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BBe}::\eHHe 

B CTaJ3WeH xnaCCH'leCKOII pa6oTe Xan:nepHa II XonhlllTeiiHa_[l] "iio npo­

XOiKµ;emno HeHTpoHoB 'Iepe:J ¢eppoMa_rHeTnKn 6hma npeµ;no}KeHa nTepq.~ 

QUOHHruI cxeMa, no:JBOnHIO~ruI HaXC;>AIITh KOHC'IHhlII BeKTOp nonHpm:iauun. 

no Ha'laJihHOMY npu npoxoiKµ;eHHH '!epe3 npon:JBOJihHO :Jaµ;aHHYIO ·xoH<pll­

rypauuro MarHHTHOI'O noJIH. 8Ta IITepaunoHHall CXCMa JieiKHT B OCHOBe o6-

pa60TKU µ;aHHhIX no npoxoiKµ;emno HCIITpoHoB 'Iepcn pa311U'IHhie HeKonnu­

HeapHhle MarHii:THhie KoH¢nrypauuu u ceroµ;HH. 

Bo:JMo)KeH nu 6onee o6~m'i: B:Jr1111µ; Ha :3TOT Bonpoc? Cy~eCTBYIOT nu 

aaKOHOMepHOCTH noBeµ;eHHH BeKTopa no1111p1mauuu, KOTOphie Tpyµ;Ho ycMO­

TpeTh, ocTaBruICh B paMxax noµ;xoµ;a XanncpHa-XonhlllTenHa? IlmtcK oT-
\ ; 

BeTOB Ha 0TH BOilpOChl npuBoµ;uT K Heo6xoµ;IIMOCTH µ;eTaJihHOI'O .aHamma· 

µ;py;oH H_e MeHee aHaMeHUTOH pa6oThl. 

B .1984 roµ;y M. Beppu ony6JinKoBan B "Proceedings of Royal Society" 

, pa6oTy (2] noµ; Ha:JBaHHeM "Quanta! phase factors accompaying adiabatic 

changes". llcTopIDI HBnemu1, o6CyiKµ;aeMoro B aToii: pa6oTe, Bocxoµ;nT K 

MruITHHKy.<l>yxo H OilhITaM CatthHKa C Bpa~aIO~HMC.11 HHTep¢epoMeTpoM .. 

Iloaµ;Hee, B pa6oTax PhIToBa, Bnaµ;nMupcxoro u'IlaH'lapaTHaMa (3] no 

OilTllKe CBeTOBoµ;oB; o6naµ;aro~ux aHU30TponneH IlOKa:JaTe'iI.11 npenoMne~ 

HUH, fihl110 Oa.Me'leHO H npoaHaJIU3HpoBaHO BJIHHHUe reo~e-i-pnn CBeTOBoµ;a 

Ha peaynhTaThl non.11pu:JaQUOHHhIX axcnepnMeHTOB. 0µ;11axo HMeHHO B :3TOH 

pa6~T_e Beppii, B·p~MKax KBaHTOBOHMexaHHKII, 6i:mo B IlOJIHOH Mep~ OC03-

HaHo TO o6cTOHTe11hCTBO, 'ITO noBeµ;eane CHCTeMhl C :JaBHC.ll~UMU OT Bpe~ 

MeHU (Hllll xoopµ;uH~T) nap~eTpaMH Ka'leCTBeHHO OT11H~aeTCJI OT Il~H~eµ;e­

HH.11 CHCTeM, µ;nH KOTOphIX a:ru napaMeTphI. q>HKCUpc>BaHhl. Beppu. noxa:Jan, 

'ITO B npeµ;ene aµ;na6aTH'IeCKOI'O U:JMeHcmrn napaMeTpOB · CUCTeMhl o6~ec 

uaMeHeHne <pa:Jhl BonHoBon ¢yaxuuu KBaHToBo-MexaHwICcxoii cucTe.MhI no­

cne B03Bpa~eHHll x H~'Ia.JihHhIM aHa:1eHH.11M napaMeTpoB oTnn'!aeTc.11 OT µ;u­
Ha.MH'lecxoii. Bo:JHHKaIO~ruI paoHOCTh <pa:J Mo)KeT 6hITh CBH:JaHa IlpOCThIM 

cooTHoweHHeM c -renecHhIM yrnoM, 0•1ep'InBaeMhIM :Ja BpeMH uuKnn'!eCKoi't 

0BOnIOQHH BeKTop-napaMc;pOM R(t) CUCTeMhl (B cnriae HeHTpO~OB - BeK­

TOpOM Hanp.IDKeHHOCTH MarHHTHoro nonH H(t)). 3aa'!eH11e 0TOH <pa:JhI ac 

aaBUCHT B npeµ;ene i>T µ;nnTenh~OCTH pacc?vtaTpHBaeMOII UUK11H'leCKOII :3BO- . 

11IOQHU H MO)KeT. npIIBO)l.UTh K :3KCneplIMCHTa11h~O. Ha61110µ;aeMhlM acp¢eK-

. ' . ' 
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TaM. IlpqU1eµ;U1ue nocne :3TOH :JHaMeHaTenhHOH pa6oThl µ;eC.11Th ,neT 6hlnH . .. . .. · : , . ..a· - .'. r ' ; • 

OTMe'!eHhl MHOI'O'IHCneHHhIMII axcnepnMeHTaJJ:hHhIM_ll;_II, TeopeTII'leCKII~H 

pa6oTaMII,, nocBH~eHH~MII pa3nII'IHhIM npoHBneHH.IIM T._. H, reoMeTp_II:'le­

CKO~,-ImII Tononoru'!ecKoii <pa:Jhl [4,,5]. AapQHOB 11; AHaHµ;aH, ;a;oKaq8;11I, 

'ITO reoMe'IJJ,~~eCKrul q>a:Ja B03HUKa~;r, u. B cny,'lae Hea;a;ua6aTU_'lt!CKpii_ :3~0-

nipunn (6t Bonee Toro, :3TII paccyiKµ;eHH.11 MOI'YT 6h!Th o6opll\eHhl TaKiKe 

~a cny'laHH~~IIKnII'IHOH, HeyHnTapHoii II Hea6eneBoii :3B011IOQIIH [7]. 
Coo~BeTCTBYIO~nii ·. i:i,Hanm:~ xnaccn'!ecxnx .cncTeM_ 6h!n npoBeµ;eH 

XaHHII (8]: B ,Mex~II'le~KII'.1( cIIcTeMax c,II:JMeipIIO~IIMIIClI BO, Bpe¥eHII na-

., ,Pa¥eTpaMII Ha61uqµ;aeTC.II µ;cmonH!fTe11hHOe, yrJIOBQe .·cMe~eHIIe, -, T ·;11• yr_OIT 

XaHHII •. C TO'IKH 3pemrn K1Il),CCII'1eCKOH MexaHIIKII, npn:'1IIHa :3TC>I'O B. TOM, 

'ITO Hap.11;a;y ,c, 8:1J;Ha6aTH'leCKIIM IIHBapnaaTOl1 µ;enCTl;}IIH _cy~e~TBye;r,,He- · 

IIHBapnaHT_HrurnepeMeHHruI - yron. ·BnocneµcTBIIII Beppu n,oKanan [Q], 'ITO 

BBeµ;eHH~ ,n,14 µ;~m9nHIITeJIJ:,~rur ¢ooa BOJIHOBOH <f>YHKUIIII :II yron. XaHHII: B 

KB~IIKJia_cc;II,eCKOM npIIQJIII)KeHIIII COBna;a;aroT. J '· .. ' i,:: " ..• -"' 

,IJ:BII,KeHne HeiiTpoHa B MarHIITHOM none, conpoBoiK;a;aromeec.11 cooTI~eT­

CTByro~eii :) B .o n IO u II e lI cnnHa, npe;a;cTaBnJieT o;a;Hy 113 Han6oiiee 

y;a;o6Hh!X µ;nH Ha6iiro;a;eHIIH a<J>¢exToB reoMeTpn'Iecxoii <pa:Jhl <J>imn'leCKHX 

CHTyaQIIH. 8Ta na;a;a'la npnMe'laTeJihHa II C ;reopeTII'leCKOII, :TO'IKU 3pe­

HII.II, T.K. COOTBe'rCTBYIO~ee ypaBHeHne illpe;a;nHrepa T0'1HO pemaeTC.11 B 

Ba,KHOM '!aCTHOM cny'lae npeueccnpyro~ero MarHIITHoro non.11 [10]. He-

: o6xoµ;IIMO noµ;'IepKHJTh, -'ITO B KOHTeKCTe reoMeTpniteCKOH <pa:Jhl' no;a; :3BO­

JIIOQIIeH-MhI 6y;a;eM no;a;pa:JyMeBaTh noBeµ;eHIIe'·HenTpoHHOro cn:trna-npiI•Ha­

JIII'IIIII H e H B H O lI ( 'Iepen napaMeTphl) 3aBIICIIMOCTII raMII1IhTOHllaHa:oT. 

BpeMeHII. Peann:JOBaTh Taxyro :JaBI;cHMOCTh MOiKHO, HanpIIMep, BO BpeMH­

nponeTHhIX aKcnepIIMeHTaX npII 'HaJIII'IIIII HeK011JIIIHeapHhIX. ( reJIIIKOIIµ;an:1,­

HhIX) MarHIITHhIX nonen. BMecTo npocToii KapTIIHhl o6hl'IHO paccMaTpIIBa-

. e;.;;hIX COCTO.IIHIIH C ~OJIO)KIITeJihHOH :ii 'oTpnuaT'~nhHOH_~p~~~Taune'ii ,cnIIHa 
. ' ' - • ' . ' ' ,.- - '. . , ~ ! < - ' • ~ ' ' ' • J,' ,. -;, ' • 

B o;a;Hopoµ;HOM n cTaQIIOHapHOM MarHHTHOM none B cny'lae aBonrou:iiii Mhl 

IIMeeM ;a;eno C noBeµ;eHIIeM, Ka'!eCT~eHHO_OTJIII'IHhIM no cnO,KHOCTII. 

8xcnepnMeHThl BnTTepa, ,IJ:y66epca [11), PII'Iapµ;coHa (12) npo;a;eMoH­

. CTpHpOBaJJ:ll npIIHUIIIlliaJlhHYIO.' BOQMO)KHOCTb II:JMepeHIIH 1;eoMeTpmiecxnx 

q>a:J B. HenTpOHHoi1 onTIIKe. ·B 0xcnepnMeHTax BenH<J>ypTepa,:u,Ba;a;yp,exa 

, (13], Ha6nro;a;annch. cneun<J>n'Ie,cxne, o6ycnoBJieHHhle. HaJIII;<IHeM· reoMeTpn'Ie-

. , <;Kqffe_, <J>a3hl,. ,a<J><J>eKThl: noµ;aBJieHIIe .. Moµ;yJIHIIIIH B I:tOMepeHHJiXi:K?MnoHeHT 

, , BeK';J,'Opa;,nom1p1maQIIII II· J,[IIHeHHOe: CMemem1e: 'II:JM~plleMhIX :ene.KTpOB •no 
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napaMeTpy, xapaxTepHOyiorqeMy HeQHKJIH':IHOCTh aBom<>:QHH. BMecTe c TeM 

aHaJIHO :speM.lmpoJieTHoro axcnepHMeHTa [14] noxa.1an, 'IT<> Moµ;eJih npe:Qec­

cupyio~ero IlOJIJI li~OCTaTO':IHa ;D;JIJI OIIHCaHIDI acpcpeKTOB reoMeTpH':leCKOH 

cl>a.Jhl B, CJIY'lae npoHDBOJihHhIX ( CJIO)KHhIX) KOH«pHrypa:Qiill MarHHTHOro nomI 

H Heo6xo;a;:nMa pa.1pa60TKa 6onee o6rqero MeTo;a;a Bhl':IHCJiemrn <f>a.JbI. 

B aToH pa6oTe, Mhl orpaHH':IHMCJJ paccMoTpeHHeM a<f><f>exToB, CBHDaH­

~ C 0BOJIIO:QHCH B M a K p O n O JI' JI x, xor;a;acnHH ;D;BH:iKeTCJI B ,Ma- . 

rllHTllOM none :SHewHero Maxpocxonu':lecxoro HCTO':IHHKa imu B Hexo·TopoM 

ycpe;a;HeHHOM llOJI~ npu p;BH)KeHHH B xoHp;eH<;HpoBaHHoii cpeµ;e. 8Bon10:QHH B · 

M H K p O ti ~ JI~ X ( HanpHMep, MarHHTHOe none, coo;a;aBaeM~e aneKTpOHHOII 

~~ono':IK9H, aTOMa), KOTOphle 'caMH Mory~ H:JM~H.HThCH B naBJICl!MOCTH OT 

xapaxTep.a ;D;BH~eHHll Heii:TpOHa, oacny:iKHBaeT oT;a;eJibHoro paccMOTpeHHH. 

0TMeTHM o;a;ech TOJihKO, 'qTO reoMeTpH':leCKM q>a.Ja c Hco6xo;a;HMOCThIO 

BOOl!~KaeT npu aHaJIHOe IJ;CJIOro pH;a;a ':IHCTO KBaHTOBhIX HBJiem1f1: a<f><f>exTa . 

JIHa:-Tennep~, KBaHTOBOI,'0 aq>q>eKTa Xonna, acI><f>eKTa AapOHOBa -BoMa H 

µ;pyrHx. 

i, 

1. (J>,clQ~· :ij~p,p~ -

. B 'l'eopH~ BOOMyaj~HH~ npe;a;noriaraeTCJJ, 'ITO raM1mbTOHitaH KBaHToBoii 

cuc-i:eMhI; MO)Ke'l'.,. 6b1Th' npe~cTaBneH. xax cyMMa HCKOToporo Hl~BO:JMy~eH-
; I ( • ,' \ • ... -•• ,\ ·,. '\ A ' ' 

Ho.ro r.a,Mun~TOHHaii~ Ho, 11· BOoMy~eHHH V: •.· · · · · 

i1. = ifo + v. 
H:a_B;aJl Oa.B,HCHMO.~T»,raMHJihTOHHaHa OT BpeMCHll OOhl'U!O ("llll:JblBaeTCJI· 

. ,' . . ' . ,, ,'. 

C Oa,BHCHMO.CThl() OT,BpeMeH:u BOO~yrqemrn: 

v = V(t). 

Bo.BJ>,CMHilpOJICTHhI_X 0KCnepl1MeHTaX Mhl,HMeCM )];CJIO c )lmrn;('HIWM Hens 
' . 

TPOHa,, ':ICP,e.J., MarH~THOe none; HanpH:lKeHHOCTb KOToporo M()jKCT ·unMe­

HHThs:JI; OT-o;a;uoii;TO':IKlI.t TpaeKTOPHll' K ;a;pyroii, KaK no B('JIU'IUHI',' Tax l1 

no, HanpaBnCHHIO, 8To 1.06cTOHTeJihCTBO He oTpa;n:aeTCll 1 Ha xapaxTepe 

nOKaJihHoro: B:38.HMOp;CH_C~BHJlf ( Cill1Ha• HeHTpOHa· C Mai'HIITHhIM · IlOJICM ), · HO 
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npHBO;D;IIT K HeHBHOH, ':lepeo KOMilOHCHThl HanpH::iKCHHOCTH MarHHTHOro 

noJIH( BeKTOp-napaMeTpa R( t) ), DaBIICIIMOCTli raMHJibTOHnaHa OT BpeMeHn: 

iI(R(t)) = iio(R(t)). 

Kax OilllCbIBaTb noiieµ;eHHC HeiiTp~Ha B 0TOM cJiy':lae? lfTO',HDBCCTHO 

Boo6rqe O CHCTeMax C HCHBHOII ::mBHC~MO,CTbIO OT BpeMe~n? 

II~ a;a;na6aTH':lecxoii runoTenLI. 8peH<f>e~Ta (15] cneµ;ye;, 'ITO _TaKM 

KBaHTOBaJl CHCTCM8. IlOCJIC :Q JI K JI H ':I e CK O II :3BOnIO:QHH BCKTOp-napaMeTjia 
' > ,, • • ' • ,_ ' • • • ' .:. '., 

He ;a;on::iKHa OTJIII':laThCH OT CIICTeMhl B, Ha':laJibHOM COCTOHHHH npll c~6.nro;a;e-

HHH ycJioBHH a;a;na6aTH':IHOCTII aBoJIIO:QIIII •. B ':ICM :QeHHOCT~ pa6oThI Beppu? 

, QH yKa.JaJI_ Ha TO, 'ITO :3TO'.He ~OBCe'~ T,aKj B. ?.6~eM CJiy':lae, B~JrnOBM q>yH­

K:QIIH ,CIICTeMhI npll :QHKJill':ICCKOM H:JMCHeHHH napaMeTpOB npno6peTaeT 

;a;onoJIHIITeJibHblll HeTpl1BHaJI~HhIII q>a.J~~hlii MHO~l1Te~h. ,I(eiicTBHTeJihHO, 
·• •· ., - , I. .·, ·; 

;D;JIH JI106oii: KBaH•roBOll CIICTCMhI, B ':laCTHOC'I'H, c oaBHCHll\HMH OT BpeM~Hl1 

napaMeTpaMn, <f>opMaJibHO l1MeeT MeCTO nap;a':la Ha co6CTBeHHble nHa':le­

HHH raMHJihTOHl1aHa - ClICTCMa, no KpallHCll Mepe, JIOKaJihHO BO BpeMeHH 

O~l1Cbl~ae
0

TCH "CTa:QHOH~pHhIM''. ypaBHCHHC~ illpeµ;nHrepa' 

iI(R(t))t/Jn(q, R(t)) = En(R(t))t/Jn(q, R(t)):·' ' 

Ilpn aToM nonHaJI BOJIHOBM <f>YHK:QIIH 

' ' ,_ , _ -j.JEn(r)dr 

'11n(q,R(t),t) = i/Jn(q,R(t))e 0 

µ;oJI::iKHa y;a;oBJICTBOpllTb BpCMCHHOMY ypaBHCHlI~ illpep;HHrepa: 

in4'n = H\Jln. 

B penyJihTaTe Ha ypoBHC MaTpH':IHblX aJieMeHTOB Mbl np11xo;a;~M K T. H. 

ycJIOBIIIO n a p a. JI JI e JI. h .H o r o n e p e H o c a : 

( 
- .. a -· ) 1Pn(q,R(t)),f)tt/Jn(q,R(t)) = 0. 

Yµ;oBJICTBOplITh 0TOMY _yCJIOBHIO MO:lKHO TOJihKO BOCllOJih:JOBaBllllICh TCM 06-

CTOHTeJihCTBOM, 'ITO <f>a.1a :soJIHOBoii cpyHxriu11 erqe npo110Bom,Ha. 3aMeHHB 

1Pn -+ i[;,.ei-rn, HMCCM 
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in(c! tPn(q,.ii.(t))ei-rn + i{! ,n)tPnei...,n) = o, 
II11II 

a ·(- - a - - ) at'Yn=i tfan(q,R(t)),
8

ttfan(q,R(t)). 

Onpeµ;e11eHHaJI TaKIIM o6panoM 'Yn II eCTb r e O M e T p II 'I e C K a .II 

q>ana, II11II <I> a a a B e, p p II. 

Oµ;Haxo )];11.!I npom:3B01IE,HOli naBIICIIMOCTiI napaMeTp'OB OT BpeMeHII ue-

0IlO'IKa BBep;eHHbIX Bi.iwe "cTaQIIOHapHhlx" ypaBHCHIIH illpeµ;II~repa He 

p a 3 p e ill II M a; Ilo0TOMY peanbHOe OilIICaHIIe TaKIIX CIICTCM CB.II:JaHo C 

HeKoTopbIMII µ;ono11HIITe11bHbIMII npeµ;no110,KeHwiMII o xapa1faepe IIOMeHe-
, . 'f' 

HII.II napaMeTpOB, µ;aIO~II~rn, HanpIIMep, BO:JMO,KHOCTb npIIMCH.IITb MCTO)];bl 

HCCTaUHOHapHOH TeopIIII BO:JMy~eHIIH. Ba)KHbIM qacTHbIM c11y'IaCM .IIB11.II­

eTCJI T .H. • a µ; II a 6 a T II 'I e c K o e BooMy~eHIIe, xorµ;a B Te'IeHIIe 0Bo1110uIIII 

CIICTeMa OCTaeTC.II B COCTO.IIHIIH C q>IIKCIIpOBaHHbIM KBaHTOBbIM 'IHC110M n 
' ( CM. HII,KC ). ,, 

lfo pa60Tbl BeppII c11e~yeT, 'ITO BOp:HOBYIO <pyHKUIIIO 0B011IOUIIOHIIpy­

IO~eii KBaHTOBcni''~IICTCMbl c· Y'!CTOM BO:JMO)KHbIX. reoMCTpII'ICCKIIX q>a:J 
. . 

Heo6xoµ;IIMo narmcbIBaTb.B cneµ;yro~eM, HaII6011ee o6~eM BIIp;e: . : . . . . 

W(q, R(t), t) = L, Cn(R(t), t)t/Jn(q,R(t)) = L, i"nCn(R(O), O)t/Jn(q, R(t)), 
n n 

rµ;e tfan(q, R(t)) - co6cTBCHHble COCTO.II!3'.H.II raMII11bTOHIIaHa H(R(t)) II 
(1) 

ta • · . R(t) 

J On J - -
On = Br dr + · · 'v RondR. 

0 .R(O) 

3TII Be11II'IIIHbl - panHOCTII q>an xoaq>q>IIUIICHTOB pan110,KeHII.1I B Ha'-IanbHbIII 

II npoll:3B011bHbIH MOMCHTbl ·BpeMeHII, · T. H. n o 11 H a .II <I> a n a , II11II <I> a­

n a I! ·a 1i 'I a p a T H a M a, - onpeµ;e11.IIIOT xapaKTep 0B011IOUIIII CIICTCMbl. 

IlepBbIH IIHTerpan B axcnoHeHTe n~eµ;cTaB11.1IeT co6oii :JHaKoMyro µ; II -
H a M II 'I e c K y 10 q>any B011HOBoii q>yHKUIIII: 

ta i t 
f3n= j a:ndr=-ri! En(r)dr. {2) 

0 0 
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Oµ;HaKO HII)KC Hae 6yµ;eT HHTepecoBaTb B OCHOBHOM BTOpoii (KpIIB011HHCll­

Hblll) HHTerpan: 

.R(I) 

'Yn = f ~ RondR. 
/ R(O) 

Ila cyTII, IIMCHHO 0Ta BC1111'IUHa 6bl11a BBeµ;eHa B [2]. 

(3) 

B ue110M Bo11H0Baa q>yHKUU.II c11cTei:i:bl, raM1111bT0HimH'KoTopo1i 'He.lIBHo 

naBIICllT OT BpeMeHU, H:JMeH.IIeTC.II He T011bKO BO BpeMeHU, HO H B na­

paMeTpH'ICCKOM npocTpaHCTBe. Ilpu aToM, B np1muune, ec11u aTo npo-, 

CTpaHCTBO llMeeT. reoMeTpll'-ICCKUe oco6eHHOCTH { KpllBH:JHY, Kpy'IeHHe, no-

1110Cbl, He .IIB11.IICTCJI O)];HOCB.II:JHbIM), TO noc11eµ;HJ1e MoryT B11HJITb Ha noBe­

µ;eaue cncTeMbl: B Tex c11y'IaJIX, xorµ;a aTo uMeeT MecTo, · roBop.lIT, 'ITO 

cncTeMa 0611aµ;a:eT (HeTpHBHa1IhHoi'1) r o 11 o H o M n e ii. B 'IacTHo~ 

CTH, ec11H npeµ;no110)Kl1Th, 'ITO 0B011IOUH.II CHCTCMbl npoHCXO)];HT B Il011JIX, 

H3MCH.IIIO~HXC.II T011bKO, no HanpaB11CHHIO, . TO paccMoTpeHHe BO:JMO)h'.HbIX 

0B011IOQHH CHCTCMbl CBO)];HTCJI K. aaan11ny C~OHCTBa ,1:0110HOMHOCTU ,COOT­

BCTCTBYIO~HX_ TpaeKTO})Hll, O'-Iep'-IHBaeMbIX BeKTop-napaMeTpOM R(t) Ha 

eµ;HHll'-IHOli cq>epe BO:JMO)KHbIX HanpaB11CHHII BeKTOpHoii Be1111'111Hbl - C q> e-

p e II y a H K a p e. . 
Iloµ;cTaBHM pan110,KeHue ( 1) B · ypaBHeHne · ill peµ;11arepa' ( npeµ;no11ara­

eTc.1I, 'ITO cneKTp En(t) He Bblpo,Kp;eH): 

I 

· i-ym-1; f Em(T)dr{ • · ·'' • i ' } 
in L, Cme O . tfam + itfam1m - r,,tfamEm = 

m 

I 

= H(R(t}}'°' C .I, i-rm-i f Em(r)dr 
L-, m 'f'tne 0 '. 
m 

1111H 
I 

i-ym-f f Em(T)dr{ • • } in L, Cme O "Pm + it/Jm.:Ym = 0. 
m 

0Tcroµ;a, ec1111 BOCil011b30BaTbCJI opToroHanbHOCTblO COCTO.IIHJIII 1/•m' 
TO no11y'IHM c11eµ;y10~10 CHCTeMy ypaBHeHHH )];11JI reoMeTpH'leCKllX q>aa: 
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, ' . t 

. i ihm--Yn)-k J (Em(r)-En(T))dr • 

'Yn = Cn ~ Cme O ('i/Jn, 1Pm) , (4) 

rµ;e Cn = Cn(R(O), 0) f 0. B IIHTepecyro~eM Hae cny'lae 3BOJIIOI:.{lIII CilIIHa 

HCIITpOHa IIHµ;excbI m II n npIIHIIMaIOT µ;Ba t3Ha'leHII.11: + II - . 

Tax KaK OaBIICIIMOCTb OT B.PeMCHII He.llBHM, TO aTa CIICTeMaypaBHCHHII 
MO)KCT 6bITb npeo6panoBaHa x BIIµ;y 

I 

- , · i • ihm-,'Yn),-k J (Em(r)-En(T))dr .. . _ 

'vran ~ Cn ~Cme, . o . ., (t/Jn, 'vA1Pm)- (5) 

BoOHIIKaIO~IIe. cnpaBa BCKTOpHbie IlOJI.11 

, Anm =iCtfn;v ~'Ip~> 
' , '}' ,, , 

npIIH.IITO Ha:JbIBa'.i-1:,· IIOJI.IIMII, II H µ; y I:( II p o B a H bl M II 1Pn( q, R( t)) . 
3aMeTnM; 'ITO npeµ;cT·aBJieHne K03<p<pIII:.{IIeHTOB pa:3JIO)KCHH.11 ( 1). B BHµ;e 

. ' 

• :· e;~"Cn(R(O), 0) 

yc1lO)KHIIJio BIIA _cTa~µ;apTHoii JIIIHeii:aoii: CIICTeMbI ypaBHeHIIII, nonyqaeMoH 

µ;n.11 aBOJIIOI:.{HOHHhIX xoa<p<pIII:.{IIeHTOB B MeToµ;e ,I:{IIpaxa. Oµ;HaKo. npII aHa­

JIIIoe KOHKpeTHOH oaµ;a'!II, MoryT OKa:JaTbC.11 IlOJICOHbIMII KaK CTaHµ;apTHOe 

npeµ;~TaBJICHIIe, TaK II npeµ;cTaBJICHIIe 'Iepeo ipa:JOBbie 3KCilOHCHTbI. 

IIpoaHaJIIIOIIpyeM aµ;IIa6aTII'1ecxy10 3BOJIIOI:.{IIIO. OHa COOTBCTCTByeT 
ycJIOBIIIO 

(1Pn,~m) = 0, n f m. (6) 

Cneµ;oBaTeJibHO, B aµ;IIa6aTII'le_cKoM npeµ;ene ypaBHCHII.11 ( 4) CIIJlbHO 
ynpo~aIOTC.11 II npIIHIIMaIOT BIIµ; 

'Yn = i('ljJn,Jn), (7) 

IIJIII 

v/r~. ;;,'~(t/Jn, V ATP,n) =Ann•· (8) 
IIycTb CIICTCMa COBepwaeT aµ;na6aTII'1ecxy10 3BOJIIOI:.{IIIO Bµ;OJib 0aMKHy­

Toro KOHTypa CB npocTpaHCTBe napaMeTpoB, TO ecTb R(Tc) = R(O), rµ;e 

8 

Tc - oo-BpCM.11 3BOJIIOI:.{IIII. Torµ;a IIDMeHeHIIe ipa:JhI 'Yn oa BpeM.11 Tc 6yp;eT 

onpeµ;eJI.IITbC.11 Bhipa)KeHIIeM 

f - -6."fn - 'Yn = i AnndR. (9) 
C 

Ec1rn KOHTYP il:e coµ;ep)KIIT oco6eHHOCTeH, TO, IIcnoJibOy.11 TeopeMy CToxca, 

MO)KHO oanIICaTb Bbipa)KeHHe µ;JI.II ipa:Jbl B BIIµ;e 

'Yn = J rotAnnds, 
Ee 

(10) 

rµ;e ds - aneMeHT opHeHTIIpOBaHHOll m:>BepXHOCTH Ee, HaT.IIHyTOH Ha KOH­

Typ. C. XapaKTepHOH qepTOH aµ;na6aTII'leCKOH 3BOJIIOI:.{IIH .IIBJI.IICTC.11 To, 'ITO 

lI:3MCHeHIIe ipa:3bl B npol:.{ecce I:.{HKJIWieCKOH 3B0JIIOI:.{HII :iie· OaBIICIIT_ OT Bpe­

MeH_II, oa xoTopoe aTa aBoJIIOI:.{II.11 6bIJia co11epweaa, a onpeµ;en.s:~Tc.11 'HCKJIIO­

'IIITeJibHO r e O M e T p II e ii o6naCTII napaMeTpwi:ecxoro ripoCTJ>MICTBa, 

orpaHII'ICHHOro oaMKHYThIM KOH;ypoM C; B 3TOM npeµ;ene rot.Ann ~ const 
II 

'Yn ~ Ja.s = n, 

rµ;e n - Tent:CHbIH yron, oqep'IIIBaeMhIH BeKTop-napaMeTpoM R. ,nn.s: 

BOJIHOBOH <pYHKI:.{IIII HellTpoHa µ;onoJIHHTeJibHble <pa:JhI µ;n.s: µ;Byx cnIIHOBhIX 

COCTO.IIHIIH( ±) Bbipa)KaIOTC.11 qepeo TeneCHhIH yron,. oqep"IHBae~hIH BeKTO-

poM MarHIITHoro mirr.11 H, cneµ;yrow,IIM o6panoM [2]: . 

miII 

1 . 
'Y± = -r-n 

'2 ' 

1 · 1 
'Y+ = 2( 471' ~ n), 7_ = 2n. 

(11) 

(12) 

lioMeHeHIIe HanpaBJICHII.11 o6xoµ;a KOHTypa COOTBCTCTByeT nepexoµ;y OT 

BHyTpeHHero TenecHoro yrna K BHeWHeMy, µ;ononH.1110~eMy µ;o 471': 

'Yn - 1'n ~ 471' - n. 
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1!: 

·. lITax;·nocmip;oBaTenbHhlH a.Hamm aµ;na6aTI1":IecKoro npep;ena npnBop;nT 

K Ka"leCTBeHHO OTllll"IHOH KapTUHe IJ;IlKllll"leCKOH 0BOllIOIJ;Illlj CllCTeMa B03-

Bpar.u;aeTCJI B COCTOJIHne, OTllll"laIOr.u;eecJI OT Ha"lanbHoro COOTBeTCTBYJO­

. r.u;e:ii reoMeTpII"leCKOH cpa::rnn; 

B HeHTpOHHo-onTH"leCKHX ::Jaµ;a"lax Mhl nMeeM µ;eJio B OCHOBHOM C 

µ;ByMJI BeKTOpHhlMil BeJIII"lllHaMU: Ha"iipJI:lKeHHOCTblO MarHUTHOro noJIJI ii 
II npeu;eccnpy10r.u;nM BOKpyr Hero BeKTOpOM nomiplmaIJ;Hll p =<a> . 

. -.,k \ --

a) B) 

Puc. 1. Xap/l¥TepHoe noBeµ;eHne BeKTopa noJIJipll3au;1m, npuBoµ;Jir.u;ee, 

K B03HHKHOBeHIIlO reoMeTpII"leCKHX <pa::J Ha ypOBHe.BOJIHOBhlX cpyHKIJ;HH: 

a) o6hl"IHaJI npeu;eccru: BeKTOpa n~nJipn::JaIJ;HH Boxpyr BeKTopa Ha~pJI:lKeH­

HOCTH MarHIITHOro nOJIJij 6) noBeµ;eHue BeKTopa nOJIJipmiau;un npn HanH'lllll 

npeu;eccnn BeKTopa HanpJI:lKeHHocTn MarHHTHoro no~Jij B) noBeµ;eHne BeK­

Topa noJIJipn::JaIJ;Un npn o6paTHoii npeu;eccnn BeKTopa HanpJI:lKeHHOCTH 

B cny'lae onncaHHOll Bhlwe aµ;na6aTn"leqm:ii 0Bon10u;11H, xorµ;a ocb KBaH­

TOBaHnJI µ;ocTaTO"IHO Meµ;neHHO MeHJieT CBOe HallpaBneHne, napanJieJlbHaJI 

nomo KoMnoHeHTa BeKTopa noJIJipn::Jau;un coxpaHJieTCJI. Oµ;Ha1m HanpaBJie­

Hne KOMilOHeHThl, nepneHµ;HKYJIJipHOll OCll.KBaHTOBaHnJI (rrpeu;eccnpy10r.u;eii 

BOKpyr ocn), n::J-::Ja p;Bn)KeHnJI nocJiep;a:eiI, B o6r.u;eM cny"lae, B KOHJle IlllKJin­

"lecKoii: 0B0lll0Jlllll He COBnaµ;aeT· C Ha"<IanbHhlM, µ;a:lKe ecJIII BpeMJI GBOJllOIJ;Hll 
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!) 

BeKTOp-napaM~Tpa K pa TH o nepHoµ;y npeueccuu (cM. puc. 1). 
lI::JBecTHO, 'ITO pewem1e ::Jaµ;a ... m o cmme HeIITpoHa B oµ;Hopoµ;HoM · Ma- . 

rHHTHOM noJie µ;onycKaeT µ;Ba co6CTBeHHhlX COCTOJIHHJI· c onpeµ;eneHHOll 

npoeKuue:ii cmma Ha BbIµ;eneHHYJO ocb: 

wo (O "') _ .. (cos! .• e-i,:, ) + , '/' = e IWLt 2 

sin! ' 
2 

\li~(8,f) - ,,;,,, ( 
-sin!. e-i,:, 

2 

cos! 
2 

)· 

(13) 

(14) 

rµ;e (} H 4> - COOTBeTCTBeHHO IIOJIJipHbIH H a::JIIMyTanbHhlll yrnhl OCH KBaHTO­

BaHUJI (ii) B Bb16paHHoii cnc-:reMe xoopµ;1maT, WL = 2µH/n - "lacToTa nap­

MopoBcKoii npeu;eccm1, µ - a6conIOTHoe ::JHa"leHne MarHHTHoro MOMeHTa 

HeIITpoHa, H = l.lfl. 
KaK oTMe ... 1anocb BbIWe, peweHHe 3aµ;aq11 06 0Bon10u;1111 cmrna npn npo-. 

HOBOnbHblX µ;Bn:lKeHHJIX BeKTOpa HanpH:lKeHHOCTll MarHHTHoro nonJI Tpe-

6yeT pa3pa60TKH o6r.u;nx MeToµ;oB ( -..mcneHHoro) HHTerpupoBaHUJI. Op;HaKO 

noBeµ;eHne CilHHa HellTpoHa .B MarHHTHOM none YHHKallbHO TeM, "ITO npn 

nepexoµ;e OT (13),(14) K paccMoTpeHHIO peweHHII B npeu;eccupy10r.u;eM 

MarHHTHOM none COOTBeTCTBy10r.u;ee BpeMeHHOe ypaBHeHHe illpeµ;1mrepa 

(ypaBHeHHe Ilaynn), KaK HOBCCTHO, TaK)Ke TO"IHO pewaeTCJI [10]. 

2. Ilpe:Qecc:npy10~ee MarHHTHoe none 

PacCMOTpHM C TO"<IKH apemrn reoMeTpH ... IeCKOII <J>Mbl noBeµ;eHne cn1ma 

HellTpOHa B MarHHTHOM none, KOTopoe, OCTaBMCb nocTOHHHbIM no .Benn­

"IIIHe, paBHOMepHO Bpar.u;aeTCH C yrnoBOH CKOpOCTblO W BOKpyr OCII :;, 06-

PMY.H c He11 yron (} : 

Hx ~ H sinOcos(wt + ¢,), 

Hy= H sinOsin(wt + ¢,), 

Hz= H cos 0. 
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YpaBHeHIIe Ilay11u uMeeT BUµ; 

in~= 2µHtw. 
OrrycKM µ;eTaJIU peweHu11, rrp1rneµ;eM BUA B011HOBOII <pyHK~UII: 

w(t) = C+w+(t) + c_w_(t), 1c+12 + 1c-12 = 1, 

iil+(t) = e-i(A-w)t/2 ( cos ~e-i<I> 

" . e , Sill -
•' ,. 2 

), 

'l! _( t) =a, e•;•~~)•i' _( - sin ~e-i: ) 

, cos~ ' , 
2 

rµ;e 4> = wt + <p, . 
· .0 ✓A +wLcos0-w 

cos-= A , 
2 . 2 

·A= /(w-wLcos0) 2 
+wL2sin20. 

0TMeTIIM, 'ITO COCT011HH11 iJ!_± opToroHaJibHbI: 

( '11 +' \JI - ) ~ 0, 

,, 

II COOTBeTCTBYIOT COCT011HH11M C npoeK~HeII ~IlHHa Ha OCb z: 
' .. ' . . ~·, ' 

. . ' ' 1 . 
, , (\JI±, Sz,iJ!±) ~ ±2 COS 0. 

qeMy paBHa B aToH naµ;a'Ie reoMeTpH'IeCKM qiana? 

KoMrroHeHThl BeKTopbB A±± B c<pepH'IeCKHX Koopµ;1rnaTax paBHbI: 

- . - - 0 0 cos2 - ' · 1 0) 
A++= i(tp+, '1ijJ+) ,- ( ' '2Hsin0 2 

12 

{15). 

(16) 

{17) 

(18) 

(19) 

{20) 

) 

, - . - ( 1 . 2 0) A __ =i('lj,_,'\l'lj,_)= 0,0,2Hsin0 8m 2. 

,Il;aJiee, cor11acHo {10), 

1'±± = J rot(A±±)ds. 
~c 

Bhl'IIIC11HB pOTOJ)hl 
',, 

. . - ( 1 (sin0) d0 ) 
rotA±± = =f 2H2 sin 0 d0 'O, O '. 

rro11y'I1IM µ;1111 1'±± c11eµ;y10w,1Ie Bhlpa,KeHHH: 

- ,±:1: = ·=F~ [n(0) .:.- n(0~)]-' 

3µ;ecb n(0) = 21r(l - cos0) II 

' . (W£COS0-W) ' 
0(w, 0) = arccos . A . , , (00 = 0(w, 0)). 

BhIIlHWeM <pyHK~IIIO n(0o) B 11BHOM BHµ;e: 

{ 
0 , WL > W, 

n(0o) = 
· 47r, WL ~ W. 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

Bhlpa,KeHHe (24) 11B1111eTCH .. 0606w,eHHeM <pa:Jhl Bepp1I µ;1111 rrpe~ec­

CIIII c KOHe'IHOH yr110BOH CKOpOCTbIO w, Korµ;a yc110B1Ie aµ;1Ia6aTH'IHOCTII 

w/wL << 0 He co61110µ;aeTC.H. IlpH w/wL - 0 OHa COBnaµ;aeT C H:JBeCTHhIM 

Bhlpa,KeHIIeM (11): 
1 , 

1'± = =F-n(B). 
, 2 ' 

IloaToMy HMeHHO 1'±± 6brno 6bI rrpaBH11bHO Ha:JhIBaTb Heaµ;1Ia6aTH'IeCKOH 

qianon: Bepp1I. Oµ;HaKo B 11HTepaType '!aCTO aToT TepMIIH yn0Tpe6111110T 

no OTHOWeHIIIO K paccMaTplIBaeMon: HII)Ke rro11HoH Heaµ;1Ia6aTH'IeCKOH reo­

MeTplI'IeCKOH qiane(qiane AapoHOBa - AHirnµ;aHa). q,r'o6b~ Bhl~HCJIHTb Il011-

HYIO reoMeTpH'IeCKYIO qiany B Heaµ;ua6aTIIKe, Heo6xoµ;uMo B µ;ono11HeHIIe 

K (20), (21) orrpeµ;e11HTb He~1IaroHaJibH~e BeKTOpHhle rronH: 
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- . · - . Sill - COS -
1 

_ 1 . 0 0) 
A+- = i( 1P+, '\ltf;_) - ( 0, 0, 2H sin 0 2 2 (27) 

.L+ =A+-, (28) 

rroµ;cTaBHTb Haiiµ;eHHble MaTpH'IHble aneMeHTbI B ( 4) n pelllllTb COOT~ 

BeTCTByronzyro CHCTeMy µ;Byx µ;mpq>epeHIJ;HaJibHbIX ypaBHCHHH rrepBoro rro­

pJIµ;Ka. CncTeMa aTnx ypaBHeHri µ;lIJI_ rrpeIJ;eccnpyroll.J;ero rrom1 panpellIIIMa, 

HO Mb! oµ;ecb He 6yµ;eM OCTaHaBlIHBa~bCJI Ha xoµ;e pellleHHJI. Ilony'!HM Bbipa­

")KCHllJI,µ;lIJI IIOlIHbIX Heaµ;na6aTH'lCCKHX reoMeTpH'leCKHX qian, OCHOBbIBaJICb 

Ha rroµ;xoµ;e AapoHoBa - AHaHµ;aHa. 

3. <t>aoa AapoHoBa-:-Aaaa~aaa 

Kax rroxanann AapoHoB n AHaHµ;aH [6), cyll.J;eCTByeT MeToµ; HerrpJIMoro 

B~IIIcneHIIJI Heaµ;na6aTII'!CCKOM reoMeTpII'ICCKOM•q>aobI. BepHeMCJI K BBO-. ,. ,, ' ' ' 

µ;HhIM paccy)Kµ;eHrurM n rryHKTe 1. BMecTo· rrpeµ;rrono:lKeHIIJI o rrpoxo:lKµ;eHIIII 

qepeo IJ;CIIO'IKY "cTaIJ;HOHapHbIX" COCTOJIHIIM, paCCMOTpIIM KBaHTOBYIO CH­

CTeMy, raMIIllbT<;>HllaH KOTOpOH o6naµ;aeT CBOMCTBOM IJ;IIKlIII'IHOCTII: 

fi(T) = H(O). 

Torµ;a BOll~OBaJI q>yHKIJ;llJI B MOMCHT BpeMeHH T C TO'IHOCTbIO µ;o ql&lbI 

coBrra.µ;aeT c Ha'laJihHOM BonHoBon q>yHKIJ;IIen: 

\Jl(T) = e;0 \J!(0). 

Ilpeµ;cTaBHM BOlIHOBYIO q>yHKIJ;IIIO B BIIµ;e 

\Jl(t) = eio(tl'l!(t), 

'll(T) = IJ!(O) = '11(0). 

Iloµ;CTaBHB aTy BOlIHOBYIO q>yHKIJ;IIIO B ypaBHCHIIC illpcµ;1rnrcpa, rrony'IHM 

aa - 8 - 1 · 
-'-Ft= -i(\JI, 8t \JI)+ ,;('11,H\JI), 
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,1 

IIlIH rrocne IIHTerpupoBaHIIJI OT O µ;o T HMeeM 

(29) 
T T . . 1_a.: 1/ . 

.. ' = i (\JI, Br \Jl)dr =a+ h ('11,H\Jl)dr . 
0 0 ,· 

BTopoe cnaraeMoe B rrpaBmr qacTu·ecTb µ;uHaMn'!eCKaJI qiana /J BOlIHOBOH 

q>yHKIJ;HII \JI' ,- CCTb Heaµ;na6aTII'lCCKaJI reoMeTpU'ICCKaJI qi a O a A a p 0-. 

H O B a - A H a H µ; a H a:. 3aMCTl'IM, 'ITO aTOT rroµ;xoµ; nerKO o6o6ll.J;aeTCJI 

u Ha cnyqaii HCIJ;IIKlIII'!CCKIIX aBOlIIOIJ;IIH [13). 

Iloµ;xoµ; Aapoii:oBa · - AHaHµ;aHa µ;aeT BOOMO:lKHOCTh BhI'!HcnnTh reoMe­

Tpnqecxyro qiaoy'B o6ll.J;eM cny'lae rrpeIJ;eccnu c rrpomJB~llhHhIM w. ;_ 
BolIHOBbIC q>yHKIJ;IIII (16), (17) o6naµ;aroT CBOHCTBOM l.J;IIKlIII'lHOCT~I: ,JJ;eii:­

CTBIITCllbHO, HCTpyµ;HO y6eµ;IITbCJI 1 'ITO 

W±(T) = eir(I'f~lw±(O), (30) 

rµ;e T = 21r /w - rrepIIoµ; aBOlIIOIJ;IIII. Cneµ;oBaTeJihHo, o6ll.J;ee II:JMeHeHIIe 

q>&lhl K MOMeHTY BpeMeHII T µ;nJI aTnx q>YHKIJ;IIM 

A 
· a± =='1r(l =F -). 

w 
(31) 

liHTerpnpyJI Bbipa:lKCHIIe µ;nJI µ;nHaMn'!ecKoii: q>a:JhI 

, .. 1 T 

fJ± = -,; j(w±, H\Jl±)dr, 
0 

IICIIOllb:JYJI (16),(17), nony'IIIM 

7rWL 7r 
fJ± = ±-A (w cos 0 - wL) = =i=-(A + w cos 0). 

w w 
(32) . 

PanHOCTh q>an a II (J µ;ae; Bbipa:lKeHII~ H~aµ;na6aTn'!ecxoii: reoMeTpII'Iecxoii: 

qia:JhI AapoHoBa: - AHaHµ;aHa µ;nJI Ka:lKµ;?n II:J q>yHKIJ;IIM \JI±: , 

1 
'Y+ = a+ - fJ+ = 1r(l + cos 0) = 21r - 2n(0), (33) 
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i 
! 
I 
i 

1 
"Y- = a_ - (3- = 1r(l - cos 0) = 

2
n(0). (34) . 

CpaBHUBaJI (33), (34) u (24), Mbl npuxoµ;UM K oa.K1110qemno 1 'ITO 

q>aoa AapoHoBa - AHaHµ;aHa µ;mr npeu;eccupyrow;ero nomr He coBnaµ;aeT 

c "Y±±(Heaµ;ua6aTH'lecKoii q>aooii Beppu). PaoHoCTb aTux µ;Byx q>ao MO)KeT 

6b1Tb oanucaHa B Buµ;e 

' 1 
6+ = "Y+ - "Y++ = 271" - 2n(0o), (35) 

1 
6_ = "Y- - "Y-- = 2n(0o)- (36) 

. ' ·,;' . . .. , 

KaK B1IHJieT .reoM~TpuqecKaJI q>aoa Ha 1:1011.Hpuoauuro _HeiiTpoHoB npu 

npoXO,Kp;eHHll npeu;eccnpyrow;ero Il01IJI? , 

· Bb1'!HC1IHM KOMnoHeHTbI BeKTopa K o H e q H o ii nonHpHOauuu - no-

11.Hpuoau;uu B MOMeHT BpeMeHH T = 21r/w. Jl:nH npocTOTbl no1IO,KIIM Koaq>-

. q>HUH~HTbl CMeWIIBaHHJI B (15) paBHblMH (C+, C_) = (1/,/2, i/,/2.)u</J = 0. 

Ilony'IHM 

P;· = - cos 0 sin(o_ - o+) ~ 

Py= cos(a_ - a+) , 

Pz = sin0.sin(a_ - o+). 

(37) 

(38) 

(39) 

AHarrHn noBeµ;eHHH qiao BO~IIOBblX q>yHKUIIH II rpaq>HKH BeKTopa KOHe'l-

HOH no11.HpHOau;1111 B w11poKoM HHTepBane nHa'!eHHH µ;nIIHbl B011Hbl HeiiTpoHa 

,\(A)= 3970 · T(s)/ L(m) = 3970 · 21r/ Lw 
.' : ' ' 

( L H T - paccTOHHHe II BpeMJI nponeTa HeiiTpoHa qepeo HeKorrnuHeapHoe 

MarHHTHOe norre) II npH pao1IH'IHblX OHa'!eHHJIX yrrra HaK1IOHa ( non.HpHoro 

yrn.;,) 0 MarHnTHoro non.H K oc1:1 npeu;ecc1rn z np1:1Beµ;eHbI B np11110,KeHHH. 

PacCMOTpHM Hawy oaµ;aqy BO Bpaw;arow;ei'Ic.H BOKpyr OCH z C qacTOTOH 

We, 6111:1:.JKOH K qacToTe npeu;ecc1rn-non.H w, CHCTeMe KOOp,ll;HHaT {cHCTeMa 

Pa611). MnBeCTHO, 'ITO peweHl:Ie oa~a'll:I O cmim; HeIITpoHa B TaKOH CUCTeMe 

Koopµ;1:1HaT CBO,ll;IITCH K BBeµ;eHIIIO aq>q>eKTHBH~ro MarHHTHoro non.H He c 

KOMilOHeHTaMII 

(He)x = H sinOcos((w -wL)t + <P), 
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1 
I~ 

J 
'J 
,} 

rµ;e 

(He)y = H sinB sin((w - WL)t + <P), 
1iwe 

(He)z = HcosB-
2

µ = He cos Be, 

He= IHel = ✓H2 sin2 ~·+(HcosB- ~e)2• 

JiapMopoBCKrur qacToTa npeu;ecc1111 BOKpyr aToro aq>q>eKTHBHoro no1IJI 

wi II yron Be ero HaK1IOHa OTHOCIITe1IbHO OCH z paBHbl 

. 2µ- I . . . 
wi = -Ii He= yw1sin2 B + (wL cosB -we)2, 

We , 

B . (WLcosB-we) 
e = arccos e • 

. WL 

CpaBHHBaJI aTH Bblpa,KeHHH c (19) II (25), HMeeM B npeµ;erre w -we-+ 0 

wi-+A, 

Be..:.+ 0(w,B). 

BonHOBble q>yHKD;HH npH aTOM HMeIOT aCHMnTOTH'!eCKOe npeµ;CTaB1leH11e, 
aHailOrH'IHOe (16) II (17): . . 

'll~(t) = e-i(A.-(w-w.))t/2 ( cos :Ci~. ) ,; 
sm~ 

. 2 

'11'.:..(t) = ei(A.+(w-w.))t/2 (- sin ~e-i~. )'. 
1 

cos~ 
2 

r;a;e <I>e = (w - we)t + <P, 

Ae =Jew-We - A cos 0)2 + A 2sin20 ~ 

~ A[l - w ~ We cos0 + o((w ~~e)2) ]. 
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3aµ;a'Ia CTaJIOBllTCJI 4>opMaJibHO aµ;ua6aTII'IeCKOH. KaK cneµ;cTBIIe, µ;mr 

nonHbIX <Pan oa D;HKn T = 271" / ( w - We) HMeeM 

. 7rA 
0:± = ((w - We) =f Ae)t/2 ~ 71" =f -- ± 71" COS 0. 

W-We . 

CooTBCTCTBCHHO reoMeTpH'IecKHe <PanbI B aToH cucTeMe Koopµ;HHaT paBHbI 

1 
'Y± = ~2n(e). (42) 

cho 06cTO.lITCllbCTBO OOHa'!aeT, 'ITO <PanbI AapoHoB'a - AHaHµ;aHa (33), 
(34) µ;n.ll npeu;eccupyromero non.sI coBnaµ;aroT c <PanaMII BeppH ( 42) BO Bpa­

marome11c.sI CHCTCMe KOopµ;HHaT. 

4. 0:3MepeHHJI reoMeTp1:1-q:ecKOH q>a3bI 

IlocMOTpHM Ha npo6neMy · :reoMeTpII'ICCKOH . 4>aObl C TO'IKH OpCHII.lI 

BOOMO:lKHOCTH ee Ha6nroµ;eHH.lI B HeH.TpOHHO-OnTII'ICCKHX aKcnepHMCHTax. 

Ilpe:lKµ;e Bcero o6paTnM BHHMaHHe Ha To, 'ITO Boo6me nro6a.sI <l>aoa Bon­

HOBOH. <l>YHKD;HH B mi.6nroµ;aeMhIX BenH'IHHax npo.lIBn.lICTC.lI KaK apryMeHT 

HCKOTOpOH 3KCnepIIMCHTaJibHO IIOMCp.lICMOH <l>YHKI~HH, KOTOpa.lI MO:lKCT oa­

BHCCTb KpoMe <PanbI II, OT µ;pyrux napaMeTpoB (HarrpHMep, OT napaMe­

TpOB, xapaKTCpHoyromHx Ha'!a.JibHOe COCTO.lIHHe non.llpHoau;IIH ny'!Ka). Ilo-

3TOMY, KaK lI B o6bI'IHOM <PanoBOM aHaJIHOe, MO:lKHO CTaBIITb Bonpoc 

TOnbKO O KOCBCHHOM HOMepeHHH reoMeTpH'IeCKOH 4>anb1, µ;arome11, Hap.sIµ;y 

c µ;HHaMH'ICCKOH 4>aoo11, BKnaµ; B Henocpeµ;CTBCHHO, Ha6nroµ;aeMbIC Benu­

'IHHbI. B 0KcnepHMCHTax C non.sipIIOOBaHHbIMH HCHTpOHaMII TaKHMH BenH­

'IIIHaMH .lIBn.lIIOTCJI KOMnoHeHTbI KOHC'!Horo BCKTopa non.sipuoau;uH. B 0THX 

0KcnepIIMCHTax npHMCH.lIIOT MCTOµ;HKY ,,spin-rotation" , KOTOpa.lI oaKnIO­

'!aeTC.lI B TOM, 'ITO B Ha'!aJibHOH TO'IKC TpaeKTOpHII HCHTpoHa BCKTOp 

non.llpHOaD;HH HanpaBn.lleTC.lI rrepneHµ;IIKymrpHO MarHHTHOMY nonro, a B KO­

HC'IHOH TO'!Ke, Ha OCHOBC lIOMepeHH.lI npoeKD;lIH BeKTOpa non.llpHoau;HH Ha 

oµ;Hy uo oce11 B nnocKoCTH, rreprreHµ;uKyn.sipH011 rronro, MO:lKeT 6bITb orrpe­

µ;eneHa rronHa.sI <Paoa BonHOBOH <l>YHKQIIH. 

Panµ;eneHHe rronHoH <PanbI Ha µ;uHaMH'!ecKyro u reoMeTpH'IecKyro '!aCTH 

OCHOBaJIO Ha HCKOTOpbIX µ;orronHHTCnbHbIX coo6pa:lKeH:irn:x. B 'IaCTHOCTH, 
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µ;n.ll aµ;na6aTII'ICCKOH 3BOJIIOD;IIII CIIIIHa rrpu rrponeTe HCIITpOHOM y'IaCTKa 

L B HCKOJimrneapHOM (KaK II B KOllJIIIHeapHoM) none µ;1rnaMII'ICCKa.lI <Pana 

onpeµ;en.lleTc.lI, cornacHo (32), Bbipa:lKCHIIeM 

' 271' 
/3=A- =AT, 

w 

rµ;e A nporropD;IIOHaJibHa cpeµ;HeMy OHa'!CHHIO Moµ;yirn MarHIITHoro non.ll 

< IHI >, µ;eHCTByromeMy Ha CIIHH He1hp0Ha oa BpeM.lI rrponeTa T = L/v 
( v - cKopo<;Tb, HCHTpoHa), IInH, nocKoJibKY v ~ I/,\, µ;IIHaMII'IeCKa.sI <Pana 

np.lIMO npon:opD;IIOHaJlb}Ia µ;mrne BOllHbI HCHTpOHa: 

/3 = A',\. 

Ilp11 3TOM IIOMCp.lleMble KOMnOHCHTbI BCKTopa nom1pnoau;1m CCTb, KaK 

11 (37)-(39), cuHycbI 1mn Ko·c1rnycbI oT panHOCTII nonHhIX <Pan Ao. 0 reo­

MeTpII'IeCKOM 'BKJiaµ;e 

A-y = const 

B noriHyro <Pany, IIcnonbOY.lI. aHaJIIIO nomrpuoa1um II MCTOµ; BpeMeHII npo­

neTa Ha nonuxpoMaTlI'ICCKOM ny'!Ke, MO:iKHO cyµ;HTb no cµ;Bnry <l>anbI B 

ocu;unnupyrome11 OaBIICIIMOCTII P;(,\): ·. 

,\ P; r:-- cos(Ao) = cos(A/3_ + A-y) = cos(A' ,\ + A-y). 

( CM. npnno:iKemte). ·· Ecnn :iKe aHanno non.llp1mau;m1 npoBoµ;HTb Ha MO­

HoxpoMaTn'!ecKoM ny,cIKC HCIITpOHOB (,\ = Const), TO aµ;Ha6aTll'ICCKYIO 

<l>any BeppH MO:iKHO BbIµ;emITb, IlOCTpOHB oaBUCIIMOCTb nonHOI01 <l>anbI OT 
' • - . j 

cpeµ;Hero OHa'ICHH.lI MarHnTii:oro non.ll Ha KOHType (A'~< H > ), coxpaH.lI.lI 

npn 3TOM ieoMeTpHIO KOHTypa HCHOMCHHOI
0

1 npu Ka:iKµ;oM OHa'!CHllll < .H >. 
HMeHHo aTa MeToµ;nKa 6bina 1i:cnonhiJ0BaHa BnTTepoM .n J(y66epcoM B 

1987 roµ;y B nepBOM :)J(<"IlC})JIMCHTe no llOMCJ)~HllIO <l>anbI Beppu . C no­

uombI<J MOHOXpoMaTII'ICt'KIIX IlOJIHplIOOBaHHbIX HdiTpOHOB mi peaKTope 

UHCTUTyTa Jlaya - JlamKeBeHa [11]. Ha jnicyHKe 2 np1rncµ;eHbI cxcMa ycTa­

HoBKlr" lI nony'IeHHM BnTTepoM II .I(y66,epcoM oaBIICHMOCTb IlOJIHp,noau;1m 

n nonHoH <Panhi OT cnnhI ToKa, npony~KaeMoro '!epeo rem1Konµ;anbHYIO Ka­

TymKy. BbinII ncnonbOoBaHbI µ;Ba coneH011µ;a: rcnnKcinµ;anbHhiii, µ;n.11 Bpa­

mcmrn ·BeKTopa MarHIITHoro nonsr Bµ;onb TpaeKTopnn HeiiTpomi, n Ko­

aKcHanbHbIH CMY, ~nH KOMilOHCHTbI IlOll.lI Bp;Onb TpaeKTOpUU. 8ToT 3KC-

11CpHMCHT npoµ;eMOHCT}mpoBan c11paBeµ;mIBOCTb OaKOHa paBCHCTBa <l>a:JbI 
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/ 

Beppn TenecHoMy yrny, onncbIBaeMoMy rennxonµ;anbHbIM MarHMTHbIM no­

neM .. IlpnMe'l~TellbHo, 'ITO naMepeHHJI nonHon: <Paabl B Heaµ;na6aTII'le_<;!(OH 

o6nacTH B paMKaJC aToro MeToµ;a Il03BOJl.lllOT Ha6nroµ;aTb q>a:JbI, KpaTHble 

2,r .( CM. pnc. 26). 

"' "I "' 

MN 
::: C!:l 
::l" Ill 
rd 0 
t'J ·:i: 0 

,·[ 0 
"I a. 
<: E-< 
0 ,::: 

~ §l . ~ . 
-1 

B) 
' Brr 

.a: 
rd 4rr 

~ 
a) ,e. 

~ 
Ot-- .. -+-·--

:i: 
r:: 
~ ·4rr 

-0.50 0 0.50 A 

ToK B !11-KaTyIIIKe 

Pnc. 2. 8KcnepnMeHT 1?nTTepa II .TI:y6.6epca. 

.a) rennKonµ;anbHaJI ~aTyllIKa µ;nJI npaBoBparu;aroru;erocJI MarHIITHoro noIDI 

B1• Hen:TpOHHbIH ny'loK Hai:i:paBneH B;a;mrb ocu z. ConeHon;a; aKCHaJibHoro 

non.ll He IlOKa:JaH. 6) 3al3HCHMOCTb nepneHp;HKY!I.llpHOH Il'?!IIO KOMilOHeHTbI 

BeKTopa n?n.llpnaau;m1 OT napaMeTpa a;a;na6aTH'IHOCTH~ B1• B). Ha6nro;a;ae­

,Mbln: lI BbI'IHC!IeHHbIH q>a:JOBbin: c;a;Bnr 4>t 

. MbI onycTHM a;a;ecb. o6cy:lK;a;eHne aKcnepnMeHTOB Pn'Iap;a;coHa [12], 

a TaK:lKe BeiiHq>ypTepa .n Ba;a;ypeKa (13], OTCbI;;aJI 'IHTaTenJI Henocpe;a;­

CTBeHHo K opnrHHallbHbIM ny6mIKall;HHM. 0TMeTHM TOJibKO, 'ITO 0TH pa-

60TbI no;a;TBep;a;nnv. npHHll;HilllallbHYIO BO:JMQ)KHQCTb Ha6rrro;a;eHH.ll reoMe­

TpH'IeCKHX a<f>q>eKTOB B Hen:TpOHHO-OilTII'leCKIIX axcnepnMeHTaX. 
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06cy;a;nM He;a;aBHIIn: axcnepIIMeHT, npoBe;a;eHHbln: B JIHcp OIUUI (14]. B 

OT!IH'!He OT npe;a;bI;a;yru;nx aKcnepuMeHTOB H:JMepeHH.ll q>a:JbI Bep_PH Ha no­

m1xpoMaTM'leCKOM IlY,'!Ke OT peaKTopa IIBP-2 MeTo;a;oM BpeMeHH nponeTa 
' . ' 

C -axcnepuMeHTallbHOH TO'IKH npeHII.ll npe;a;no'ITHTenbHbI, IlOCKO!IbKY He 

Tpe6y10T lmMeHeHIIJI BellII,'IlIHbl MarHHTHOro IlO!I.ll lI CB06o;a;Hp1 OT He­

KOHTponupyeM:bIX H:JM~HeHHH reoMeTpuu nonir. CTau;uoHapHaJI KOHq>nry­

pau;nJI MarHHTHoro IlO!I.ll ( KOHTYP ), con;a;aHHaJI Bp;O!Ib Tp~eKTOpHII nponeTa ' 

He11TpoHoB, uno6pa:lKeHa Ha puc. 3a. 

liaMepJieMaJI KOMnoHeHTa BeKTopa nonHpxmau;un c ·y~eToM· KOHKpeTHbIX 

napaMeTpoB axcnepuMeHTa HMeeT BH;a; 

P = acos(.6.,B(X)-+.:.6.-y(X)) + b. {43) 

Cero;a;HJI nocTaHOBKa aa;a;a'IH 06 axcnepiiMeHTa!IbHOM onpe;a;eneHJIII He­

a;a;ua6aTJI'!ecxon: q>a:JbI .6.-y( X) JIB!IJieTcJI xoppeKTHOH TO!IbKO p;IDI cny'laJI 

paBHOMepHo npeu;eccupyroru;ux MarHIITHbIX none~ c)nocTOJIHHon: aMnnnTy­

;a;on:. Ha ocHoBe TO'IHbIX pellleHHH ypaBHeHH.ll Ilaynu MoryT 6bITb nony'leHbI 

TO'IHbie q>opMynbl ;a;n.ll .6.-y u .6./3 ( CM. {32)_'.{34))'. 8TH Bbipa:lKeHHJI, no;a;­

CTaBneHHbie B ( 43), IlO:JBO!IlI!IH npoBeCTII no;a;roHKY axcnepIIMeHTaITbHbIX 

;a;aHHbIX •. IlapaMeTPbl no;a;roHKH: cpe;a;Hee nHa'!eHJI~ IlOlliI < jj >' IlO!IOBIIHa 

yrna pacTBopa KOHyca 8, napaMeTpbI a, b. B o6cy:lK;a;aeMOM axcnepuMeHTe 

II:JMepJieMbin: cnexTp P(X) coµ;ep:lKan xax o6nacTb rny6oxon: Hea;a;ua6aTHKH 

1 .A < X < 2 .A (napaMeTp a;a;IIa6aTII'IHOCTII wL/w ~ 1), TaK II o6nacTb 

cna6on: Hea;a;ua6aTHKH 2.A < X < 7 A(wL/w ~ 1). PenynbTaTbI no;a;roHKH 

axcnepHMeHTaJibHbIX ;a;aHHbIX Ha y'laCTKe 2 .A < X < 7 A npuBeµ;eHbI Ha pII­

cyHKe 36. Ilpu yBenII'leHIIH X naBHCHMOCTb .6.-y(X) Bblxoµ;HT Ha nocTOJIHHoe 

n'Ha'!eHHe, KOTOpoe COOTBeTCTByeT aµ;na6aTI:I'leCKOMY npeAeny Beppu, Ha­

CTyna10ru;eMy B o6naCTII X > 20.A. AcHMIITOTH'IeCKbe no riapaMeTpy w/wL 
mia'leHIIe .6.-y' nonrrae:Moe Im nbµ;:roHKH Ha' OCHOBe MOµ;enu npeu;eccupy-

10ru;ero nonJI, oTnH'laeTcJI OT :JHa'!eHHJI TenecHoro yrna n , · II:JMepeHHoro 

MarH~TOMeTpOM, Ha Be!III'IHHY t~ 1.43, ·T:e. OilIICaHiie'cno2KHOro KOHTypa 

. MogenbIO npeu;e~-c~1py10ru;ero IlO!I.ll B llllipoKbM :irn.fepBane :JHa'!eHHH W /wL 
np1rnoµ;HT K "Mo;a;elibHOMy" CMeru;eHHIO ou;eHKII Benir4IIHiI. aµ;'ua6aTH'!ecimn: 

<f>anbI Beppu. · ' 
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a) 
1 

. 6) 

0 4 \ r u ' r- \J V· V V V -~ -t 
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12.0 7 Ay n 
------

l-' 
10.0 

8. 0 -+-----'-....---.-..-.---....--.----.--r---,----, 

2 3. 4 5- 6- 7 

0 

"'(A) 

' ' 

Pnc. 3. a) KoHTYP Ha ccpepe Ilyammpe, cooTBeTCTByro~nn xoHcpnrypa-

~ MarHHTHoro nolll[1 peaJIHt30Ba.HHOH BO BpeMmiponeTHOM axcnepnMeHTe 

[14], 6) pe3Ylil>TaThl noArOHKH Ha ocHoBe MOAenu npeueccupyro~ero nolll[ . ' ' ,- ' ' ,, 

J];IDI 6onee TO'IHOrO a.HaJIH~a :.lTOrO :.lKC~epHMeHTa npOCTO 13Ha.HIDI MOAeJIH 

npeueccnpyro~ero nolll[ JIB~o_HeAOCTaTO'IHO. Heo6xoAHM 6011ee ~eTaJibHhIH 

a.HaJIH~, Aa.IO~HH aJiropHTM Bhl'IHCneHIDI reoMeTpH'lecxon cpaobl B cny'lae 

npOHl3BOllbHhIX KOH«pHrypa,uHH MarHHTHOro IlOlll[. 
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3aKJIIO''feHHe 

llTaK, <f>ana BeppII He ecTb a6cTpaKTHo - TeopeTII'lecKoe noHHTne. Brrn­

HHne Ha <f>any BOJIHOBOII <f>YHKQ1
1

UI re'oMeTpU'leCKHX CBOHCTB'npocTpaHCTBa 

napaMeTpOB, OT KOTOpbiX tHlBIICUT raJ:1IIJibTOHUaH KBaHTOBOii CUCTeMbl, -

aKcnepIIMeHTaJihHO Ha6moµ;aeMoe HBJieH11e. C TO'IKII 13peHIIH HeIITpoHHOII 

onTIIKII npeµ;cKanam1e Beppu µ;rr.ll aµ;ua6aTn'-1ecK01i aBorr10uun cmrna Hei'1-

TpOHa (1/2) B npoCTblX remIKOHl);aJibHblX IlOJI.lIX IlOl];TBep)Kµ;aeTC.lI aKcnepu: 

MeHTaJibHO B BIIµ;e Cl];Bllra KOMilOHeHTbl BeKTopa IlOJI.llpimaunu, nepneHµ;H­

KJJI.llpHOII norr10, Ha yrorr, paBHbIII BemI'IUHe Terre~Horo yrrra, onucblBaeMoro 

BeKTOpOM MarH_IITHOro IIOJI.ll: 

n = 27r(l ·- cos 8) · n, 

rµ;e 8 - yrorr _11 n - 'lncrro o6opoToB rem1Kouµ;a. Ceti'lac .lICHo, "ITO npe­

He6pe)KeHIIe reoMeTpn•1ecKoii: cpanmi B onpeµ;erreHHbIX crry'laJIX Mo:iKeT npu­

BOIJ:HTb K CHCTeMaTII'IeCKOii OIIIII6Ke npII UHTeprrpeTauu11 :.lKCnepnMeHTOB-C 

i:torrHp11noBaHHhIMH HeIITpoHaMn, ·B ocHoBy · KoTopblX noJio)KeH_ MeToµ; cn11-

HOBOII npeueccnn(M.eToµ; cmrnoBoro axa, 3-MepHb1i'1'aHari11ci norrHpIInau1m). 

BMeCTe C TeM Hei'1TpoHHbie aKcrrepnMeHTbl CTaB.lIT Ha IlOBeCTKY l];H.ll HO­

Bble BonpocbI, CBH:JaHHble c H:JMepeHneM reoMeTpu•recKnx <f>ao µ;rrH cny'laJI 

MarHHTHbl_X rrone1i CJIO)KHOII reoMeTpmI c y'leToM Heaµ;ua6aT11'1eCKIIX a<f>­

<f>eKTOB. 

ABTopbl npmmaTeJibHbI C. ll. BnHIIQKoMy, B. K. llrHaTOBII"IY u 

_B. M. Tep-AHTOHHHY na.rronenHbre o6cy)Kµ;eHU.lI II naMe'IaHII.lI. Pa6oTa 

'IaCTll'IHO noµ;µ;ep)KaHa. PoccmicKm.I <f>oHµ;OM <f>yHµ;aMeHTaJibHbIX llCCJieµ;o­

BaHIIII (rpaHT No-2517) . 

• 
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I1p11no:>KeHHe 

PacCMOTpHM noBeµ;emte qian BOJIHOBblX q>yHK~HH B acnMri'ToTHt{eCKUX 

pe')KHMaX aBOJIIO~HH cmrna HeUTJ)OHa. B aµ;IIa6aTIIt{eC~OM npeµ;ene, Korµ;a 

w/wL.<< 1, IIMeeM •. . . . w 
A:::::: WL(l - -cos0), -(44) 

IIJIII 

WL 

a±-+ 1r{l =i= wL/w =i= cos 0) , 

fh -+ =i=1rwL/w , 

-r± - 8± =i= n( 0) /2 , 

8± = { 207T } · 

(45) 

Kax cneµ;cTBIIe, µ;m1 KoHeqHoro BeKTopa_ nom1p1IDa~IIII .·IIMeeM cneµ;yromee 

acIIMOT,OTIIt{eCKOe noBeµ;eHIIe_: 

. , • 21TWL 
P:c -+ - cos 0 sm{-- + 0( 0)) , 

w 

21TWL 
Py-+ cos(--+ 0(0)) , 

w 

Pz -t sin 0 sin( 
2

1TWL + 0( 0)) . 
.w 

(46) _ 

(47) 

(48) 

HaII6onee npocToH BIIµ; KOMnoHeHTbl BeKTopa KOHeqHOH nomipIIna~IIH 

IIMeIOT B CIICTeMe Koopµ;IIHaT C OChIO z'' coBna;a;aromeii C ~anpaBJieHIIeM 

MarHIITHoro nomr: 
1 • · ( 21TWL ( 0)) p:c -t - Sln -- + Q 1 

w 

21TWL 
P;-+ cos(-.-+ 0(0)) , 

w 

p; -t O. 
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(49) 

(50) 

(51) 

AHanorIIqHo MO:lKeT 6b1Th paccMoTpeH Heaµ;IIa6aTuqecKIIH npe;a;en: 

w/wL >> 1 II 
· WL 

A ::::::.w(l--cos0). 
w 

,ll;mI q>an II KOMilOHeHT. nomrpII3~IIH B aTOH aCIIMOTOTIIKe IIMeeM· 

0± -t "Y± -t 8~ = { 2~ } ' 

!h-+O, 

(52) 

(53) 

. ' I . · ' I · .... i . · . 
P:c, P:c -+ 0 , Py, PY -+ 1 , Pz, Pz -+ O_ , ~~4) . . 

'9:To MbI IIMeeM npII nepexo;a;e K o6paTHOMY BpameHIIIO (w -t -w)? 
BpameHIIe MarHJITHOro nom1 B o6paTHOM HanpaBJieHJilI COOTBeTCTByeT 

3aMeHe BO BCex Bblpa:lKeHJIHX, nplIBeµ;eHHblX·BbIWe, W -t -w, B qaCTHOCTlI, 

A-+ A= /(w +wLcos0)2 +wi sin2 0 .. 

B 'a;a;ua6aTuqecKoM npe;a;ene, Kor;a;a lwl/wL << 1, HeTpy;a;Ho nony'IlITh 

cne;a;yromHe aCJIMOTOTlIKlI: 

KaK cne;a;cTBue, 

- lwl A :::::: WL(l + -. - cos 0), 
WL 

ci:1:-+ -1r(l =FwL/lwl =F cos0), 

P± -t =i=1rwdlwl ' 

··1'±-+ g± =F 0(1r -.0)/2, 

s~ ~ { o ,!'·}: , 
. .. : .. -21r ... 

B B~coKo'IacTOTHOM ~pe~ene lwl/wL•>> 1, Kor/:ia ., 

- WL 
A :::::: lwl(l + ~ cos 0), 

:;25 
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(56) 

(57) 



µ;JUI <pan HMeeM 

. - { -271" } ' a± -+ 7± -+ s± = o ' /h -+ o . (58) 

Mb! He 6JAeM Dµ;ecb npIIB0µ;IITb aCIIMnT0TU'ieCKIIe BblpaiKeHIDI ;a;mr K0He'l­

Horo BeKTopa noJUipHD~HH B CJiyqae o6paTHoro Bpa~eHmI ; IIX nerxo no­

JIY'IIITb HD npIIBep;eHHbIX q>MOBbIX aCIIMilT0TIIK. O6paTIIM BHIIMaHIIe Ha 

pa:3H0CTII q>a:3 Tnna 0:± - O±j npII lwl -t O 3TH pa:3H0CTII yKa:JbIBaIOT Ha 

-cxa'IKII q>anhl: 

Ct± --: <l'± -+ 271". 

IIp1me;a;eM p.H;a; rpaq>IIKOB, IIJIJIIOCTpIIpyro~IIX noBeµ;eHIIe q>a:3 B0JIH0BbIX 

<l>YHK~ II K0Mn0HeHT K0He'IH0rO BeKTOp~ noIDipHD~II. 

. :a 
0 

3 

c:d -2 
>&. 

-7-
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P11c. Ill. CnexTpaJibHOe noBegeH11e q>a:3 BOJIHOBOH q>yHK[(IIII (15): 
6.et = et+ - (t_ - pa:3H0CTb Il0JIHbIX q>a:3 (B eµ;IIHII[(ax 1r), BX0µ;JI~M B Bbl­

pa:iR:eHII.H µ;JUI K0Mil0HeHT BeKT0pa KOHe'IHOH noJUipHD~lI (37)-(39), 6.(3 = 
f3+ - f3- - C00TBeTCTBYIO~aJI pa:3H0CTb µ;IIHaMII'iecimx q>a:3, 6., = 'Y+ - 'Y­
- pa:3H0CTb reoMeTpU'ieCKIIX q>a:3 (C+ = 1/,./2, C_ = i/"1,, <p = 0,0 = 
30°,L = lM,IHI = 1 8) . 
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P11c. II2. "IIap[(IIaJibHble" q>a:Jhl BOJIHOBou' q>yHxii1111 (0 = 30°, IHI = 1 8), 
cooTBeTCTBy10~11e: a) noJIOiKIITeJibHOH npoeK[(IIII cnIIHa Ha Hanpa­

BJieHIIe Il0JIJlj 6) OTpII[(aTeJibHOH npoeK[(lIH cmrna 
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PHc. II3. 3aBIIClIMOCTh_ OT nomipHoro yrrra 0 (HaKJIOHa MarHHTHoro rrmrn 
• - i ' '• - • • 

OTHOClITeJihH.o oc1i z) Py-KOMIIOHeHThI BeKTopa KOHe'!Hon rrorr.npmm-

QlIII IIplI q>IIKCIIpOBaHHhIX gJIUHax BOJIH: 

a),\= 0, lA, 6) ,\ = 0,4.A, B) ,\ = 1.A, r) ,\ 10.A 

3gech lI Ha plIC. II4 rryHKTUpHh!e KpIIBh!e COOTBCTCTBYIOT IIOBegeHmo, 

06ycJIOBJieHHOMY Ha6opOM TOJihKO gHHaMU'ICCKOH q>a3hI, CIIJIOillHhle KplIBhie 

COOTBeTCTBYIOT peaJihHOMY IIOBegeHUIO C y'leTOM reoMeTpII'IeCKOH q>a3hl. 
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P11c. II4. KoMnOHCHThl Bl'KTopa KOHe•iHoii norr.npnna.l{IIU ripti' :JHWJPHIIII 

IlOJl.lipHoro yrixa (J paBHOM 30° (a;6,B); Py-Kc>imoHCHTa B'l;KTopa KO­

He'IHOll rrorr.npnna.l{nn rrpu- yrnax Haxnoua (J ~mrHUTHoro rrom1 oTuo­

CHTeJihHO ocu'z, COOTBCT£TBCHHO pa.»Hhlx'l5°, 60", 1506• Ilpu w --> -u.• 
HMeeM (J-+ ,r - O'(r,g,t') 
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Bo~Hap1.1yK B.11., ,UaBTSIH JI.C., KopHeea ,U.A. 
3q>q>eKTbl reoMeTpHl.leCKOH q>a3bl B Heii:TpoHHOH onTHKe 

P3-95-164 

U:e.nh ~aHHOH pa6oThl - Ha npnMepe H3BeCTttoii: Toqtto pemaeMoii: 3a~a1.1n o 
' , , , 

noae~eH.HH cnntta tteii:Tpotta a npeu;eccnpy10~eM MarnnTHOM none ~aTh, no 
B03MO)KH0CTH, KpaTKOe H AOCTynttoe BBe~eHHe B Kpyr OCHOBHblX YTBep~eHHH,, 
CBSI3aHHblX C 'nOHSITHeM reoMeTpnqecK?H q>a3hl . (q>a3hl Beppn) H ee H3Me­
peHHSIMH B Heii:TpOHHOH onTHKe. 

Pa6oT~ Bhmo.iiiieHa B Jla6opaTOpHH Heii:;pOHH~H q>H3HKH HM. 11.M.q>paHKa 
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