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3TOT B0llp0C HeO.llHOKpBTHO o6cy;.K LIB.JCI'I B o6we:-.1 BHLie; ue.,b H8CT011Uteti paOOTbl coc

TOHT B cpH3ll'cleCKOM 8H8.'Il-I3e HeKOTOpblX '18CTHb!X CJiy'laes. PacC:<.!OTpli:-.1, HanpH:<.!ep, CHCTC!\ly 

WTapKa .:taeT KapTHHY yposHeil, H3o6paa<eHHYIO Ha pac. la. BK_,IO'!eHne :-.t.;~rHIITHoro no.,;J 
-+ 

if £ llpliBO::IIIT K _-:JOllO.,HHTeabHO\IY pac wen-

neHii!O lpHc. 161. [lpH ysemt'leHHH if yposeHb c :n ~ o OCTBBTCSI HB ).!E>CTe, 3HeOrJISI vpoa-

HSI C m =- 1 MOHOTOHHO fi8Ll8eT; llpH HeKOTOpOM 3H8'!eHIHl llO!ISI i/
0 

ypOBHil nepeceKrJ JOT-

est"', 38TBM paCXO.ll.S!TCft, llpli'IB\1 KB/K.::XblH H3 HHX COXp8HS!eT rrperKHee 3Ha'!eHI!e m 

nycTb Teirepb MarH!:T HOe llO!Ie HMeeT He60JibWY!O rronepe'IHY!O COCTBBJISIIOIJly!O h, 

0Ha He HrpaeT 38MBTH8i1 p0"11 1 llOKa BeJI!{'IHHa H. .:taneKa OT KpHTH'IBCKoro ~Ha'!eHHSI H0 • 

0.llH8KO ll!DH If -• i/
0 

H8JIH'IUe .ll.!ii)Ke ).18JIOro .!J npHBOLIUT K cyweCTBBHHO\Iy H3MBHBHHIO . 

BCeli K8pTHHbl. C UHTepecyiOIJlBH HaC CBH"'BC TO"'KII 3pBH!{SI rJiaBHOB H3MBHBHHB - OTCyTCTBl!e 

Ill · 
"'nepece"!eHHst" lcM. TBKiKe , § 761. CHa'lana, KaK H paHbllle, ynoseHb c rr. ·"' 0 Heno.::rBH-

>KeH, a ypOBBHb C m =- 1 nepe:vtemaeTCSI BHH3. nocTeneHHO er'o LlBIOKBHHB 3a:-,teLIJlSIBTCSl 11 

OH OCT8H8BJIHB89TCS1, npH6JIH)I(8SlCb 8CHMllTOTH"'BCKH K TOMy llO!IOiKBHH!O, KOTOpOe 38HHM8.'1 

paHee YPOBBHb m = 0 lcM.pHc.21. iV\bl roBOpHM "paHee•, llOTOMY "'TO rrpH Ji _.-i/
0 

yposeHb c m = 0 Ha'IHHaeT LIBIIraTbCst BHH3 H npH .!!lOCTaTO'IHO ·6onblllHX H ero sHeprHst 

HB'IHHaeT H3MBHS!TioCH no T8KOMY iKe 38KOHy, KBK .elliS! ypOBHSI C m = 1 • VfHbiMH c.rro-

BaMH, 06a ypOBHSI K8K 6b! 06MeHHB8IOTCSI BB.TJii'IHH8H m yposeHb c m ~- 1 nepexo.::rHT !3 

-..=4-m=O ,am=O nepeXO.llHT B m ~ - 1 ;a6JIH3H "o6JI8CTH nepeCB'IBHHst' CT8UfiOH8PHhlB 

J 

" 

- COCTOSIHHSI B0061Jle He 06JI8.ll810T onpene.TJeHHbiMH _3Ha'leHHSl\H! npOeKUHII yr!IOBODO MOMeHTa .HB 

. xl 
npononbHOe HanpasneHHe 

AHa!IOrH'IHbiB _SlB!IBHHSl HMe!OT MBCTO H .ll!ISI CHCTeM C .llpyrHMH 3H8'1BHHSIMH CnHHa. Ha-

npHMen, -npH ·[ = 3/2 pe'lb MOiKeT H.:lTH 0 • nepece'!eHHH"' ypOBHeli C m ·~- 3/2 H 

m=+'/z , KOTOpoe ocyweCTBJISIBTCSI TOJlbKO, BC!IH h = 0 • B npoTHBHOM cny'!ae 

'nepece'!eHHSI"' HeT, H npH H > H 
0 

ypOBHH pacxonSITcst, "'o6MeHHBaSJch" KBBHTOBbiMH qncnaMH 

m , K8K 3TO nOK838HO H8 pHC. 3. 

/2-4/ 
C~taaaHHoe MO)I(eT HMeTb paanH'IHhre npHMeHeHHSI. B pa6oTax 6bmo paccMoTpeHo 

COBMBCTHOB B!IHSIHHe 3JlBKTpH'IBCKOrO H MarHHTHOrO llO!IBH Ha pe30H8HCHOe paccesiHne CBeTa. 

B 'laCTHOCTH, 6bi!IO noKaaaHtt', 'ITO B cny'lae napannenbHhiX norreli npH "'neoece'!eHHH"' yposueli 

B036y)l(.ll9HHOrO COCTOSIHHSI aTOM a nnOHCXO.::IHT HHTepcpeoeHUHOHHOe H3MeHeHHe HHTBHCHBHOC_TH.' 

pacceSIHHOrO CBeTa. AHaJIOrH'IHOe SIB!IBHHe HMBBT MBCTO H .ll!ISI YJ' -cosnaneHHH npH HanH~ 

qHH BHemHero Mai'HHTHOro nong H KBa.apynonbHOro pacmenneHIIH ynosaefi nr:~o:-..teiKyTO'IHOro 

-~ 

COCTOSIHHSI. EcnH E H He BfiOJIHe napa!I!IBJlbHbl, TO- llOSIB.!lSIBTCSI n0nepe'IH8SI COCT8BJISI-

101Jl8SI MarHHTHG>ro QO!Ift H nepeceKa!OlUHBC!I ypOBHH paCXOL111:CSI H8 HBKOTOpyiO BellH'IliHY 8 . 

3To He B!IH!IeT Ha M9X8HH3M paCCBSIHHSI, eCJIH 0 << J' , r.lle l' -ecTeCTBBHHaSI !LHpHHa 

paccMaTpHsaeMbiX yposHeli. OTc10na nerKo nony'IHTb oueHKy nonycTHMoro yrna Henapannenb

/5/ 
HOCTH • B cny'lae I ~ 1 HMeeM 

xl 
iV\o)I(HO fi0K838Tb, 'ITO OllHCaHH8SI ClfTyaUHSI C "'o6MeHOM KB8HTOBbiMH 'IHCJ18Mfl"• OTHO-

CHTCSI He TOJlbKO K paCCMaTpHBaeMOMy '18CTHO).!y C!Iy'la!O, HO H HMeeT 061Jlee 3Ha'leHKe. 
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o «rrJ'h -x . 

Ill 

Ill 

npa- H "'- H
0 

.aa)Ke He6om.woe nonepe'IHoe ·none npaao.aHT K pa.aaKanbHOMY "rrepeMewHB~

HHIO' C06CTB9HHbiX <}:>yHKUHH B036y}K.U9HHOrO COCTOHHHH. Mo}KHO cne.aOBaTenbHO O}KH,UaTb, 

... 
'ITO B 9TOft 06JJaCTK KHT9HCI!:BHOCTb paCC9HHHOrO CBeTa CHnbHO 38BI!:CI!:T OT BenH'IHHbi h 

npe.anonO}KHM, 'ITO OCHOBHOe COCTOHHI!:e HMeeT CIIHH I = 0 , aoa6y}K,aeHHoe - I = .r 
nycTb IIOnHpHaH OCb COBIIa,aaeT C i , a3HMyTanbHbie yrnbl OTC'II!:TbiB8IOTCH OT HanpaBne-

... 
H~R h , HarrpaBJJ9HKRM na.aaiOIUero II paCCe!IHHOrO CBeTa COOTBeTCTBYIOT yrJJbi ( ()

1 1 ¢ l) 

H (8
2 

1 ¢
2 

) 

}K9HH9M 

Tor.aa, rrpH H = H0 HHTeHcHBHOCTb pacceRHHoro cseTa orrpe.aenHeTc!l Bblpa
~ 

I , 1 + ~I Sin 28 • Sin 2(1 + 2( 1 +Cos
2
81 ·1 +Cos

2
0, + 2Sin () ·Sin ()2 • Cos(;)1 • Cos() 2 • Cos¢ ·Cos¢ ) + 

1 2 2 2 1 l 2 

121 

S. 8 '¢2 s· - t¢1 s· 8 ·1¢2 . s· 1¢ r 
[(Cos_8

2 
+ rn :~e )(Cos8

1
+ znfJze )(Cos(J _rn :~e )(Cos0

1
- rnO,e 'J·--.-+ KOMn.]IJ 

VZ v 2 .,[2 V2 r + 1 ( conp. 

r .ae aenH'IHHa 

( "' v 2 131 

-+ 
pasHa pacwenneHHIO ypoBHe:ii c m =- 1 

l'l.·h 

Ho 

H m = 0 no.a .aeficTBlleM rrorrepeqaoro nonH h 

Ecmr, HarrpHMep, () = (J = ¢ = ¢ = 0 To 113 121 cne.ayeT 
1 2 1 2 J 

2 
r J , I "' ~ (.3 + r 2 + ( 2 

141 

T .e. BKniO'I9HH9 nonepe'IHOrO MarHHTHOrO IIOJJ!I .aefiCTBHT91JbHO Bbi3biBaeT pe3KOe H3MeHeHHe 

. 12-41 
HHT9HCHBHOCTH. B OTJJH'IHe OT HBneHHil:, Olli!:CaHHbiX B , 06Cy)K,aaeMbiH a<}:><}:>eKT ,UOCTHraeT 

cymeCTB9HHO 601lblll9H BenH'IliHbl H IIMeeT MeCTO B .apyroli: o6naCTH yrnoB. BMecTe C T6M, C 

IIpi!:HUHIIHanbHOi!. TO'IKH apeHKH o6a a<}:><}:>eKTa 6JJH3KH ,apyr K .apyry: O.UHH 113 HHX ..aaeT 3aBH-

CHMOCTb HHT9HCI!:BHOCTH pacceHHHOrO CB9Ta OT BenH'IHHbi llpO.UOJJbHOrO MarHHTHOrO IIOn!l, BTO-

poii - OT nonepe'IHoro. 

npe.arronO}KHM_, 'ITO H9KOTOpoe H.UpO CO CIIHHOM I = 3/2 , o6na.aaiOmee KBa.apyrronbHbiM 

pacwerrneHHeM, 3aii01IHpH30B8HO 1!: H8XO.UHTCH IIp9HMYIU9CTB9HHO B COCTOS!HI!:I!: C m "' - 3/2 

BKniO'lHM He6onbll10e nonepe'IHOe none H Ha'IHeM a.aHa6aTH'IeCKH yaenH'IHB8Tb rrpo.aonbHOe 

MarHHTHoe none. Bblllle 6bino noKa3aHo, 'ITO npH H "'H
0

. O'l9Hb H93H8'1HTenbHbi9 H3M9H9HHH 

-
sr=-

H npHBO.U$1T K H3MeHeHHIO m oT -3/2 .ao + ~ YfHbiMH cnOBaMH, B03HHK89T B03MO)KHOCTb 

O.UHOB09M9HHOH nepeiiOJJHpH38UHH BC9X H.aep MOHOKpHCTannH'l9CKOrO o6pa3U8. EcnH B3rn!IHYTb 

Ha ,aeJJO C ,apyroi!. CTOpOHbl, TO MO}KHO TSK}Ke CKaaaTb, 'ITO Mbl HM99M .aeno C H9KOTOpbiM 

TpHrepOM, KOTOpbll MO)K9T IIpHHHMaTb TOnbKO .UBa .UHCKp9THbiX COCTO!IHHH I m = - 3/2 II 

m = + ~ I. B npoMe}KyTO'IHOit o6nacTH MarHHTHbiil: MOMeHT yaena'laaaeTcH c pocToM H 
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.lliiH .llpyroro COCTOHHHH nonsrpH38UHH C HCXOD:Hb!M 3H8'leHHeM m = + V2 HMeeT MeCTO OopaTH8SI 

aaBHCH~OCTb. AHanorH'IHbie srsneHHH .llOII>KHbi ObiTb H npH QJHKCHposaHHOM H "' H
0 

, ecnH 

• npaKTH'leCKH 9TOrO Heiib3H C.lleii8Tb C H.llp8MH, HO 

MO>KHO C.lleiiaTb C 8TOM8MH, noMeWeHHbiMH B 9IIeKTpHqecxoe none. M bl CT8IIKHBaeMCH 3.lleCb 
... 

C HHTepeCHbiM cnyqaeM, _KOI'.ll8 MarHHTHblft MOMeHT CHCTeMbl 38BHCHT OT seiiH'IHHbl E 

CneayeT CHOBa noaqepKHYTb, 'ITO see nepeqHcneHHbie oco6eHHOCTH cssraaHbr c yaxoli 

o6nacTb!O s6nH3H H = H
0 

, wHpHHa KOTopoA onpeaensreTcsr oqeHb MaiibiM nonepe'IHbiM 

noneM. Ero MO>KHO C'IHT8Tb ynpaBIIH!OWHM noneM, nOCKOIIbKY .llS>Ke HeoOIIbLUHe H3MeHeHHH h 

peaxo cxa3b!B8!0TCH Ha csolicTBax ynpasnsreMoA cHcTeMbi. B yxaaaHHoi!: o6nacTH ilaMeHSIJOTCH 

H M8I'HHTHbie CBOftCTB8 Terra, H8XO.llSIWerOCH B TeniiOBOM paBHOBeCHH, 3TOT BOnpoc 38CIIY>KH

B8eT cneiJH81IbHOro paCCMOTpeHHH. 3aeCb Mbl OTMeTHM TOIIbKO, 'ITO, HanpHM~p, npH CIIHHe 

1 = 1 H .ll nH H "' H0 MSI'HHTHbli!: MOMeHT e.llHHHI!bi Oo'beMa paCTeT C noneM B.llBOe Mea-

neHHeli, qeM o6bi'IH01 H 'ITO xapaxTep ·cBH3H Me>Kay 9THMH senH'IHHaMH aaBHCHT Tax>Ke OT 

Hanpg>KeHHOCTH 9IIeKTpH'leCKOrO nonsr. 

Bb!w e M bl paccMaTpHBanu srsneHHH npu aaHa6aTH'lecxoM H3MeHeHHH nonsr. nony'leHHbre 

peaynbTSTbi cnpaseanHBbi, ecnH speMH , B Te'leHHe KOTOpOrO npoHCXO.llHT CyLUeCTBeH-

HOe H3MeHeHHe sellH'IHHbi nOIIH, .llOCTSTO'IHO BeiiHKO. KoiiH'leCTBeHHO Tpe6yeTCH, 'ITOObl Heonpe-

aeneHHOCTb 9HeprHH CHCTeM bl h /r 6bma O'leHb Mana no cpasHeHHJO c HaHM_eHbLUHM paccTosr-

HHeM Me>K.llY paccMaTpHsaeMbiMH yposHHMH. B npoTHBHOM cnyqae soaMo>KHbi nepexoubi Me>K

uy paanH'IHbiMH seTssrMH pRe. 2 H 3. Hu>Ke Mbr paccMOTpHM unsr npocTOTbi TOilbKO nneaenb-

Hblft cnyqaft, KOr.lla none H3MeHHeTCH MrHOBeHHO OT .llO , npeunonaraH,. 

.=A--
H > H 

t 0 

-
'ITO H t H H

2 
UOCT8TO'IHO uaneKH OT H

0 
, T.e. HSXOUHTCH BHe 8HOM81IbHOH OOJ18CTH, 

npeunOIIO>KHM, 'ITO nepBCH8'181IbHO CHCTeMa H8XOUHII8Cb B COCTOHHHH C onpeueneHHb!M 

3H8'leHHeM m , CKS>KeM, - C m =- 3/2 • llnH Bbl'IHCJleH-HH sepOHTHOCTH nepexoua ']' 

Hy>KHO, KSK H3BeCTHO, p83JlO>KHTb CTapyiO BOnHOBYIO QJYHKIIHIO no HOBbiM. 8 Jl8HHOM cnyqae 

HOBble BOJlHOBbie QJYHKIIHH CHOBa COOTBeTCTBYIOT COCTOHHHHM C m = -3/.? T.e. 

pa3JlO>KeHHe 6y ueT couep>KaT~ OUHH TOIIbKO 'IJleH C m = -3/2 

']' = 1 

, l-1HbiMH CIIOBSMH, BenH

nepeA.lleT C sepxHe~ BeTBH 'IHHa m H3MeHJITCSI, a CRCTeMa C BepOSITHOCTbiO 

pHC. 3 Ha HH>KHIOIO. 3TOT peaynbTaT HMeeT, KOHe'IHO, o6wee 3Ha'leHHe: npH .llOCTaTO'IHO Ob!CT-

pOM H3MeHeHHH MSI'HHTHOI'O nOIIH seiiH'IHHa m He H3MeHsreTCSI, T.e. H8IIH'IHe ManoA none-:-

pe'IHOH COCT8BIIHIOWeH He OKa3biBaeT HHKaKOrO BIIHHHHH Ha noseueHHe CHCTeM bl, 

E::::nH paCCMOTpe~IHe OTHt"cHTCH K B03oy>K.lleHHOMY COCTORHHIO, TO no caMOMy CMbiCIIy 

aaua'IH none uon>KHO R3MeHSITbCSI MHoro ObiCTpeil: speMeHH >KH3HH. OTcJOua cpaay ::::neuyeT, 

'ITO nonepeqHaH COCT8BIISIIOWaH h HrpaeT CyWeCTBeHHy'IO pOIIb TOIIbKO TOI'Jl8, KOI'Jl8 MHHH-

M81IbHOe COIIH>KeHHe Me>Kuy ypOBHSIMH 0 BeiiHKO no Cp8BHeHMIO C HX ecTeCTBeHHOi!: lUHpM-

HOI r • TaKHM o6pa310M, Mbl C upyroft TO'IKH 3peHMSl CHOBa npHXO.llHM K YCIIOBHIO, BBeueH-

HOMY paHee B CBS13H C aHaiiH30M OCOoeHHOCTeft pe30HaHCHOro pacceSIHHH cseTa, noMHMO ec

TeCTBeHHOft WHpHHbl cneayeT TaK>Ke Y'IHTbiB8Tb M HeKOTOpbie THnbl yuapHbiX ywMpeH!iH, HanpH

Mep, ywHpeHHH, csllaaHHbie c ObiCTpbiM xaoTH'leCKHM H3MeHeHHeM noneii, ueil:cTsy!OWHX Ha 

CHCTeMy BHyTpH MaKpOCKOIIH'leCKOft cpe.llbl. llnH OCHOBHbiX COCTOSIHHH RMeHHO 9TR ywapeHHS'I 

SIBIISIIOTCSI onpeuenHIOIUHMH. C .llpyroi!: CTOpOHbl, uonnnepOBCK8SI lUHpHHa HHK8K 9e BIIRSieT Ha 

paccMaTpHsaeM ble HsneHHSI, nocKOIIbKY see ypOBHH cMewa!OTCSI aa c'leT gQ:lQ:lexTa Donnnepa >. 

OJlHHaKOBO, 
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Paanaqne a noseJJeHHH cHc_TeMbi np11 6biCTpOM 11 MeJJneHHOM naMeHeHHH MarHHTHoro no

nA MOrKHO HC!l0,11b30B8Tb JJIISI nony'leHHSI o6pa3UOB C lfHBepTIIJ1lOB8HHOH aaceneHHOCTbiO ypos--: 

Heif. nycTb, H8!Ipll:<.1ep, 38 C'leT KBBJJpynOnbHOI"O 11.'111 WTlq)KOBCKO!"O pacwenneHUSI IpOBeHb 

c m~-3,·2 o6naJJaeT 6onbwei1 aHeprlleii, 'le!'.l yposeHb c m oo + 12 • Tor -"1 a nnu Te nno-

BOM paBHOB8CIIH erO 3aceneHHOCTb COOTB8TCT~8HHO M8HbWe. AJllf86BTif'I8CKOe YB8.TIIf'l8HHe 

!IOO.:t0.1bHOI"O !'.18!"HHTHO!"O !l0.1SI, !Ipll H8m1'lHH He60nbl!l0!"0 !IO!Iepeqaoro, llPIIBe.:teT, B COOT BeT-

CTB!ili C pHC. 3, K 3·8MeHe n. o·-.5·2 Ha n. ~ ~ 1i , T.e. Meaee aaceneHHhiM cTaHeT ypo-

BeHb C Q, = - 12 • . 3JJ8Cb ewe H8T lfHB8pTHpOB8Hii II, T8K KBK B HOB hi X YCilOBHSIX ,Vrl0B8Hb C 

m = + 'i o6na.:taeT 6onbwei1 auepriieil. O.::rHaKo 6hiCTpoe BhiK.1IO'IeHne npo.::tonbiwro no.1SI B~I""' 

3biBaeT nepexo::rhi c O.:tHofi seTBH pnc. 3 ua JJpyryiO, B peaynbTaTe ·qero aueprHSI ypoBHSI c 

m ~ + • 2 y:<.I8HbW88TCSI, 8 B8Jli!'IHH8 m li 38C8Jl8HHOCTb He H3M8HSIIOTCSI; 8H8Jl0!"fi'IHO 

~ 
ae.:teT ce6SI n ypoBeHb c m ~ -3/2. B HT.ore M hi !IOJIY'IHM TepMOJJHHaMH'IecKii uepasuosecHyiO 

COBOKy!IHOCTb Cl!CT8M, B KOTOpblX ypOB8Hb C !'.18Hblli8H 3HeprHefi aaceneH M8HbWe, 'I8M ypo-

seHb c 6onbw n:-.1 aua'IeHiieM auepr 1111. 4 TO KacaeTcSI nonepequoro no .'lSI 

H oaHbW e, nrpaeT a aTo:o.I npouecce ponb ynpasnSJIOWero Q:>aKTopa. 

-~ . 
•I TO OHO, K8K 

AsTOpbl paJJbl no6naro.:~.apl1Tb c. repu..Teiiua, .H. l'paHOBCKO!"O If n. KecTxelllf 

e ... !\.esztheJvj) 38 liHTepeCHh!e 06Cy)!(JJeHl1fl. 
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