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BeeCJeHue 

H3BeCTHO, 'ITO MO,IJ,eJib npHHY.IJ.HTeJILHoro spall.\eHH.Il HHr

nHca/1/ Y.IJ.OBJieTsopHTeJILHO o6'b.IICH.IleT nose,IJ,eHHe 3Hepre

TH'IeCKHX ypOBHeB OCHOBHOB poTal.{HOHHOB DOJIOCbl npH y'leTe 

J!WieKTa KopHOJIHcosa aHTHcnapHBaHH.Il I 2/. llpe,IJ,cTaBJI.IleT 

HHTepec pacnpocTpaHHTb 3TOT MeTO.IJ. pacqeTa H Ha ,IJ,pyrHe 

poTal.{HOHHble DOJIOCbl, DOCTpOeHHble, HanpHMep, Ha B036y>K

,IJ,eHHbiX COCTO.IIHH.IIX BH6pal.{HOHHOrO THDa. 

H3MeHeHHe c yrnoBbiM MOMeHTOM spall.\eHH.Il KoppeJI.IIUH

OHHoii <i>YHKUHH poTal.{HOHHOB DOJIOCbl BH6pal.{HOHHOrO COCTO.Il

HH.Il ,IJ,OJI)I(HO OTJIH'IaTbC.Il OT COOTBeTCTBYIDll.\ero H3MeHeHH.Il 

KOppeJI.Ill.{HOHHOB <i>YHKUHH OCHOBHOB poTal.{HOHHOB DOJIOCbl 

H3- 3a HaJIH'IH.Il KOJIJieKTHBHOrO HepoTal.{HOHHOrO B036y>K,IJ,eHH.Il 

.ll,IJ,pa. Haii,IJ,eM cnHHOBYIO JaBHCHMOCTb KoppeJI.IIUHOHHoii <l>YHK

UHH raMMa-poTal.{HOHHbiX COCTO.IIHHB, paCCMaTpHBa.ll spall.\e

HHe Ha OCHOBe MO,IJ,eJIH HHrJIHCa, a BH6pal.{HH - B DpH6JIH>KeHHH 

XaOTH'IeCKHX 4>a3 /1/. 

§1. YpaeHeHue CJA.R KoppeA.RijUOHHou ~YHKijUU 
ZQMMa- pomaijUOHHOU nOAOCbl 

CornacHo MO,IJ,eJIH npHHY.IJ.HTeJILHoro spall.\eHH.Il 6y,IJ,eM 

paCCMaTpHBaTb .ll,IJ,pO KaK CHCTeMy 'laCTHU, HaXO,lJ,.Illi.\HXC.Il B 

caMocornacosaHHOM none, npHBe,IJ,eHHOM B Me,IJ,neHHOe spa-

11.\eHHe. B CHCTeMe KOOp,IJ,HHaT, CB.Il3aHHOB C DOJieM, Bpall.\a

IDli.\HMC.Il C 'laCTOTOB f1, raMHJibTOHHaH .ll,IJ,pa MO>KHO 3aDHCaTb 

B BH,IJ,e 

H,-, = H -ni 
l£ 0 X ' 

/1/ 
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r,IJ;e Dlx - cna6oe B03Myll.{enue, a H,
0 

- neB03MymennLiii 
raMHJILTOnHan 3a.ZJ;a'IH KBa,IJ;pynOJILnLIX KOJie6anHH JI,D;pa, 
KOTOpaJI MmKeT 6LITL pewena, nanpHM.ep, B npH6JIH)I(enHH 
xaoTH'Ie CKHX 4la3 I 3/: 

A - + 
H o = &, o + wvK BvKB vK' /2/ 

r,IJ;e & 0 =2~(f -A.)v 52 -G(~ U
5

U ) 2 - 3neprH.H ocnoonoro 
s ' s s 

COCTOJinH.H JI,D;pa, B:K (BvK) - on epa TOp pO)I(,IJ;enH.H /ynH'ITO-
)l(ennJI/ BH6pa:u;uonnoro <Ponona c qacToToii cc~vK H c KBan
TOBLIMH xapaKTepHCTHKaMH vK /3,IJ;eCL BLI,IJ;eJieno OT,IJ;eJILnO 
KBanToooe 'IHCJIO K - npoeK:u;H.H yrnoaoro MOMenTa na 
3-0CL BnyTpenneii CHCTeMLI KOOp,IJ;HnaT/. 

Y cpe.ZJ;nJIJI raMHJILTOnHan /2/ no O,IJ;no<PononnoMy neB03-
MymennoMy COCTO.HnHIO 

lvK> = B~K l!fo >' /3/ 

noJiy'IHM 3neprHIO B036y)I(.ZJ;enH.H JI,D;pa B BH6pa:u;uonnoM CO
CTO.HnHH: 

&;vK = &;0 + "vKwvK • /4/ 

qacToTa BH6pa:u;uonnoro <Po nona w vK onpe,IJ;eJIJieTcJI H3 ypaa
nenH.H 

1 
2~ 

2 2 q , (u v , + u , v ) (E +E , ) 
ss s s s s s s 

K ss 2 2 
(E + E , ) - wvK s s 

/5/ 

r,IJ;e q , = <sa I q 22 Is' a'> - MaTpH'InLie 3JieMenTLI one-ss 

2 2 1 f ,.-A. 
pa TOpa KBa,D;pynOJILnOrO MOMenTa, V s = 1 -til s ~ 2 (1_ E-)-

s 

- napaMeTpLI KanonuqecKoro npeo6pa3ooanug 1ioronro6oaa, 

E s = y (£ -A.) 2 + C 2 - 3neprug KBa3H'IaCTHIJ;LI, C - Kop-s 
peJI.HIJ;HOnnag cPYnKIJ;H.H. 

4 

'• 

• 

<l>ynKUHIO cocToJinHii raMHJILTonuana /1/ 
+ 

I v Kn > = B v K I «/! n > /6/ 

naii,IJ;eM B nepBOM nopJI,D;Ke TeOpHH B03Myll.{enHH OTnOCHTeJILnO 
- !1 I x • liy,IJ;eM nonaraTL, 'ITO npu ,IJ;OCTaTo'lno Me,IJ;nen
noM apall.{enuu .H,D;pa /no Kpaiineii Mepe ,IJ;JI.H Tex yrnoBLIX Mo
MenToB, KOTOpLie B naCTOJIII.{ee BpeMJI ua6JIIO,IJ;aiOTC.H 3KCne
puMenTaJILno ,IJ;JIJI raMMa-poTa:u;uonnLix nonoc/ ocTaeTCJI 
enpaoe,IJ;JIHBLIM ypaanenue /5/. 

BLI'IHCJIHM cpe,IJ;nee 3naqenue onepaTopa npoeK:u;HH yrno
aoro MOMenTa Ix no cocTo.HnHIO /6/ H H3 ycnoaug 

,. 
< v KD I I I v K!l > = J K 0 

X V 
/7/ 

noJiy'IHM BLipa)l(enue ,IJ;JIJI MOMenTa HHep:u;HH JI,D;pa B BH6pa:u;u
onHOM COCTOJIHHH: 

J - 2 }2 
vK - n;ivK 

l<nllx lvK>I2 

f - E K n v 
/8/ 

llonnaJI 3neprHJI B036y)I(,IJ;enus .H,D;pa onpe,IJ;eJIJieTc.H B ue
Bpai:u;aiOI:u;eiics CHCTeMe KOOp,D;HHaT: 

" 
f n = < v K!l I Hn + !1 I I v K!1 > = 
vK~' ~' x 

=&o+'\-KwvK+ 

2 
IU+l>-K 

2JvK 

/9/ 

Ypaoueuue ,IJ;JIJI Koppeng:u;uouuoii <llynK:u;HH apall.{aiOII.{erocJI 
JI,IJ;pa B BH6pa:u;uonnoM COCTOBHHH MO)I(nO nOJIY'IHTL C UOMOII.{LIO 
aapua:u;uouuoii npo:u;e,D;ypLI, npuMenenuoii K BLipa)l(enuro 3nep
ruu /9/: 

() 
--0 CJC vKi1 = 0. 

/10/ 

OrpaHH'IHBaJicL oeJIH'IHnaMH BToporo nop.H,IJ;Ka ManocTH 
DO B03Myll.{eHHIO, UOJIY'IHM ypaaneuue ,IJ;JI.H KOppeJI.HIJ;HOnnoii 
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4JyHKUHH poTaUHOHHOH noJIOCbl BH6paUHOHHOI'O COCTO.IIHH.II 

.IIApa 

1 1 -=I-
G s 2E

8 

_a_< 
ac 2 ~KwvK + 

2 
I<I+U-K) 

2JvK 
/11/ 

YpaaHeHHe AJI.II XHMH'IecKoro noTeHUHana MO)KHO nony

'IHTh H3 ycnoBH.II coxpaHeHH.II 'IHCJia qacTHU B cpeAHeM .. 
N = < vKO I N I vKf! > 

HJIH H3 onpeAeJieHH.II 

a 
N =- --&vKil • a A 

KOTOpoe npHBOAHT BO BTOpOM nop.IIAKe no B03MymeHHID K 

ypaBHeHHID 

2 a < N = I 2v - - llvK wvK + 
s s a A 

2 
I<I+U-K ). 

2JvK 

/12/ 

Mo>KHO noJiy'IHTh aHanorH'IHble ypaBHeHH.II AJI.II poTaUHOH

HbiX nOJIOC, OCHOBaHHbiX Ha B036y)I(AeHHbiX ABYXKBa3H'Iac

TH'IHbiX COCTO.IIHH.IIX. ~JI.II 3TOI'O BOCnOJih3yeMC.II npeAeJib

HbiM CJiyqaeM npH6JIH>KeHH.II XaOTH'IeCKHX 4Ja3, KOI'Aa HH

>Kaiiwee peweHHe ypaBHeHH.II /5/ 6JIH3KO K ABYXKBa3H'Iac

TH'IHOMY nomocy wvK .... E f 
1 

+ E f 
2 

H BOJIHOBa.ll lilYHKUH.II 

OAH04JOHOHHOI'O COCTO.IIHH.II nepeXOAHT B BOJIHOBYID4JYHKUHID 

ABYXKBa3H'IaCTH'IHOI'O COCTO.IIHH.II. B 3TOM npeAeJie CHCTeMa 

ypaBHeHHH /11/ H /12/ nepeXOAHT B CHCTeMy ypaBHeHHH 

AJI.II onpeAeJieHH.II KOppeJI.IIUHOHHOH 4JyHKUHH H XHMH'IeCKOI'O 

noTeHUHaJia poTaUHOHHOH noJIOCbl, nocTpoeHHOH Ha ABYXKBa-

3H'IaCTH'IHOM COCTO.IIHHH: 

1 1 a I<I +U-K 2 
I ---- -- ---- = 

G s~f f 2Es ac 2 
2JvK /13/ l 2 

2 
I 2v 2 - .2._ I<I + 1)- K N = 2 + 

s ~ fl f 2 
s a A 2JvK 

6 

llpH ·oTCYTCTBHH BpameHH.II ypaBHeHH.II /13/ COBnaAaiDT 

C H3BeCTHbiMH ypaBHeHH.IIMH AJI.II xapaKTepHCTHK C H A 
ABYXKBa3H'IaCTH'IHOI'O COCTO.IIHH.II C y'leTOM 3clKlleKTa 6JIO

KHpOBKH. 

H3aecTHO, 'ITO KoppeJI.IIUHOHHa.ll lilYHKUH.II C r
1 
r 

2 
ABYX-

'laCTH'IHOI'O COCTO.IIHH.II OCJia6JieHa no cpaBHeHHIO C OCHOBHbiM 

COCTO.IIHHeM 

c fl f 2 < c g 

BCJieACTBHe 3clKlleKTa 6JIOKHpOBKH, HHa'le H3- 3a nOJio:lKHTeJib-

HOI'O 3HaKa npOH3BOAHOH 

ypaBHeHHe /11//. 

a(() a 
ac2 _, ilcz-<Erl +Er2>>0 /eM. 

B ApyroM npeAeJILHOM cnyqae, KOrAa HH>Kaiiwee peweHHe 

ypaaHeHH.II /5/ MHoro MeHLWe nepaoro nonwca cd 1/K «E r
1
+h r

2
, 

MO>KHO BOCnOJib30BaTbC.II aAHa6aTH'IeCKHM npH6JIH>KeHHeM no 

'laCTOTe KOJie6aHHH H nOJIY'IHTb Bblpa>KeHHe AJI.II qacTOTbl 

Kone6aHH.II .IIApa I ·11: 

1 
2 2 

qss'(UsVs'+ Us,.Vs) 

-2I, E + Es' ss :Js 

WvK 

2I 
q 2 ,(u v ,+u ,v > 2 

ss s s s s 

ss, <E + E , ) 2 
s s 

H3 3Toro Bhlpa>KeHH.II nerKo 3aMeTHTh, 'ITO AJI.II AOCTaTO'IHO 

du1 
60JibWHX 3Ha'leHHH KOppeJI.IIUHOHHOH 4JyHKUHH HMeeM __ v~<O, 

ac 2 

'ITO npHBOAHT K yBeJIH'IeHHID KOppeJI.IIUHOHHOH4JYHKUHH BH6-

paUHOHHOI'O COCTO.IIHit.ll no cpaBHeHHIO C OCHOBHbiM COCTO.II

HHeM Cy > C g• 

B peaJILHbiX .IIApax napHwe KoppeJI.IIUHH BH6pauHoHHoro 

COCTO.IIHH.II MOI'YT 6b1Th YCHJieHbl HJIH OCJia6JieHbl B 3aBHCH

MOCTH OT CTeneHH KOJIJieKTHBHOCTH OAH04JOHOHHOI'O COCTO.II

HH.II. 
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§2. MoMeHm uHep~uu .ROpa e eu6pa~uoHHbJX 
COC1110JIHUJIX 

Bw'IHCJIHM MOMenT uuep:u;uu s.npa a o.nuocllououuoM co

CTOHHHH 131 Ha OCHOBe cllopMyJibl 181 MO,neJIH npuuy,nHTeJib• 

uoro apa~euus c yqeToM napuwx Koppens:u;ui. ~ns 3Toro 

Heo6xo,nHMO Bbi'IHCJIHTb MaTp!f'IHble 3JieMeHTbl onepaTopa 

npoeK:u;HH yrnoaoro MOMenTa I x • Ouu OTJIH'IHbl oT uyns 

,nJIH nepexo,nOB H3 o,nuoclloHHOrO COCTOHHHH 131 B COCTOHHHH 

BH,na 

IJI (K 
77 

, s 
1 

, s 
2 

, v 'K ') 
+ + + C , (a a B , , + 

51 52 v 5 1 r1 "2r2 vK 

1141 
v K v K 

+ I I D 1 -~ 2 2 + + B + + 
q1q2a1 a2 v1 Klv2K2 <;a1 q2a2 aq1a1aq2a2 vi~ Bv2K2>1¢o> 

c 3Hepruei ~ n (si, s 2 , v 'K') , a TaK:>Ke .nns nepexo.noa B 

,nByXKBa3H'IaCTH'IHble COCTOHHHH IJI (si , S 2 ) C 3HeprHeH 

~ n ( S 1, S 2 ) , B KOTOpbiX TaK:>Ke Y'IHTbiBaeTCH B3aHMO,neHCT • 

BHe KBa3H'IaCTHI.J; H clloHOHOB. Bbi'IHCJIHH HX, DOJIY'IHM Bblpa

:>KeHHe ,nJIH MOMeHTa HHep:u;HH H,npa B BH6pa:u;HOHHOM COCTOH • 

HHH: 

r.ne 

J - J(l) J ( 2) 
vK - vK + vK 

J(l) 
vK 

("X (-) )2 
. 2 ] 51 52 u 51 52 

4 I C 
5 5 515 2 t: ) 
l 2 "'n( 81• 8 2•v - wvK 

1151 

115'/ 

.x (+) .x (+) 2 
! ;:[]5I5v5

1
5 1,&55

2
-15

2
5 V5 2 51,&55 1 JI 

J( 2) 

vK I c 2 

5 5 51 5 2 
1 2 ~n(sl,s2) -wvK 

115 "I 

B npe.nenLHOM cnyqae, Kor.na Bonuoaas cliYHKI.J;HH o.nuo

cllououuoro COCTOHHHH nepexo,nHT B cliYHKI.J;Hro ,nByXKBa3H'IaC· 
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TH'IHoro ·cocTOHHHH, H3 Bwpa:>Keuus I 151 cne.nyeT cllopMyna 

,nJIH MOMeHTa HHepi.J;HH ,nByXKBa3H'IaCTH'IHOrO COCTOJfHHH: 

r.ne 

(I) (2) (2) 
Jr r = Jr r + J r + J r ' 

1 2 1 2 I 2 

(I) 
J 

£1 f 2 

("x u(-) )2 
2 ]5I52 5I52 

4 ~ c5 5 f f t: ) 
5 I 5 ~ f I f 2 I 2 I 2 ~ ( s l s 2 f I f 2 ) - c, ( f1 f 2 

MOMeHT HHep:u;HH OCTOBa s,npa, 

J ( 2) 

fl 

J( 2) 

I 2 

(
.X. (+))2 
)5f1V5fi 

2 
2 I C51 
5~£1 2 ~(sf2) -~(fif 2 ) 

(" X V (+) ) 2 
2 ]5£2 5£2 

2 I C r 
5~£ 2 

5 
l ~(sf )-~(ff) 

l l 2 

1161 

116 I 

H 116"1 

116"/ 

BKJia,nbl B MOMeHT HHepi.J;HH s,npa OT uecnapeHHbiX 'laCTHI.J; 

B COCTOHHHHX f ] H f 2 . 

Auanoraquoe awpa:>Kenue .nns MOMenTa uuep:u;uu s.npa 

B B036y:>K,neHHOM ,nByXKBa3H'IaCTH'IHOM COCTOHHHH DOJiy'leHO 

a pa6oTax I l- (j/. K co:>KaneuHIO, uenocpe,ncTaeuuoe cpaaue

HHe TeopeTH'IeCKHX 3Ha'leHHH MOMeHTOB HHep:u;HH C 3KCDe· 

paMeHTOM a cnyqae ,nayxKBa3H'IaCTH'IHOro B036y:>K,neuus 

H,npa 3aTpy,nHeHO H3·3a HaJIH'IHH CDHHOBOrO pac~enJieHHH 

ypoauei. 

Bwpa:>KeHHe ,nJIH MOMeHTa HHep:u;HH s,npa B BH6pai.J;HOHHOM 

cocTOHHHH I 151 .noaonLHO CJIO:>KHO .nns npoae.neuus qacneu

HbiX pacqeToB. Ero MO:>KHO ynpocTHTL: H3- 3a ueKorepeHT

HOCTH CJiaraeMbiX MO:>KHO npeue6pe'lb Bblpa:>KeHHeM 115'/. 
~anee OTMeTHM, 'ITO B3aHMO,neHCTBHe KBa3H'IaCTHI.J; H cllouo· 

HOB npH ,nOCTaTO'IHO HH3KHX 3HeprHHX B036y:>K,neHHH OKa3bJ· 

BaeT MaJIOe BJIHHHHe Ha KBa3H'IaCTH'IHble COCTOHHHH, a npH 

60JibWHX 3HeprHHX B036y:>K,neHHH MO:>KHO npH6JIH:>KeHHO 3aMe • 

HHTb 3HeprHH ~n(si,s 2 ,v) ua £ 51 +E52 + WvK· B 3TOM 
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npH6nH)I(CHHH Bblpa)I(CHHC ,D;nJI MOMCHTa HHep:o;HH JI,D;pa B BH6· 

paD;HOHHOM COCTOJIHHH clJopManbHO COBlla~aeT C clJopMynoii: 

,D;nJI MOMCHTa HHepD;HH OCHOBHOrO COCTOJIHHJI: 

J 2 ~, 

(" X ( -) ) 2 
Jss'Uss' 

/17/ 
ss E + E , 

s s 

B ,D;aHHOM npH6nH)I(CHHH, O,D;HaKO, Ha,D;O HMCTb B BH,D;y, "'TO 

napHble napaMeTpbi JI,D;pa OT nH"'Hbl OT COOTBCTCTBYIOID;HX na

paMeTpOB OCHOBHOrO COCTOJIHHJI BCne,D;CTBHe BH6pa:o;HOHHOrO 

B036y)I(,II;CHHJI JI,D;pa. 

§3. YcAoeuR -.ucAeHHbiX pac-.emoe. 06cyJKOeHue 
pe3yAbmamoe 

qHCneHHble paC"'CTbl 3HeprHH poTaD;HOHHbiX ypOBHCH OC

HOBHOH H y - BH6pa:o;HOHHOH nonoc npOBO,D;HnHCb ,D;nJI "'CTHO

"'CTHbiX JI,D;ep 168 - 174 Yb, B KOTOpbiX 3TH 3HeprHH H3Y"'CHbl 

3KCnepHMCHTanbHO OTHOCHTenbHO 6onee llOnH0/7/. B Ka

"'CCTBC O,D;HO"'aCTH"'HOH CXCMbl Mbl llOnb30BanHCb 3HeprHJIMH 

H COCTOJIHHJIMH, Onpe,D;eneHHbiMH B MO,D;enH C llOTCHD;HanOM 

Caxcoua- By,D;ca 181 /3oua A = 173 npH 3Ha1.feHHJIX napa

MeTpos ,D;eclJopMa:o;HH {3 20 =0,290 ; {3 40 =0 /. B pac"'eTax yqa

TbiBanacL /OT,D;enLHO ,D;nJI npOTOHOB H HCHTpOHOB/ BCe O,D;HO

l.faCTH"'Hble COCTOJIHHJI, ne)l(aiiJ;He B HHTepBane OT -25 ,D;O 

+5 AI3B. 3TO COOTBCTCTByeT Y"'eTy 60 npOTOHHbiX H 70 

Heii:TpOHHbiX ypOBHeii,pacnonO)I(CHHbiX CHMMeTpH"'HO OTHO

CHTenLHO nosepxuocTH ~epMH. KoucTaHTbl napuoro B3aH

MO,D;eii:cTBHJI ,D;nJI ueii:TpOHHOii Gn H npoTOHHoii Gz cuc

TeM Bbl6HpanHCb TaK, "'T06bl BOCllpOH3BCCTH 3KCnepHMeH

TanbHble l.feTHO- Hel.feTHble pa3HOCTH Mace JI,D;ep 19 I. Kou

CTaHTa KBa,D;pynonb-KBa,D;pynonLHOrO B3aHMO,D;CHCTBHJI K 

no,D;6HpanacL H3 ycnoBHJI cosna,D;eHHJI TeopeTHl.fecxoro 3Ha1.fe

HHJI 3HeprHH y - Kone6aHHJI C 3KCnepHMCHTanbHbiM 3Ha1.fe

HHCM H C"'HTanacb llOCTOJIHHOH ,D;nJI BCCX COCTOJIHHH poTa

D;HOHHOH nonOCbi. 

IlOCKOnLKY "'aCTOTa BH6pa:o;HH W H MOMCHT HHCpD;HH JI,D;pa 

J = J 0 + J p 3aBHCJIT OT HCHTpOHHbiX H llpOTOHHbiX XapaK-

10 

TepHCTHK JI,D;pa, TO He06XO,D;HMO O,D;HOBpeMeHHO peWHTb CHC

TeMy ypaBHCHHH /11/ H /12/ ,D;nJI onpe,D;eneHHJI HCHTpOHHbiX 

H npoTOHHbiX 3Ha1.feHHii xoppenJID;HOHHoii WYHKD;HH C H xu

MH"'CCKOrO llOTCHD;Hana A • TaKHM o6pa30M, COBMCCTHO C 

ypaBHCHHCM ,D;nJI l.faCTOTbl KOJJe6aHHJI /5/ HMCCM cne,D;yiOID;YIO 

CHCTCMY ypaBHCHHH: 

1 
G 

n 

1 

GP 

f\l 
·' n 

N 
p 

1 
K 

n 
~ _1_ a 
s 2E - -2(0 vK wvK + 

s acn 

2 
I<I+U-K ), 

2JvK 

p 1 
~----
s 2Es 

- a < ac 
2 

"vK w vK + l..U_ + 1) - K
2 

p 2J ) ' 
vK 

n a 
~ 2v 

2
- -- (n vK wvK + 

s s a,\ n 

P a 
~ 2v

2
- --(nvK <tJvK+ 

s s r),.\ 
p 

2 
_!_~_:-_!S__)' 

2JvK 

2 
~__!!__:._K_) ' 

2J vK 

q 2 ,(u v , + u , v ) 
2 <E + E , ) 

2 L _:.::___:"-.:____::_~--s ___ s __ _ 
ss' ( E ) 2 2 E + , -<o 

s s 

/18/ 

~aHHaJI CHCTeMa ypaBHCHHH /18/ OTHOCHTCnbHO HCH3· 

BCCTHblX C 
0

, A 
0 

, C p , A p H w JIBnJieTCJI HenHHCHHOH. 

~nJI ee peweHHJI Mbl npHMeHHnH perynJipH30BaHHble HTepa

D;HOHHble npou;eCCbl THna raycca-HLIOTOHa/lO/ jcTaH,D;apTHaJI 

nporpaMMa COMPIL , 6u6nHoTeKa nporpaMM 011Jll1-

~y6ua C-401/. 

l13Meueuue KoppenJI:o;Houuou WYHKUHH B ocuosuou poTa-

rJ 
UHOHHOH nonoce onpe,D;enJICTCJI BenH"'HHOH -/i: Bp , KOTOac 
paJI ysenH"'HBaeTCJI C BpaiD;CHHCM H llpHBO,D;HT K OCna6neHHIO 
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~ 
napHbiX 'KoppemiUHH, 6onee 'IYBCTBHTeJihHOMY .ll.Jl.H HeHTpOH-

~ 
:s 

~ I :z: 
HOB CHCTeMLI y:>Ke IIpH MaJILIX yrJIOBbiX MOMeHTaX. B ceyqae I - ~ - ;r 
poTaUHOHHOH IIOJIOCbl BH6paUHOHHOrO COCTO.HHH.H B ypaBHe-

~ ~-- ~ 
ID IDC::S 

~ ~~c *~ ~'3 g. aw '0 '0 
'0 '0 '0 /18/ KOTOpbiH HMeeT TaKOH \ HH.HX yqacTByeT 'IJieH 

ac 2 ' \ ' \ :s t \ ' \ ' \ :s a \ !\1 --& \ ' \ ~Q, 

' 
:>Ke IIOP.H.IJ.OK BeJIH'IHHbl, KaK H 'IJleH ' H TaKyiO 

LJ\ \ 
~ ' I ~ ac 2 Bp 

>- \ \ 
.0 ' I :z: 
>-

' I !') 
3aBHCHMOCTb OT yrJIOBOrO MOMeHTa /CM. 1/. no 0 \ I ~ :>Ke puc. 

" .... 
' I :s 

\ I - 3HaKy 3TH IIpOH3BO)J.Hble MoryT OTJIH'IaTbC.H. Bcne.IJ.CTBHe 
\ I \ I \ I 3Toro B CHJlbHO KOJIJieKTHBH3HpOBaHHhlX COCTO.HHH.HX Ha-\ I N NJ 

\ I \ I 

~I~ 
6JIIO)J.aeTC.H HeKOTOpOe yBeJIH'IeHHe napHhlX napaMeTpOB, a B 

\ I - \ I -. "i" CJia6o KOJIJieKTHBH3HpOBaHHhlX - HX yMeHbWeHHe. C yBeJIH-- \ I 11 \I .. 
2: \I ::1: \1 'leHHeM yrnoBoro MOMeHTa Bpa~eHH.H napHble KOppeJI.HUHH - o:s B o6oHx cnyqa.&x 6onee pe3KO ocna6JI.HIOTC.H no cpaBHeHHIO 0 :s 

M N - Gi ~ l"l ~ ID on ~ M N d d :t C OCHOBHOH pOTaUHOHHOH IIOJIOCOH /eM. puc. 2/. ci 0 0 0 9 ci ci ci ci ci 0 

~ I 
TeopeTH'IecKoe 3Ha'leHHe MOMeHTa HHepUHH .H.IJ.pa, rrony-

:s qaeMoe B paMKax MO)J.eJIH HHrJIHca /c y'leTOM rrapHLIX 
(t) 

~ KOppeJI.HUHH/, Ha 20- 30lfo HH:>Ke 3KCIIepHMeHTaJibHOrO, II03-
- ::s .0 :z: 

TOMY Mhl BBeJIH HOPMHPYIOIUHH MHO:>KHTeJIL J =X J Teop I! ~ 
~;r X orrpe)J.eJI.HJIC.H H3YCJIOBH.HCOrJiaCOBaHH.HIIOJIO:>KeHH.HIIepBO-
I.J c::s 

ro poTaUHOHHOrO YPOBH.H c 3KCIIepHMeHTOM H OCTaBaJIC.H 

~- D 3

~~1 ~1 ~ ~ IIOCTO.HHHhlM B OCHOBHOH H BH6paUHOHHOH IIOJIOCe. 

t~\ VI ~ 
- l!c::s Pewa.& CHCTeMy ypaBHeHHH /18/ )J.Jl.H Ka:>K.IJ.OrO ypOBH.H IDol! 

' 
LJ >< :z: paccMaTpHBaeMbiX IIOJIOC, MO>KHO O:Qpe)J.eJIHTh IIOJIHYIO 3Hep->-

' N - ~ 

' .... .0 ~ rHro .H.IJ.pa: 
\ - . ,5 0 

0 ~ 
I<I+U-

. 2 
(t) 

& = &IK (0) + nv K 0 vK (I) + 
K 

~ 

~ ~ g ~~~ /19/ 
w ~ wu a 30' o o 

viK 
2JvK (I) '0 '0 '0 '0 '0 '0~ Q, (t) 

.0 \ 

\1\ \ IN 

' ' s:: 0 >- \ ' ~ 3.IJ.eCL BH6paUHH cuvK (I)' CD \ \ I .0 !\1 qacToTa MOMeHT HHepUHH 
ID \ \ I! ~ 

JvK (l) .HBJI.HIOTC.H liJyHKUH.HMH CIIHHa, a BHyTpeHH.H.H 3HeprH.H NI.J 
\ \ 0 I! 
\ I ~ 0 paBHa 

"i" 

'~ \l I 
";b \ I :s 

1 II ... \ I I.J 

.I 2: \' :s 0.. 
I - (t) o:l 

& <0) = 2 If v 2
- G<Iu v >2

-
0 1"10~1~ ' 

IK s s s s s s 

d l"l N d 
N M N .-; ..-:. /20/ 

ci 
"": ci d d 0 0 0 9 .~ (..; 

0 0 0 I 

- K 2 I I ..... ~ a 1(1 + 1) \ 
-A-(nvK° K(l) + '. 

I.J -
:s a>. v 

2JvK (I) ~ 
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TeopeTH'IeCKHe 3Ha'leHH.II 3HeprHH B036y:>K~eHHbiX ypoB· 

HeH .ll~pa, KOTOpble cpaBHHBaiDTC.II C 3KCDepHMeHTanLHbiMH 

3HeprH.IIMH, H3Mep.IIIOTC.II OTHOCHTenLHO BHyTpeHHeH 3HeprHH 

.ll~pa B OCHOBHOM COCTO.IIHHH: 

,g -, ~ - ~t: ..... I l (.) (.) ,g ~"" (.) :z: 
ElK = 0 -& (0). > 0 (.) 0 0 

0 I I .... > I I - ::s viK 0 
II'-

I I ~ 
I I ::t II'-

I I .... I I c::s 
Ha 3 npHBe~eHbl I! puc. pe3ynLTaTbl Bbi'IHCneHH.II 3HeprHH 

I I I 0 
l._cl CID I I '-C liD Q, pOTaD;HOHHbiX ypOBHeH OCHOBHOrO H y·BH6paD;HOHHOrO co-

._, I U/ I I 0 'D CTO.IIHH.II H npOBO~HTC.II cpaBHeHHe C 3KCDepHMeHTallLHbiMH 
U II/ I ... I •::i 

I I (.) I 
::S;:s 3HeprH.IIMH /7/, 

CD cD ::S:z: 
I I I ::ta.: CornacHe TeopHH c 3KcnepHMeHTOM ~n.11 3HeprH8 BH6pa-

I I :.:o 
I I :z:l!! D;HOHHOH DOllOCbl Toro :>Ke DOp.II~Ka, KaK H B cnyqae OCHOBHOH 
I 

~ 
I 

~ 
~g poTaUHOHHOH nonocbl. 

I I •::s \,) 
I I oo .lionee 'IYBCTBHTenLHbiM K H3MeHeHHID KOppen.IID;HOHHOH 

n : - I :z:!\1 .a 
00 :z:o !lJyHKUHH c opaJ.UeHHeM JIBnJieTC.II MOMeHT HHepn;HH .11~pa. Y~o6-1'1 I 

I I N "' N O:z: 
~ ~ I ::S:z: 

I 
HO HCCne~OBaTL 3aBHCHMOCTL OTHOCHTenLHOrO H3MeHeHH.II CO - I I - I I ::to 

(.) I I (.) I I a.:::s CDHHOM MOMCHTa HHepD;HH B BH6paD;HOHHOM COCTO.IIHHH ~::t 
0 0 

~a ~ ~ ~ CD ~ N N e ~ 
C) ~ N 

0 0 0 0 ...: ci d d 0 010 Jy<I'-K=I) -Jg(l) ... :.:::S ,g ..0 - 'D ~J(I)= /21/ > /(J 
0 > .._, -.c S! .c• ' CID ~'I .,.... N (.)I (.)I l!!;:o... Jg (I) ID (.)I II'- I I \,) .... 

I I I I o::s 
I I I I liD 

~ 
CID ::s I 

.. c: I I \,) I r~e J g (I) H JY<I'-K=D - MOMeHTbl HHepD;HH B OCHOBHOM 
(.) I I ::so 

I I 'D!\1 H y • BH6paD;HOHHOM COCTO.IIHHH .ll~pa npH COOTBeTCTBYIDJ.UeM 
I I c::so 

3Ha'leHHH yrnoooro MoMeHTa opaJ.UeHH.II I'- K =1. 3aMeTHM, cD C) C'l:Z: I lo. c: I 'D 
I (.) I a.:o 'ITO BenH'IHHa /21/ CB060~Ha OT HOpMHPYIDIUero MHO:>KHTen.ll 

~I (f 
C::S:Z: X. B ma6Aut~e q)\,) npHoe~eHbl pe3ynLTaTLI TeopeTH'IeCKHX 

~ ~ 00 
~ J (I = 0)' BLipa:>KaiDJ.UeH :z:>< pac'leToB oenH'IHHbl OTHOCH· 

::sc::s TenLHOe H3MeHeHHe MOMeHTOB HHepD;HH, COOTBeTCTBYIDIUHX 
~ 

I I 
s:::l,) 

QQ 

" jN CIO l>o HH:>KaHWHM ypoBH.IIM c I' - K = 0 OCHOBHOH H y-poTan;HoH-.., N 

2: II PI I I .~ 
HOB nonoc, H npooo~HTC.II cpaoHeHHe c 3KcnepHMeHTanLHbiMH II ~ C'iO - I I s::: 

(.) II (.) 
I I ;.i>( 

! 
3Ha'leHH.IIMH. 

0 0 ::s- H3 Bbi'IHCneHHH cne~yeT, 'ITO B CHllLHO 
~ N ~~ pe3ynLTaTOB 

N 3 CID cD ~ N N ~ 
CID ID 

ci 0 0 ...: 0 0 ci 0 0 ...: 0 0 KOnneKTHBH3HpOBaHHbiX O~Ho!lJOHOHHbiX COCTO.IIHH.IIX MOMeHT 

~ HHepD;HH yMeHLWaeTC.II ( 170 Yb), a B COCTO.IIHH.IIX C MeHee 

i Bblpa:>KeHHOH CTeneHLID KOnneKTHBHOCTH - yoenH'IHBaeTc.ll 

(l68yb, 174 Yb) DO cpaBHeHHID C MOMeHTOM HHepD;HH OC-

HOBHOrO COCTO.IIHH.II. CornacHe TeOpHH c 3KCnepHMeHTOM 
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MO)I(eT fibiTb ynyqmeHO, ecnH llpH BhJqHcneHHH MOMeHTOB 

HHep~HH BHfipa~HOHHOrO COCTOHHHH npHHHTb BO BHHMaHHe 

BKna.IJ. qneua I 15 "I, a TaK:>Ke yqecTb B3aHMO.IJ.eilcTBHe KBa3H

qacTH~ H 4JoHOHOB. 3TO llpHBO)l.HT K HeKOTOpOMY yaenaqeHHIO 
TeopeTaqecKoro 3Haqeuas J >: 

TeopeTaqecKoe 3Haqeuae MoMeHTOB auep~HH y -poTa

~aouuo:H nonocbl no3BonseT o~eHHTb KonneKTHBHoe rapo

MarHHTHoe OTHOWeHHe BHfipa~HOHHOro COCTOHHHH. B ma6AUije 
TaK)I(e npHBe)l.eHbl OTHOCHTellbHble BenaqHHhl H3MeHeHHH KOn

neKTHBHOrO rHpOMarHHTHOrO OTHOWeHHH llpH y-KonefiaHHH 
H.IJ.pa 

A 
g Y_ g 

n R 
g 

g n 

r)l.e g I! H g;; - KOnneKTHBHble rHpOMarHHTHhle OTHOWeHHS 

HH)I(aHWHX pOTaiJ;HOHHhiX ypOBHeH OCHOBHOH H y -poTa~uon
no:il nonoc. TaK KaK B nacTosi.Qee apeMs ei.Qe neT 3Kcnepu

MenTanLno H3Mepennhlx 3naqenu:H gh )l.ns paccMaTpuaae

MhiX S)l.ep, HaWH BhJqucnenHS )l.aiOT neKOTOpble npe)l.CKa3anus 

)l.llH 3THX Benuqan. H3 nHX MO)I(nO 3aKmoqHTb, qTo KOnneKTHB

noe rupoMarnaTnoe oTnowenue yMenLwaeTcs B BH6pa~uon

noM COCTOSnHH C fionbWOH CTenenbiO KOnneKTHBnOCTH. 

Ha pUC. 4 llpHBe)l.en rpa4JHK 3aBHCHMOCTH OTnOCHTenbnO

ro H3MenenHS MOMenTa Hnep~HH J y OT yrnOBOrO MOMenTa 

Bpai.QenHH 1211, H3 KOToporo cne)l.yeT, qTo MOMenT Hnep~HH 
BHfipa~HOnnoro COCTOSnHH fihiCTpee B03pacTaeT CO CllHnOM 

no cpaanenHIO C MOMenTOM Hnep~HH ocnoBnOH pOTa~Honno:il 

nonochl. 3To cornacyeTcs c 3KcnepHMenTanLnhiMH .IJ.annhiMH. 

0)l.naKO na)l.O HMeTb B BH)l.y, qTo npH onpe)l.eneHHH 3KcnepH

MenTanbnoro 3naqenas MOMenTa anep~HH y-poTa~aonnhlx 

ypoane:il HMeeTCH neKOTOpbiH npOH3BOn, CBS3annhiH C neB03-

MO:>KnOCTbiO yqeTa H3MenenHH qaCTOTbl BHfipa~HH H)l.pa H ero 

BnyTpenne:il 3neprHH C pOCTOM yrnOBOro MOMenTa Bpai.QenHS. 

Ha puc. 5 npe.IJ.cTaanenhl pe3ynLTaTLI BhJqacnena:H H3-

MeneHHH TeopeTHqecKoro 3naqeHHS qacTOThl BHfipa~HH C yr

llOBhiM MOMeHTOM Bpai.QenHH, KOTOpbie OKa3biBaiOTCH He CTOllb 
ManbiMH, qTofihl HMH npene6peqb. 
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B 3aKmoqeHHe OTMeTHM, qTo 34KIJeKT KOpHonHcoBa aHTH

cnapHBaHHR Y~OBlleTBOPHTellLHO OTIHCMBaeT TIOBe~eHHe po

TaUHOHHMX ypOBHeH y-BH6paUHOHHOrO COCTORHHR H H3Me

HeHHR MOMeHTOB HHepUHH TipH ~OTIOnHHTellLHOM BKJUOqeHHH 

B paCCMOTpeHHe 3aBHCHMOCTH qacTOTM Kone6aHHR R~pa OT 

BpallleHHR. 
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