHM, 

'ITO BLipa)KeHit:e ( 10) .D:OJI.>KHO coxpaHHTb CBOH BH.D: a nI06o:ii HHepuH

a.JibHOH CHcTeMe. IlycTb rrpeo6pa3oBaHHe BeKTOpoB K rrpo.H3BOJibHOH 

CHCTeMe naeTCjl MaTpHueii JlopeHua C K03$cl>HUHeHTaMH 0/ik• Tor.n:a 

a/ = Ll!i1ce111ccos«p + Ll!ikeJ.ksin<f,. 

.IlnjJ: Toro, 'IT06LI Beicrop nonjlpH3aIJ.HH B mTpHXOBaHHOH cHc

TeMe npe.n:cTaBmmcx B BH.n:e (11) c opTMIH e11\eJ.', COOTBeTCTBY

IC)JllHMH TpaeKTOpHH B 9TOH CHCTeMe, Heo6XQI(HMO. H3MeHHTh yron 

rrpeueccHH na ¢' = «p + 4>, a yron 4> onpe.uenHTh H3 ypaBHeHHH 

cos4> =, O/i1ce111ce11, = 0/ikeJ.keJ.i, sin4> = -01ikeJ.1ce11, = 01,1ce111ceJ.,. 
, (12) 

BbinonHHMOCTb c_ooTHOllleHHH (12) rrerxo npoaepxeTC.s.i:, ecrrH 

y'leCTb, 'ITO BeKTOpLI ae11 H Ct!ej_ OpTOroHaJibHbl H BMecTe c e11 H eJ. 
Jie}KaT B o.uHoii rrnocKocTH. lb ypaaHeHHH (12) nony'laeM pa.3HOCTh 

'lacTOT npeuecCHH B .D:BYX CHCTeMax KOOp,llHHaT: 
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<f> = -Olik (e1.kell 1 + e1.kc11,) 
(13) 

n,,kellkeili 

Pa.ccMoTpHM npocToii KOHKpeTHhlH npHMep, Kor.na qacTHUa cg-. 

q>a.KTOpOM paBHhIM 2 . .IlBlDKeTCSI B HeKOTOpoii CHCTCMe no KpyroBOll 

TpacKTOpH.H .B. nocTOSIHHOM Ma.nrnTHOM none. B 3TOH c.HcTeMe 11a

cT0Ta npene~C.HH CII.HHa. OTHOC.HTe1IbHO CKopoc~H qaCTHilhl ¢ = 0. 
,\ ,, .. ' ' ' , . ~ ' . 

B .D:BH.tKyrn:eiicSI OTHOC.HTeJibHO 3TOH CHCTeMe HMCIOTCSI CKpern:eHHbie 
' ' ' . ' . 

3.TICKTPlltJCCKOe H MarJI~THOC TIOJISI, H TpaeKTOpHSI qa.CTHULI HMCCT 

BH.n TpOXOH.D:bJ. 3TOT 1Ipl1MCp (c HeHyJICBOH aHOMaJibHOH 'IaCTblO 

Ma.rHHTHOI'O MOMCJITa, 'ITO B na.JIJIOM crrytrn.e nccymecTBCJIHO), H 

paccMaTpHBaeTCSI B pa6oTax_ /4, 5/, rne Bbl'lHCJISIIOTCSI 3Ha'<ICHJUJ 

'la.cTOTbl npeueccHH B ll.BYX T011Ka.x Ha TpOXOHLlC, TaKHX, r.n.e CKO

pocTH 'la.cTHUbI napaJmeJibHbl OTHOCHTCJibHOH CKOpOCTH CHCTCM. 

Bhl11HcJ1enHe MrHoBeHHOH qacToThl. upeueccmt no q>opMync (,13) B 

yKa1aHHbIX TO'IKa.X .naeT, B IIOJIHOM COOTBCTCTBHH C /1/, 
,r: 

. _ ( En) 
4>- --

V"f 

r.ne v, "{- 1na11emu1 cKopocTH H pem1THBHCTcKoro q>aKTopa. qa.cTHUI,1 

B BbI6pa.HHblX T91JKaX TpOXOH,Uhl • 

B JI106oii lrnepuuanhuoii cncTeMe qacTOTa npe1lecc1rn CKJia,nhl-

Ba.eTCSI.H3 UlfK1IOTpOHHOH 'la.CTOThI 

. ... 1 [ -] 
w = II - - 17E 

C '}, 
. 1) 

H 'la.cTOThl nBMT (Cho 0 11eBH.UHO npH nepexo.ne K COOTBCTC'l'By

IOIHCJ1 MfHOBC}IHOH conyTCTBYJOII'{CH CHCTeMe/2/). Ta.KUM o6pa30M, 
~ . ' 

DhJllHC.TICHHe 11acTOTbl npeuecCHH C HCII01Ib30BanneM npeo6pa.30Ba-

HHH JlopeHua .naeT, ecTeCTBeHHo; pe3yrrhTaT, nm1y1IeHHhIH B /1/ B 
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pe3yJibTaTe perneHH51 KOBapttaHTHOro ypaBHeHH51 Jl:Jl51 CilHHOBOll npeueccuu. 2 

HapyrneHHe ~pHIIUlma OTJIOCHTe1IbHOCTH HC1Ib3a HCKaTb, HCX9.USI H3 

KoBapuaHTHhIX ypaBHCHHH BMT L11IS1 IJ,BmKeHHg aeKTopa 11orrS1pH

JaUHH B 31ICKTpoMaI'HHTHbIX II01ISIX. 

A11Toph1 6;1a.roJlapHhl If M. BoJICYI'OBcKoMy, B. JI.· JI106ournuy, 
B. C. HeranoBy, M. Ii. Ilo.n.ropeuKgMy H JI. M. CopoKo3ao6cy)K.rtenHSI. 
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