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1. Bee()eHue 

C p&3BBTBeM yCICOpBTenei, H& ICOTOpLIX MO)I(JIODOny'I&Th 

D)"'ICB T.KliCenwx BOROB C 3HeprBei B COTHR M3B, CT&nB 

AOCTynHLIMB ,lVII 3ICCDepBMeRT&nJ.HOrO B3)"1eHR.R .RAp&. C 

6onJ.IDBM yrnOBLIM MOMeRTOM, BDnOTh AO M&ICCBM&nhHO 

B03MO)I(JIOrO.IiWCTpO p&CTeT 31CCDepBMeRT&nhROe BCICyCCTBO 

B BCCne,JlOB&HRB CBOBCTB .&Aep, CB.R3&RHLIX C 6onhWBM 

yrnOBLIM MOMeRTOM/l,2 /, 'ITO CTBMynBpyeT TeopeTB'IeCICBe 

DODLITICB DO BWp&60TICe cneACTBBB, OTHOC.~XC.R IC 3TOB 

HOBOB o6n&CTB ICORI!»Brypa~BORHOrO DpOCTp&RCTB&, BLITe

IC8.101qBX B3 R&WBX 6onee BnB ueuee xopomo ycT&Rosneu-,..l ; 
HLIX DOR.TBi 0 CTpyiCType .RAp&. 06uteDpBH.RTO ' ' . , 'ITO 

DOCne p&CD&A& DPOAYICTOB CnB.RHR.R •Apa MBWeHR C T .KliCe

nLIM BOHOM DOCpeACTBOM BCDYCIC&RB.R HeCICOnhiCBX nericBX 

'I&CTB~ B Y -ICB&HTOB AOCTBr&eTc• o6n&CTh ICOHI!»Bryp&UOH

ROrO DpOCTp&RCTB& C 3ReprBei·B036yx<AeHB• H&A "Bp&CT"

nonocoi nop•AICa 1 M3B. /3AecJ. B Aanee Bcnon.t.3yeTc• 

CT&BIIIBB ylKe 06uteYDOTpe6BTenJ.HLIM TepMBH "Bp&CT-no

noca" An• 0003R&'IeHB• COCTO.HBB C H&BUeRWDei 3ReprBei 

npB 3&A&HROM yrnosou uoue&Te/. Docne 3Toi nepaoi, cTa

TBCTB'Iecxoi, 'I&CTB p&CD&A&, B Te~eRBe ICOTOpoiyrnOBOB 

uoue&T yueu~omaeTc• TonJ.ICo ua ue6on..WYJO 'I&CTJ., nony

'IAeTc• •Apo DpB HR3ICOB TeMDepaType, XOT. B BLICOICOB03-

6YlK,JleRBOe OTROCBTenJ.RO OCROBROrO COCTO•HR•. 

B TeopBB CTpyTBHCICoro / 4 / .Q&eTc.a ycneWBoe o6'h•cue

HRe BenB'IBRLI Aei!»OPM&UB OCROBROrO COCTO.RB• B 6apJ.e

poB Aeneu•• ueapaut&JO~xc• •Aep. B p&3A. 2 B 3 uacTo•utei 

p&OOTLI 06CylK.Q&eTc• DpBMeHeHBe 3TOi TeopBB IC •AP&M 
B paloue "&pacT" -nonocw, T .e. npB uanoi TeMDepa.Type 

B C ICOHe'IRLIM /B 6on&WBM/ yrnOBLIM MOUeHTOU. 
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3aBHCHMOCTb "rna,IJ.KHX" BenH'IHH, KOTOpble ecTeCTBeHHO 

B03HHKaJOT B TeopHH CTPYTHHCKoro, OT yrnoaoii qacTOTbl 
H3y'laeTCJI B pa3,IJ.. 2 B npe,IJ.nono>KeHHH, 'ITO MO>KHO npe

He6pe'lb CDHHOM HyKnoHa, .IJ.BYX'IaCTH'IHOe B3aHMO,IJ.eHCTBHe 
MO>KHO annpOKCHMHpOBaTb He 3aBHCJI~HM OT CKOpOCTH no
KanbHbiM noTeauaanoM H nepepacnpe,IJ.eneaae JI.IJ.epaoiiMa

Tepaa B ueaTpo6e>KHOM noTeHUHane npeae6pe>KHMO Mano. 

3To .IJ.OBonLHO rpy6we ynpo~eHHJI. B pa3.IJ.. 3 .IJ.aiOTCJI ouea

KH 31)4leKTOB, B03HHKaJO~X npH OTKa3e OT 3THX npe,IJ.DOnO

>KeHHH. 
,lJ;nJI npHMeHHMOCTH MO,IJ.enH npHHY.IJ.HTenbHOrO Bpa~eHHJI 

He06XO,IJ.HMO JlbiDOnHeHHe ycnOBHJI BbiDyKnOCTH 3HeprHH KaK 

liiYHKUHH yrnoaoro MOMeHTa. 06cy)I(,IJ.eHHIO 3Toro ycnoBHJI 

DOCBJI~eHO npHJIO>KeHHe. 

H.IJ.eJI npaMeHeHHJI MeTo,IJ.a CTpyTHHCKoro B 3a,IJ.a'le o 

ap~eHHH JI.IJ.pa 6wna npe.IJ.JIO>KeHa B pa6oTe llawxeBH'Ia H 

~ayea,IJ.opclla 1 5 , r ,11.e o6cy>K,IJ.aeTcJI nepeaopMHPOBKa, acnoJIL-

3yeMaJI B MeTO,IJ.e CTpyTHHCKOrO, B npHMeHeHHH K MOMeHTY 

aaepUHH, .IJ.&BaeMOMY !llopMynoii Harnaca. 
He,IJ.aBHO liearcToH H ,11.p. '6 · ony6JIHKOBaJIH BW'IHCJieHHJI, 

OTHOCJI~HeCJI K HeKOTOpbiM HeHTpOHO.IJ.e!liBUBTHbiM pe,IJ.K03e

MeJibHbiM JI,IJ.p&M, OCHOB&HHble H& !llopManH3Me, DO,IJ.06HOM 

BCDOJib3yeMOMY B H&CTOJI~eii pa6oTe. qaCTb pe3yJibT&TOB, 

npe.IJ.cTaaneaawx 3,1J.ecb, 6wna npBBe.IJ.eHa B npe,IJ.Bap&TeJILHoii 

ny6nHKaUHB · 7 · 

2. 06UiaJI ,Pop.wyAupoeKa 

Ocaoaawe ypaBHeHHJI B TeopBB CTl>YTBHCKoro MoryT 

6b1Tb BbiBe,IJ.eHbl 83 pa3JIH'IHbiX 6onee liiYH.IJ.aMeHTanbHbiX Teo

pHi CTPYKTypw JI.IJ.pa. ,ll;JIJI onpe.IJ.eJieHHOCTB 6y,11.eM cne.IJ.OBaTb 

BbiBO.IJ.Y · 8,-, CBJI3b1BaiO~eMy TeopBIO CTpyTBHCKOrO C DO,IJ.XO· 

.IJ.OM THna XapTpa-«<»oKa co CBJI3JIMB K peweaa10 3&.IJ.a'IH 

o BW'IHcneHIB 3HeprBB .IJ.e!llopMaUBH. A 

llycTL H 03Ha'laeT raMHJibTOHBaH JI.IJ.pa B nycTL l Q i I -
aeKoTopwii: aa6op onepaTopoa /T .e. Maccoawx MYJILTBDOJIL

Hwx MOMeHTOB/, cpe,IJ.HBe 3Ha'leHHJI KOTOpbiX xapai<Tepa-

3YIOT !llopMy Ji.IJ.pa {3 . B Teopaa XapTpa-«<»oi<a co CBJI3JIMB 

3HeprHJI .IJ.e!llopM&UHB ,IJ.aeTCJI KaK MBHHMYM 
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E ( {3) = inf l < H > I< Q 1 -> "' Q i ( {3) I, /1/ 

r.u;e BCe cpe,IJ.HHe 3H&'IeHHJI ROHHMaiOTCJI K&K B3JITble no 

cocTOJIHHJO, HMeJO~eMy BH.IJ. .u;eTepMHH&HTa Cneii:Tepa. ITo

.IJ.06HbiM o6p&30M .IJ.]JJI Bpa.~aJO~erOCJI JI.IJ.pa C yrnOBbiM MO· 

MeHTOM f 3HeprHJI .IJ.e!llopM&UHH MO)I(eT 6b1Tb onpe,IJ.eJieHa 
KaK MHHHMYM 

E({3})=' infi<H-> J<Q. >= Q. ({3), <d>-o j I, 
I I /2/ 

r,IJ.e f - I<BaHTOBbiB yrnOBOB MOMeHT (t ~·1). ,l:J;anee MO>KHO 
onpe,IJ.enHTb liiYHKUHIO 

,. 

R ( {3 , an "' inf I < H - J . i' -_, I < Q i -Q.({J)I. 
I 

/3/ 
' 

EcnH npa Kll)f(.IJ.oii: fOPMe {~ cJIYHKUHJI E(f3, I) JIBJIJieTcJI aw-
nyJCJioii: liiYHKUHeii: I, TO E (f1, I) H R( {3 ,cJ) CBJI3&HW npeo6pa3o
BaHHeM Jle>K&H.IJ.pa, T .e. 

E(f3,i>-R({3,ZJ)= cu'·I: /4/ 

r.IJ.e 

i = f ({3 , (I). ) = - ~_(Ji..l..cl. 
aw' ' /5/ 

IIJIH paBHOCIIJlbHO 
-> • 

~=~({3,1)= aE(f3,I) 

af 
/6/ 

COOTBeTCTBYJOJUHe MHHHMYMW /2/ HnH /3/ nony'fAIOTCJI 
c oouoou.10 · o,IJ.Horo a Toro )l(e .u;eTepuaaaaTa Cneihepa. 

c;l»yuKUHJO R(f3,~) aewe.u;neuuo MOlKHO Y3H&TL KaK "3Hep

rHJO BO BPaJQ&JOUleBCJI CBCTeue" B MO.IJ.eJJB DPBHY.IJ.HTem.ao

ro Bpa.IJleHBJI. Oua oope.u;enJieT 3HeprBJO E ( {3 'n B na6o
p&TOPHOB CBCTeMe 'oocpe,IJ.CTBOM ypaBHeHBB /4/ B /5/. Hc

XO.IJ.JI 83 ypaBHeHBJI /3/, MOlKHO .IJ.OK&3&Tit "3HepreTB'IeCKyJO 

Teopeuy" .IJ.JIJI R ( f3, iV). Hy)I(HO TOJILKo 3aMeHBTL BCJO.IJ.Y B .u;o
Ka3&TeJibC,.TBe, DpOBO.IJ.BMOM B pa60Te /S/, KBHeTB'IeCKyJO 

3&epraJO T aa ooepaTop T- w. I. Pa3naraJI R ( f3, w) , 
DOJIY'IIIM C TO'IHOCTbJO AO oepsoro DOP.I:AI<a DO p8.3HOCTB 
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Me)l(,l\y M&TPH.UeB nnOTHOCTH B o6ono'le'IHOB MO,AenB H "rna,A

Koi" w:aTpH.uei nnoTHOCTH cne,AyJOI.Uee Bblpa)l(eHHe: 

R ( {3 , w') = R ({3 , ~ ) + o R ( f3 , c.:; ) • 171 

r,Ae R nnasHo 3&BHCHT oT 'IHcna Hyi<noHoB, .Aecllopw:a.uHH 

{3 H yrnosoi 'I&CTOTbl cJ, a oR JIBnJieTCJI o6ono'le'IHOB no

npasi<oi nepsoro nopJIAK&. B o6w'IHbiX o6o3Ha'leHHJIX / ·l' 

nocneAHJIJI senB'IHHa HMeeT BllA 

f 
oR ~. :I :I 1 i- J < g (t) de). 

-!Xl 

no npon»taM <. < ,\ 181 
I 

H HeBTpOH&M 

3,1\eCL fi 03H&'I&eT C06CTBeHHble 3H&'IeHHJI O,AHO'I&CTH'f· 

Horo onepaTopa 

r({3,iJ)=t- • w• 
' -

j + v ( {3 • (~ ) ' 191 

r,l\e t - 0,1\HO'I&CTH'IH&JI KHHeTH~CK&JI 3HeprHJI, j - 0.1\HO

'IaCTH'IHbiB yrnosoi w:ow:eHT H ·v- cpe,AHee none. Bee oc

T&nLHble BenB'IHHbl B ypaBHeHHH 181 onpe,AenJIIOTCJI , K&K 

06bi'IHO, 'lepe3 3TH 0,1\HO'I&CTH'IHble "3HeprHH". 
- - ~ H 

B npHH.uHne, "rna,lli<He" senB'IHHbl R H V CBJI3&Hbl' · · 
1 

C "rna,llKOB" 'I&CTLIO o6ono'le'IHOB M&TpH.Ubl nnOTHOCTH, 

COOTBeTCTByJOmei 0,1\HO'I&CTH'IHOMY onepaTopy r.B npHno

)l(eHHJIX TeOpHH He06XO.l\HMO C,AenaTL, K&K 3TO 06bi'IHO ,lle

naeTCJI s 3a.q_aqe 6e3 spameHHJI, KOHI<peTHoe npe,llnono)l(eHHe 

o sue R H V. llpH ~ = 0 3TH senB'IHHW cosna,llaJOT c o6wq

HbiMH 3HeprHeB :>KHAKOB KannB H noTeH.UflanOM o6onO'Ie'IHOB 

MO,IlenB COO,TBeTCTBeHHO. . . , 

Jleri<o ~onyqHTL JIBHoe swpa)l(eHHe ,!lnJI cllYHK.uHH I( (3,w) • 
H3 ypasHeHH#. IS/, 11 I H 181 nonyqaew: 

rAe 

6 

--~ • • - Jo 

I({3.~)= I(/3.~)+ ,81({3.~). 1101 

:; .... ) I(f3,w=- ?R({3 '~~ 
a~ 

1111 

' ••• 

·' 

' i 

~ 
;~\' 

:~ 

1 
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\ 
I 

t 

Bitf3,w)•- a(BR(,8.~)) 
aC:: 

- 1121 
.... 

I I < j a·v > -! ni<j 
... i i aw 

a v >. ). -·--I 

no npoToHaM <i < ,\ 
H HeBTpOH&M 

a,;; 

- /4/ 
3,1\eCL 0 i - "rn&,lli<He" 'IHCna 3&DOJIHeHRJI • 

B 3&ICJDO'I:eHHe :noro pa3.1lena sepHe:wca I< npeAOon_p)l(e

HBJO, CAen&HHOMY swme, o BWDYJUIOCTH cllYHK.uRH E ( {3 , I ),Ko

Topoe -Heo6xoARMO An• npRMeHeHBa MOAeJIR npHHYARTenL

HOrO spameHHB.IEcJIR OHO _\f&pymaeTCJI, TO 6y,l\yT CYmeCTBO

B&TL Hei<oTopwe 3Ha'l:eHHJI I ,!lnJI KOTopwx H3 ypasHeHail31-

151 MR~MYM. 121 He nonyq:aeTCJII. B DpRnO)I(eHHH DOK&3&HO, 

'ITO 6onee CDeiUI&JIR3HpOB&HHble CBO:ii:CTB& cllYHKIUIH R ( {3, w), 
onpe,l\enaeuwe 17 I-191, cos:uecTHO c HeJIBHW.V npeAnono

)l(eHReM 0 nn&BHO:ii: 3&BHCHMOCTH DOTeHl{Hana V({3,w) OT 

~ s Ae:ii:cTBRTenLHOCTR o6ecne'I:RBaiOT swnyi<nocTL E ( {3 , 1) • 
B 3TOM c:uwcne pa3BRBae:uaa TeopRJI BHyTpeHHe cornaco

BaHa. 

C ,llpyro:ii: CTOpOHbl, MO:>KHO ce6e ope,l\CT&BHTL DOnO)I(e

HBe, I<Or,lla_"rn&,l\K&JI" DnOTHOCTL 'I&CTH.U R,cne,l\OB&TenLHO, 

DOTeHl{Han 'V ({3 , <,:i') 1101 MeHJIIOTCJI CK&'I:K006pa3HO C R3· 

MeHeHHeM w.TaK&JI ~HTYA.UHJI B03HHK&eT B cnyqae ,1\eTep

MHH&HTOB Cne:ii:Tepa, DOA'I:RHeHHWX T&KHM CBJI3JIM, 'I:TO 

I<Ba,l\pyDOnLHbl:ii: MOMeHT Q2 HMeeT ODpe,l\eneHHOe 3Ha'leHRe. 

TorAa s BApax o6nacTH &KTHHil.l\OB KpRsaa JHeprHH Aecllop

Ma.uHR He JIBnJieTCJI BbiDYI<nO:ii: H& 6apLepe Me)I(Ay nepBbiM 

H BTOpbiM MHHHMYM&MH, 'ITO, DpRBO,IlHT I< pa3pb1BHO:ii: 3&BHCR· 

MOCTH O,llHO'I&CTH'I:HOrO DOTeHl{H&na OT COOTBeTCTBYIOmero 

MHO)I(HTena JlarpaH)I(a. 

B DO,Il06HO:ii: CHTYA.UHH, OTHOCJime:ii:CJI I< yrnOBOMY MOMeH

TY, 6wno 6bl He06XO.l\RMO Bbl:ii:TR 3& p&MKH MO,IlenB DpRHYAH· 

' TenLHoro spameHRJI H paccuaTpRB&TL npH6nH)I(eHRJI He

nocpeACTBeHHo I< 121. • 
,nn .. swnyi<noi E ( {3 , I ) cllYHK.URJI 

A A ~ 4 

E (I) = inf I < H > I I < l > I = I I = inf IE ( {3, I) II I I =I I, 1131 

ODHCbiB&IOil{&JI "Hp&CT"-nonocy, JIBnJieTCJI MOHOTOHHO:ii:. Jlo-
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JCAn.LHWe MBHBMYMW B.llOn.L "BpacT"·nonOCW B ,llaHHOBMO,lle· 
nB BCIUDO'IaiOTCJI. 

-
3. 3aaucu.woc•b R u V o• 

_, 
w 

- -
Kax R, Tax a V, s npBHilBDe, 3aBBCJIT oT yrnosoi 'lac-

TOTW ~ . 3Ta 3aBBCBMOCT.L DpOBCTeJCaeT OT 3aBBCBMOCTB 
r({3 ,w) OT w' B ycnoBBJI cawocornacosaHBJI CTpyTBHcxoro 

p = p • 
~ sh 

r,lle sena'IBHa cnpasa 03Ha1faeT ycpe,llHeHHYJO 'laCT.L nnoT
HOCTB 'laCTBI{ B o6ono1fe'IHOB MO.lle,!IB P.!'h · C :noi TO'IKB 
3peHBJI npocTwe npe,llnonmKeHBJI o V B R, cornacao KoTo
pww V ae 3aBBCJIT OT w, a 3asal:swocT.L R OT w onpe

,llenJieTCJI 'lneHOM -1/2 j rig w 2 C TBep,llOTen.LHWM MOMeHTOM 
BHepi{BB, COOTBeTCTBYJOT CBTYallBB, KOr,llaDpeae6peraeTCJI 
CDBHOM HYKnOHa, .llBYX'IaCTB'IHOe B3aBMO,lleBCTBBe aDDpOK· 
CBMBpyeTCJI He 3aBBCJIII{BM OT CKOpOCTB nOKan.LH:WM DOTeR· 
naanow a nepepacnpe,llenease Jl,llepaoi waTepas s neaTpo-
6elKHOM none C'IBTaeTCJI npeHe6pelKBMo wanww. 01feBB.llHO, 
'ITO 3TO .llOBOn.LHO rpy6we ynpoll{eHBJI. B 3TOM pa3,llene 
06Cy)I(JlaiOTCJI HeKOTOpWe .llODOnHBTen.LHWe 3cP)eKTW, 803-
HBKaiOII{Be nps 6onee peanscTB'Iecxax npe,llnonolKeHBJIX o 
Jl,llepHoi cacTewe. 

06cy)I(JleHBe 6y,lle~ ,llanexo He DOnHWM. B OCHOBHOM ero 
cne,llyeT paCCMaTpBB8.T.L TOn.LKO HaMe'laiOII{BM KOHTypw 6y
JlYII{BX 6onee CBCTeMaTB'IeCKBX BCCne,llOBaJIBB. 

Bw6epew s JCa'lecTse .llBYXTen.LHord B3aBMO.lleiCTBBJI 
KOpOTKO,lleBCTBYIOII{Be CBnW CO CDBH·06MeHHWM B CDBH· 
op6aTan.LHWM 11neaawa 

__. ~ 4 4 ~ __._,. 

v 12 =-o(r
1 

-r
2

)(a +f3s
1
.s

2 
)+y(vo(r

1
-r

2 
), 

(p.-p2 ), -> -> 

(SI+ s2)). 

/3.lleC.L Vo 03Ha1faeT rpa,llBeHT ,llen.LTa·cllyHKI{BB BBCD0n.L30· 
saHo o6w'IHoe o6o3Ha1feaae ,llnJI cwewaaHoro npoB3Be,lleHBJI 

8 

·~ 

I 

Tpex sexTopos/. ,D;ena• xnaccB'IeCKBe npB6JIIDI(eHBJI ,llnJI 
"rna,llKoi" DnOTHOCTB B ycpe,llHeHBJI DO BMnyn.Lcy B CDBHY 
BTOpOB 'laCTBI{W, nonyqaeM B Ka'leCtBe COOTBeTCTBYJOII{ero 
O.llHO'IaCTB'IHOrODOTeHnBana 

- -+-+-+ --+ ..... _,. 
V(r,p,s)=-p(r)(a+f3<s>·s )+ 

-+- .... -+-+ -_,. -) -+ 
+yl (V p(r),p, s)- rot (p(r) <p>)·s-

-rot ( p (r') < s >) • p - div ( p-(fj < [ p, s ]> ) l. 

BuyTpB Jl.llpa ww ,llenaew 3aweay 

- -> 4 7T 3 -I 2 3/2 
p ( r) = coost = p = ( - r ) = - ( 2 M c ) 

0 3 0 3rr2 F' 

-> -> -> 
<p>=M[w,r], 

-> 
< s > = const _ 

-> 

so, 

__.-+ -+ 4 

<[p,s]> =[<p>,<s >]. 

/14/ 

/15/ 

/16/ 

/17/ 

Tor,lla nonuwi onepaTop r .fyp. /9/ I cTaHOBBTCJI paBHWM 

2 
r - p -2M-+vo-;.£ 

r,lle 

-> -> 
- w • s 

s 

'V0 =-p (a+2yMz;.; ), 
0 0 

-> -> w =0+2yMp )w +f3p
0 

s 0 s 0 

/18/ 

/19/ 

/20/ 

B npa6nu)l(eHHH Towaca-«<>epwa op6aTanLHaJI 'laCT.L xo-
psonscosa B3aBMO,lleBCTBBJI , Veor ~" - w • p: DpBBO.llBT 

9 
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1< CJU~Rry -' 9i cpe,IUiero RMnym.ca q)·>. Pe3yJIJoTaT AaeTCJI 
ypaBHeHRe.w 1151. PacnpeAeneuRe HYI<nOHOB nonpocTpau
CTBeuuw.w R CnRHOBWY I<OOPARHaTaY onpeAenJieTCJI 3c)clleJ<· 
TRBHWY noTeHIUianOM 

vef( 
1 ->->2 ->-> 

= V - - M [w r] - w • s 0 2 , 0 

TpeTRB 'IJJeH B 3TOY BWpalKeHRR R npRBOJUIT I< CDRHO· 
soi non.llpR3aiUIR 

-> . -> 
_. __, 1 ws dpo(frl__ 3 ws 

s 0 ,<s >= 4 - d = 8--. 121/ 
__~ Po fF fF 

ilOACTaBnJIJI BWpa)l(eHRe 1211 B 1201, nonyqaey 

--> 
(l) 

s 

1+2yMpo ~ 

3 f3 Po 1---
8 (F 

ilOCJ<OnhJ<y RMnynhCHOe pacnpeAeneHRe R30TpOnHO BO· 
l<pyr < p > npR J<a~OY HanpasneHRR CnRHa, Bee ypaBHeHRJI 
1151-1171, Tauw: o6pa3oM, nOATBep~aJOTCJI a posteriori. 

Tal< J<aJ< npR w ~ 0 TpeTRi 'lneH B /141 JIBnJieTCJI npOCTO 
06WJ<HOBeHHWM 04HO'IaCTR'IHWM CnRH·op6RTanhHWY nOTeH· 

uano.w, To 
9

/ YPo i r 6 ::: 20 M3B. :6~.11 a Po = 45,M3B, 
{3ia= 0,7, J<aJ< B cnyqae eRn CJ<Rp:waiii, R l F = 37 M3B, 
nonyqae.w 

w,.. iw -::.3,3. /22/ 

TaJ<RM o6pa30M, CDRH·06MeHHoe R CnRH·op6RTanhHOe 
B3aRMOAeicTBRJI npRB04JIT 1< 3Ha'IRTenhuo.wy ycRneuRJO 3cP
cPei<TRBHoi yrnOBOi 'laCTOTW W s B CnHHOBOi 'laCTR I<OpRO· 
nRCOBa B3aRMOAeiCTBRJI. Jionee TOrO, CnRHOBaJI nonJipR· 
3aiUIJI AaeT B1<na4 B YOMeHT RHepiUIR : 

1 • --> 
spin ~, As ol (;; = l_ ws. 

RnR 2,2A -2. 3 8 61 

BJ<n~ B V 0 

A -1 
-- -:.. 0,033A M::JB , 

f 

F 5/3 -1 
YMHO.)I(eHHoe ua 1ri,v;:::: 0,015A M3B . 
I 1 9/, 3aBRCJIIQIIi OT w , 

10 

-· -2y M' ·• 3 My Po w. s 
0 

= _ _ Po 4--
(F 

w s 2 --w 
ell 

-4/3 
=- 0,042 w 2M3B -1'2.- 50 A M3B 

npeue6pe)I(HMO .wan /uepaseHCTBO nonyqeuo ua ocuose 
oneHJ<R (<) ':.. ( A/2) I 1 r•g • BWTeJ<aiOII.lei R3 npR6nR3RTenhHOro 
swpa)l(eHRJI' IO, MJI sepxuero npeAena: I:S A/2 npu A :)00/. 

IJ.eHTpo6e)I(HWi noTeHIUian 

. 1 • -· 2 
V "' - - M [ (d , r ] 

d 2 

npRB04RT 1< nepepacnpeAeneHRIO .114epuoi MaTepRR • .D;n.11 
oneuJ<R 3Toro 3c)clleJ<Ta npR6nR)I(eHRe To.waca-cl»ep.wR uenpR
roAHO. Hy)I(Ho yqecTh J<opoTJ<OAeicTBYJOII.lRe OTTannsaTenh
uwe CRnw, J<OTopwe o6ecne'IRBaiOT uacwll.leHRe JIAepuoi 
MaTepRR. 

H3MeueuRe nnoTHOCTR AaeTCJI BWpalKeHReM 

A- V 
!:~_f_u_ = _. --~--

/ ' Po 1;9K 
'9' rAe K ·.:. 130 M3B - C)I(RMaeMoCTh .114epuoi .waTepHR · ' • 

KOHCTaHTa A onpeAenJieTCJI RCX04JI R3 TOrO Tpe60BaHRJI, 
'ITO cpe4Hee R3MeHeHRe AaBneHRJI no nosepXHOCTR JIApa 
/~<oTopoe nponopiUIOHanhHO p -Po I AOn)I(HO paBHJIThCJI HynJO. 
I3TO ycnOBRe COOTBeTCTByeT TOMY, 'ITO B BW'IRCneHRJIX 
no MeTOAY CTpyTRHCJ<oro o6onoqequwe nonpasu Y'IRTW
BaJOTCJI JIBHWM o6pa30M, Tal< 'ITO B "rn~J<Oi" 'laCTR nnOT· 
HOCTR 'laCTR.U TOnhJ<O o611.lRi MHO)I(RTenh AOn)l(eH cooTBeT
CTBOBaTh paBHOBeCRIOI. llonyqaeM, Tai<RM o6pa30M, 

P -p0 9 M __, -• 2 2 2 2 -p-- = y K ( [(d ,r l - 3 w R ) 
() 

R, cneAOBaTenhHO, 

I p-po I < 

Po 

3MR
2 

w 2 

K 
::: 0,00075A 213 

w 2M3B- 2$. A-·2!~ 

tl 
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0TMeTBM, 'ITO l.\eHTpo6e>KBwe CBHW DpBSO.IUIT K 06IQeM}' 
paCTJDKeHBIO Jl,nepHOi MaTepBB, COOTSeTCTSYJOIQeMy /npe
He6pe)I(BMO ManoMy/ so3pacTaHBJO pa,nsyca 

R-Ro 

Ro 
~ MR2 w 2 I K :: 0,0001A

213 
w2 <A - 2

:
3 

5 -

3To nepepacnpe,nenease .11,nepaoi MaTepss TaK)I(e npsso,nsT 
K SKna,ny S :JclxlleKTBSHWH MOMeHT BHepi.\BB, npODOpi.\BOHanL
HOMY (v'l. • MaKCBManLHWi DOpJI,nOK senB'IBHW KOTOpOrO pa
sea A-'l.,t:l 1rig . 3TOT sxna,n cpasHBM, cne,nosaTenLHO, c 
1 spin ___gpB MaKCBMaHLHWX CDBHaX, HO S OCHOSHOM OH 
3Ha'IBTenLHO MeHLWe- S CBny KBa,npaTB'IHOi 3aSBCBMOCTB 
OT (a • TaKBM o6pa3oM, BnBJIHBe nepepacnpe,neneHBJI Jl,nep
aoit MaTepaa s l.\eHTpo6e)I(HOM noTeHI.\Bane, soo6IQe rosop.11, 
MO>KBO C'IBTaTL DpeHe6pe)I(BMO MaHWM. 

~0 CBX nop paccMaTpBSanCJI TOHLKO 061teMHWH :JclxlleJCT. 
Ha DOSepXHOCTB S CSJI3B C 6WCTpWM B3MeHeHBeM DnOT
HOCTB S03HBKaJOT ,nononHBTenLHWe :JclxlleKTW. PaCCMOTPBM 
s xaqecTse npaMepa cnaraeMoe s swpa)l(eHBB /14/ 

- ~ ......, ....., 
- y rot ( p ( r ) < s > ) • p 

B npe,nDOHO>KliM, 'ITO CDBHOBaJI DHOTHOCTL YMeHLWaeTCJI 
pasHOMepHO OT 3Ha'leHBJI p OS O SHYTPB .. ,npa ,no Hyn .. CHa
py)I(B sa BHTepsane nop .. ,niCa TOniQBHW nosepxaocTHoro cno .. 
t -:::. 3 ~PMU. Tor,na sxna,n S op6BTanLHOe ICOPBOnBCOSO 
noiie s nosepxaocTHOM cnoe pasea 

r.ne 

e 
s·v cor 

... 
=-ow ... f • f , 

!:> ... Y Po ... 3 Y P0 ws Z 0,27 ... uwe =-so =s--::;-- = --ww 
tR tR w ( F A 

Tax xax ,nn.11 ayxnoaa sepo .. THOCTL Ha.XO,nBTLCJI s no
sepxaocTBOM cnoe npa6na3~TenLH~ pasaa j-(t/(..lrR ))::3,sA-1,~3 
~KTBSBOe OTHOWeBBe Owf K w paSHO DPJ16'nB3BTenLHO 
A-21~ Ta:rcau o6pa3ou, 3TOT 34Nlle:rcT npase,neT :rc ue6onLWo-

12 

MY B3MeHeHBIO DOTeHI.\Bana Ha DOSepXHOCTB B K BOSOMY 
SJCna,ny S MOMeHT BHepi.\BB, OTHOCBTenLHWB DOp.ll,nOK KOTO
por:o pasea A -2. ~ 

llosepxaocTHWit sxna.n s w s , nonyqeaawit aaanoraq
HWM o6pa30M, BMeeT TOT )l(e CaMWH OTHOCBTenLHWH DOp.ll
,nOK senB'IBHW B, cne,nosaTenLHO, Meaee Sa)l(eH, 'leM 6onL
woit 061teMHWH SJCna,n S TY )l(e . CaMyJO senB'IBHY_ /22/. 

Bs.nao, TaJCBM o6pa30M, 'ITO ,nn.11 noTeHI.\Bana V pac
CMoTpeaawe 3clxlleJCTW MOryT 6WTL npe,nCTasneHW 3cWleJCTBS
HWMB yrnoswMB qacToTaMB (i>e B ws . Cne,nyeT OTMeTBTL, 
'ITO 'IBCneHHO OHB pa3HB'IHW B BMeJOT /pa3HB'IBYJO/ pa
,nsanLHYIO 3aSBCBMOCTL. Bna.IIHBe 3TBX :JcWlexTos aa o6o
no'le'IHYJO nonpasxy Tpy,nao npe,ncJCa3aTL aa ocaose npo
CTWX JCa'lecTseaawx oueaoJC. Hx cne,nyeT paccMaTpBsaTL 
xaJC o61teKT 6y,nyiQero 'IBCneaaoro B3y'leHBJI. 

qTo xacaeTc.ll sens'IBHW R, TO see :JclxlleJCTW ,naJOT nono
)I(BTenLHWi Skna,n S MOMeHT BHepUBB. Cpe,nB 3TBX Skna,nos 
uas6onee Ba)I(HW Te, JCOTopwe .IISH.IIJOTC.II pe3ynLTaToM o6-
IQei non.llpB3aUBB cnsaa ayxnoaa. 3TH sJCna,nw ,noxo,n.IIT .no 
::: 3,21rig A - 2· 3 BHB ,no :::0,1 1 rig S pe,nK03eMenLHOH o6-
nacTB. TaJCBM o6pa3oM, o6w'laoe npe,nnono)l(eHBe o TOM, 
'ITO cpe,nuee nose.nease "spacT" -nonocw onpe,nen.ReTC.II 
TSep,noTenLHWM MOMeHTOM BHepi.\BB, H~.naeTC.II S ICOppex
UBB S CS.II3B C DOHJipB3aUBei CDBHa HYKHOHOS. 

H3MeHeHBe MOMeHTa BHepi.\BB, DO CYIQeCTSY, DpBSO,nBT 
TOnLKO IC nepeBHTepnpeTaUBB paCC'IBTaHHOrO "penLefila" 
3HeprBB ,nelbopMaUBB, KaK OTHOC.IIIQerOC.II IC HeCJCOHLKO ,npy
roMy 3Ha'leHBJO cnsaa I . 

4. 3aK/UO'feHue 

Ta:rcBM o6pa30M, sw'IBcnease 3Heprss spaiQaJOIQerocJI 
.11,npa E(f3,i) cso,nsTCJI JC swqscneHBJO 41YHKI.\BB R(f3,(;) 
/7/ B CDBHa Jl,npa f(f3 ,(,;} /10/ DPB onre,neneHHOH 'laCTOTe 
spaiQeHBJI w. CsJ13L 4lyuxusit E(f3,-) s R(f3,w) /4/ 
o.nHo3Ha'IHa, ecnB E ( f3, I) swnyxna • JCa:rc lbYHKI.\BJI 1 

Y cnosse SWDYKHOCTB liiYHKI.\BB E (f3 , I) o6c~aeTC.II 
S DpBHO)I(eHBB. 

fipe,nsapBTeHLHWe OUeHKB :JiblileKTOS, CS.II3aHHWX CO CDB
HOSOi nonJipB3ai.\Beit 6wcTpo spaiQ8.JOIQerocJI .&,npa, 3asscs-
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MOCTJ.IO cpe,AHero DOTeH:QB&JJ& OT yrJJOBOi 'I&CTOTW Bpa~e • 

HBJI H DepepacDpe,AeneaaeM JI,Aepaol M&Tepaa a ~eHTpo-

6elKHOM DOTeH~B&Jle, DOK&3&JIB, 'ITO 3TH 3!WieKTW B OCHOBHOM 

Manw. H3Meaeaae ~KTBBHoro MOMeHTa BHep:QBB ue 

DpeBOCXO,ABT 10~ OT TBep,AOTeJIJ.HOrO MOMeHTa BHep:QBB 

.AHJI JI,Aep pe,AK03eMeJJJ.Hoi o6nacTB. BnBJIHBe 3TBX 3!Wiex

TOB ua cpe,AHee Done :wo>KeT 6wTJ. Dpe,AcTaBJJeuo 3!Wiex

TBBHWYB yrJJOBWMB 'I&CTOT&MB W f B (;;s /CM. p&3,A. 3/. 
B Depawx opaeHTBPOBO'IHWX pac'leTax 3TBMB 31WleKT&MB 

YOlKHO Dpeue6pe'IJ.. 

B DpO~~ce H&CTOJI~ei pa60TW MW BMeJIB DOJle 3HWe 

o6cy>K,AeHBJI c KOJIJlera:wa B3 Bapmaaw, ~y6uw, KoDeu

rareua, Jlyu,Aa B Pocceu,Aopci)a. 0.ABH B3 aBTopoa /K.H./ 

6naro,AapeH 06'1oe,ABHeHHOMY BHCTBTYTY JI,AepHWX BCCJle• 

,AOBaHBi 3& roc1eDpBBMCTBO, OK&3&HBOe e:wy BO BpeMJI 

ero Dpe6waaH&JI a ~y6ue. 

llpUAoJtCeHue 

Ycnoaae BWDYKJJOCTB 
• 

~OK&>KeM, 'ITo y_paaueHBJI /7 I- /9/ a ycnoaae ueDpepwa

uol 3&BBCBMOCTB 'V ( {3 , wJ OT (;; o6ecDe'IBBaiOT BWDYK • 

JIOCTJ. 4»YHK:QJIB E ( {3 , ]), ODpe,AeJJJie:woi /2/. ~YHQBJI 
R ({3 ,w,), Do oDpe~eneHBIO, aoruyTa. A a:weuuo, 3To o6~ee 
Dpeo6pa30BaHBe Jle>K&H,Apa BWDYKJIOi o60JIO'IKB E ( {3 , l) . 
Cne,AOB&TeJIJ.HO, OCHOBHWM Tpe60BaHBeM JIBJIJieTCJI TO, 'ITO 

R({3,iJ) B 'V(f3 ,wj ,AOJI)I(HW 6wTJ. aw6pauw T&K, '1To6w o6ec-

De'IBTJ. 3TY BWD)'JCJIOCTJ.. -+ I 
B03MOlKHWe 3H&'IeHBJI I, M• KOTopwx E(f3, n OTKJIOH .. eT

c• OT CBOei BNDYKJIOi 060JIO'IKB, COOTBeTCTBYIOT p&3pW• .... .... 

BaM C!IYHK~ 1({3, w ). rpata'leCK&JI BJIJIIOCTp&:QBJI T&KOi 

c&Tya:QBB .A&Ha ua puc. 1. B DOKa3auuou TaM o,AHouepuo:w 

cnyqae I ( w) ,A&eTCJI a6c~accol TO'IKB xaca&&JI xpaaol 

E (I) a DpJIMOi c uaKJJouou w , KoTopaJI ae 3-Ae pacDono>Ke

Ha HB>Ke xpaaol • /Ecna. Taxa• xacaTeJIJ.H&JI aueeT 6onee 

O.AHOi TO'IKB K&C&HBJI, 4»YHK:QJIJI I ( w ) JIBJIJieT CJI MHOr03Ha'l· 

HOi B 3TOi TO'IKe/. B TO'IKe w = w O /eM. p&CyHOK/ 4»YHK:QBJI 

I (w) TepDHT pa3pWB B ee 3Ha'leuae cxa'IKoY :weHJieTCJI oT 

II ,AO 12 • 3TOT pa3 pWB OTpa>KaeT HeBWDYKJIOCTJ. E (I) B 
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I (w} 

I 

E 

I1 
E(IJ- w I(w) 
= R(w) 

.E(I} 

I 2 I 

reoMellpU'lecKaJI UAAIOc•paf4UJI coo•HoUieHUJI MeJtC(}y ae~ru
'lUHaMu E , R , I u w . 

BHTepaane I 
1 

< I< I 
2 

. 06paTHO, .ecna I( {3 ,C:> ) aeDpepwaaa 

npB BCeX (J, TO 4)yaK:QBJI E ( {-J, f) JIBJIJieTCJI BWDyKJIOB. 

B COOTBeTCTBBH C /10/, ]({:3, wJ ,AeBCTBBTeJIJ.HO Henpe-

pWBHa DpB BCeX TaKBX 3Ha'leHBJIX {3 B W, DpB KOTOpWX 

DOCJle,AHBB 3aDOJIHeHHWB ypOBeHL r ({3 ,w) JIBJJJleT CJI HeBWpO>K • 

,AeHHWM. Ho B nonaou .AetopMa:QBOHHOM npocTpaHCTBe 

MHO>KeCTBO 3Ha'leHBB (3, DpB KOTOpWX DpOBCXO,ABT TaKOe 

BLipO>K,AeH&e, o6pa3yeT MHO>KeCTBO Mepw HYJIL. /3aMeTBM, 

'ITO DOJIHOe DpOCTpaHCTBO ,AetopMa:QBii JIBJIJleTCJI MHOrOMep

HWM, ORO BKJIIO'IaeT BCe TBDW HeperynJlpBWX 4»opM. ~JIJI 
TaKBX BeperynJlpBWX 4»opM Jll06aJI CBMMeTpBJI BapymaeTCJI 

a, cne,AoBaTen~ouo, nepece'leBBJI yposueii ue npoacxo.ABT/. 

Taxau o6pa3ou, E ( {3, 1) JIBnJleTCJI swnyxnoii 4»YHKQ&eii 

f Be3,Ae, KpOMe 3TBX OC06WX 3H&'IeHBB (3 • 

15 
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llo onpe,AeneHHIO, WYHKI(HJI E(f3, l) JIBJIJieTcJI Henpe-

pwaHoii. Cne,Aoaa TeJI&Ho, E ( {3 , f) - BbiDYKJiaJI -WYHKI(HJI H 

DpH 3THX OC06b1X 3Ha'leHHJIX {3 · 
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