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1. 0 nocmanoeKe 3aOattu u Memooe ee pewenu.R 

I' 
Pa3BHTaJI a o63ope · MHKpocKonuqecKaJI TeopuJI JI.LJ.ep-

HbiX poTa~HOHHbiX nonoc ll03BOnJieT, B npHH~Hne, OllHCbiBaTb 

B3aHMHYJO CBJI3b pa3nH'IHbiX MO.Ll. KonneKTHBHbiX JI.LJ.epHbiX 

ao36Y~.LJ.euui; a qacTuocTu, y'IHThiBaTb uea.LJ.ua6aTu'leCKHH 

xapaKTep Ka~.LJ.oro H3 o6bi'IHO paccMaTpuaaeMbiX "JneMeu
Tapublx" KOnneKTHBHbiX B036y~.LJ.eHHH. 

Ha 3TOH OCHOBe B pa60TaX ' 2 ,:l/ ' 6blna llOCTpOeHa 

MO.LJ.enb, B KOTopoi npe.LJ.no~eHbl npu6nu~eHHble ypaimeHHJI, 

onpe.LJ.enJIIOUUie KBa.LJ.paTH'IHO JaBHCJI~He oT yrnoaoro Mo

MeHTa nonpaBKH K KOnneKTHBHbiM napaMeTpaM, OTHOCJI~HMCJI 

K OCHOBHOH poTa~HOHHOH nonoce 'leTHO- 'leTHbiX JI.LJ.ep. ,lJ,anee, 

B pa6oTe /t/ .LJ.aHHaJI cxeMa 6blna pacwupeua c TeM, 'IT06bl 

BKniO'IHTb B paCCMOTpeHHe H poTa~HOHHble llOnOCbi, llOCTpo

eHHble Ha B036y~eHHbiX COCTOJIHHJIX HepoTa~HOHHOrO, KOn

neKTHBHOrO TUna /T. e. HH~aHWHe {J -H y - BH6pa~HOHHble 
COCTOJIHHJI/. 

HcXO.LJ.HbiH nyHKT Teopuu - JTO ycnoaue cTa~uouapuo
CTH "BHyTpeHHeH 3HeprHH JI.LJ.pa" OTHOCHTenbHO ManbiX Ba

pua~HH BOnHOBOH l)lyHK~HH ! cp >, BKniO'IaJO~eH B ce6JI cynep

ll03H~HH COCTOJIHHH, KOTOpble MOryT npHHa.LJ.ne~aTb OCHOB

HOH nonoce u uccne.LJ.yeMbiM BOJ6Y~.LJ.eHHbiM nonocaM: 

o/ch IO_i-h)lcf.> >~ o; /1/ 

a /1/: H- MHoro'laCTH'IHbiH JI.LJ.epHhiH raMHnhTOHHaH, B3JITbiH 

B BH.LJ.e H =Ho +H QQ+H Pair /eM. llO.LJ.p06Hee /2/-/5/ B pa-
6oTe II /,a h- MO.LJ.enhHhliraMHnhTOHHaupaccMaTpuaae-

* ,LJ,anee ~HTHpyeMble xax I u II, cooTaeTcTaeuuo. 
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MOrO llO,I\llpOCTpaHCTBa .R,I\epHhiX COCTO.RHHB / 4< OrpaHH'IHBa.R 
ce6.R OllHCaHHeM OCHOBHOB, a TaiOKe {3 H y BH6paUHOHHhiX 
nonoc, nonyqaeM 

h =( iJ + Kcf)I 2+ woB;OB20t w2(B;2B22 + B;_2B2-2 ), /2/ 

r,l\e nepBhiB 'lneH BOCllpOH3BO,I\HT 3Ha'leHHB 3HeprHB co
CTO.RHHB OCHOBHOB nonOChl, a OCTanLHhle qneHhl, CO.D;ep)Ka
~QHe onepaTophl cfJoHOHOB B2L · 5/ , nepe,l\aJOT 3HeprHH HH
)Kaiiwux f>- H y - BH6paUHOHHhl~ COCTO.RHHB. 

COCTOBHHB ! ¢> B /1/ pa3nH'IaeM Me)K,I\y C060B, BBO,I\B 
KonneKTHBHhle nepe MeHHhle apaiQeHaB/llr = ~ (R; I+ R; I ) a y v 0 -

f3uy Kone6aHHB/ 4/·r;,= 1 ~ (B;",+B 2 _
11
') 

r 1 + 0110 f1 =±11 r • r 

1 + 
-----.! (B .• -B , ) , 11 = 0,2, 
i(l +o ) w=± 11 

211 2.-11 
110 

r 
11 

H 3allHChiBaB HX cne.D;yiOIQHM o6pa30M: 

1¢> 
+ + T T T T 

=IM 1 M~M;>=exp!iM{v +i ~ (Mio+ M3 r 2) ll>. 
, T=± 

/3/ 

3,1\eCL ry H r+- onepaTOphl, 'leTHhle OTHOCHTenbHO o6pa
~eHHB apeMeha, a r;: /KaK a yrnoaoii MOMeHT I/ - He'leT
Hhle. 

0 COCTOBHHH 
cfJopMHpOBaHHOM/ 
cfJopMyn 

I> 6y,l\eM roaopHTb KaK o6 ocHOBHOM /Ae
cocTOBHHH. CMhlcn queen M 0 BH.D;eH H3 

I 

<¢!Ixj¢>=-M 1 =-v10+1) /4/ 

<- ¢jr±!¢>=±2M+ 
0 2 

< ¢ I r / i ¢ > -= ±4 M ! 

4 

Cpe.D;HHe OT npoH3BonLHhiX OAHO'IaCTH'IHhiX onepaTopoa B 
mo60M COCTO.RHHH MO)KHO HaRTH, ecnH H3BeCTHa MaTpHUa 
nnOTHOCTH 

+ + + + + + 
P ( M M - M - ) = < M M -M - I a +a I M I M -

2 
M 

3
- > · 

ij I 2 3 I 2 3 j i 
/5/ 

~nB npOH3BO,I\HhiX MaTpHUhl nnOTHOCTH BBe,l\eHhl 0603-
Ha'leHHB * 

+ + 
(k£ - m -) 

pi j 

+ + 
(M IM; M; 

1 
k e m 

a a a x 
~- ----:;:-r ± m 

k! £! m! aM 1 aM
2
- aM

3 

+ + 
xp (M1 M 2M-3 ), k =0,1,2; E = 0,1; m =0,1. /6/ 

+ + 
Cpe,I\Hee 3Ha'leHHe ll£> cocTOBHHJO I M 1 M2M-; > O.I\HO'Iac
TH'IHoro on epa Topa F = ~ (f ) 0 0 a 7- a 0 Bhlpa)KaeTCB cne-

0 o I] I J 
AYJO~HM o6pa3oM: 1! 

F 
++A ++ AA ++ 

·M
1
M2 M3 \F!M

1
M 2-M3>= tr{F·p (M

1 
M2M3 )). /7/ 

MeTo.D; Bhi'IHcneHHB MaTpH'IHhiX 3neMeHTOB onepaTopa F B 
C06CTBeHHOM 6a3HCe raMHnbTOHHaHa B,l\pa pa3BHT B pa6o-
TaX · 1 •2•41 • B cnyqae P .,.,(j 

211
_ .D;nB npaae,l\eHHoro MaTpaq-

Horo 3neMeHTa BHYTPH OCHOBHOH nonOChl HMeeM 

<lrg \IQ2 lllig>=<lrg IIQ2 !\I ig>ad x /8/ 

xll+ a2 [Ir0r+1)+1o(l.t-1)]-2y 
2 

y [1(1+1)- L)aof l. 
I I 3 4 I 

~ CooTBeTCTBHe c o6o3Ha'leHHBMH, npHH.RThiMH B I a II , 
rAe 'IHcna M2 H M3 He BBOAHnacb, a M t =M, o'leBHAHhl: 
p(Ob-p(OOO) ,p'.,.,pOOO), p'~p(200) H T.,l\. 
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a ~nJI cnyqaJI nepexo~os c sa6pauaoHH~x nonoc 1 41( x = {3 ,y) 

' I r g ! I Q. 2 I! I i x > ~ <- I rg II Q 2 11 I i x > ad x 

/9/ 
~ 

X I 1 t ~ [I {(If+ 1)- I . (I . + 1) 1 I . 
2 I I 

HH~eKc "ad "B /8/ u /9/ 03Ha'iaeT a~aa6aTH'ieCKHii npuse
~euu~a~ii MaTpH'iHLiii 3neMeHT o6o61l{euuoii Mo~ena a I 

_!__X= 
2 

~(Q2o·P(20ol) 
tr(Q~·-p (OIHD)--' 

211 

_1_ y 
2 

tr(Q 1200) 
. ~ 22 ·p ) 

tr (Q 
20 

\1100) ) • p 
./10/ 

B /10/: tr (Q 2o • fl (OIHI)) • Q o - BHyTpeHHHii KBa~pynonLHLiii 
MOMeHT B OCHOBHOM COCTOJIHHH, a - 06LI'iHO HCnonL3ye
MLIH B naTepaType/o/ !IJaKTOp, BLipa)l(aJOI.QHH CnHHOBYIO 3a
BBCHMOCTL B(E2) -!IJaKTOpOB nepeXO,IJ.OB B OCHOBHOH nonoce. 
Bena'iHHLI 

~~1=2Zo=\ ~ 
i tr (Q~ ( I I + 0) 

21 •p ) 

tr(Q (01 0) 
20 ·p ) 

.~ ~z ~ 
)' 2 

+ 
~ (I OJ ) 

itr(Q2I"P ) /11/ 
. ~ (001-~ 
tr(Q22 ·p 

- o6LI'IHO npHHJITLie napaMeTpLI ~nJI nepexo~os Me)I(~Y (-3 , 
y H OCHOBHOH nonocoii i(i . 

AHanoraquo /8/-/11/ BLipa)l(aiDTCJI MaTpH'iHLie 3ne
MeHTLI ~pyrax onepaTopos. B qacTHOCTH, H3MeueuuJI~/c 

M1 I onepaTopa cpe~HeKsa.n.paTa'iuoro pa~ayca JI.IJ.pa r 2 
nponopuaoHaJILHLI sena'iaHe 

"2 h o<r > = 2 .rr(r2 ·p(200)). /12/ 

KaK B B pa6oTax I B II, C'iHTaeM, 'ITO rnaBHLie uea.n.aa-
6aTH'IeCKHe 3cWJeKTLI B paCCMaTpHsaeMLIX JI,IJ.pax CBJ13aHLI 
C H3MeHeHHeM CO CnHHOM M I napaMeJpOB cnapHBaHHJI 
I!'!.. a ,\ I a KBa~pynonLHoro MOMeHTa I Q 

211 
, f1 = 0 a 2/. 
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)J;nJI. BLI'IBcneHBJI senB'IBH /7 I, o~HaKo, MLI He 6y~eM 
Haxo~TL caMy MaTpBU;y nnoTHOCTH /5/ H3 ypasHeHaii /1/, 
a npeo6pa3yeM /1/ K cacTeMe ypasHeHaii, onpe~enJIID~x 
npOH3BO~HLie OT paccMaTpHsaeMLIX KOnneKTHBHLIX napa
MeTpOB no yrnosoMy MoMeHTY - FM1 . 

Pac'leT KonneKTHBHLIX napaMeTpos spai.QaJOU.{erocJI JI~pa 
c y'leTOM Hea~aa6aTH'IeCKHX nonpasoK nposo~HTCJI B Tpa 
3Tana: 

1/ ci>HKCHpyiDTCJI napaMeTpLI MHOro'laCTH'iHOro raMHnL
TOHHaHa H no ~aHHLIM o KonneKTHBHLIX uepoTauaoHHLIX 
xapaKTepacTHKax JI~pa /eM. no~po6uee . B I a .'7/ /; sLJ
qacnJIJOTCJI KOnneKTHBHLie napaMeTpLI (Q0 , .1\ .A, ·· r 2 
MOMeHT HHepl.{BH j H T.~./ B a~aa6aTH'ieCKOM npu6nH)I(e
HHH; 

2/ pewaJOTCJI ypasueHHJI Mo~ena /eM., uanp., II : /16/ 
u I 17 I I OTHocaTenLuo BTOpLix npoH3BO~HLIX oT KonneKTHB
HLIX napaMeTpOB no MOMeHTy (M I) . 

3/ llposo~TCJI 'iHcneuuoe HHTerpuposauue ~nJI nony
qeuuJI 3Ha'ieHHH BLI'iHCnJieMLIX KOnneKTHBHLIX napaMeTpOB 
B CJie~yiDU.{eH TO'iKe no MOMeHTy; ~nJI nOBTOpeHHJI paC'ieTa 
C nyHKTa 1/, nepeHOpMHPYIOTCJI 3Ha'ieHHJI O~HO'iaCTH'iHLIX 
3HeprHii / :li H HCnOJIL3YffiTCJI Haii~eHHLie 3Ha'ieHHJI ~nJI 
.'\ (M I) H A (M I ) . 

llpaKTH'ieCKoe ocyll{eCTBneuue 3Toro anropHTMa no~po6-
uo onucaHo B pa6oTe. 7;. BLI'iHCJIHTenLHLiii npouecc BKnJO
qaeT peweuae ypasHeuaii csepxTeKy'ieii Mo~enu/5.' /onpe
~enJIIDI.Qae napHLie napaMeTpLI JI~pa/, ceKynJipHLIX ypasueuuii 
~nJI 'iaCTOT HH)I(aHWHX {1-u y - BH6paUHOHHLIX COCTOJIHHH I 5/ 
H ypaBHeHBH, onpe~enJIJOI.QHX BTOpLie npOH3BO~HLie KOJineK
THBHLIX napaMeTpos /3/. )J;nJI peweHHJI scex 3THX ypasueuuii 
npaMeHeua CTaH~apTHaJI nporpaMMa COMPIL -REGN /II{ ocHO
BLIBaJOI.QaJICJI Ha HCnOJIL30BaHHH perynJipHpOBaHHLIX HTepa-

;9 I 
UHOHHLIX npouecCOB THna raycca- HLJOTOHa· · · llpoueCCLI 
3TOrO Tuna OTnH'iaiDTCJI CBOeii yMeHLWeHHOH 3aBHCHMOCTLID 
OT Ha'ianLHOrO npa6nH)I(eHHJI H 6LICTpOii CXO~HMOCTLIO, 'iTO 
no3Bonano HaM pemaTL paccMaTpaaaeMLie ypasHeHHJI s 
aBTOMaTH'ieCKOM pe)I(HMe; OHH JIBnJIIDTCJI e~HHCTBeHHLIMH 

npoueccaMH, KOTOpLie rapaHTHPYIDT peweHae 3a~aq c 6onL
woii BLipo~eHHOCTLJO B TO'IKe peweHHJI a nnoxoii o6ycnos
neuuocTLJO. TaKHMB JIBnJIIDTCJI ypasHeHBJI, onpe~enJIID~e 
sena'IBHLI FM'

1 
B ceKynJipHLie ypasHeHHJI npu Man~a~x 3Ha-
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qeHHJIX napaMeTpa L\ /T.e. npH 60JibWHX 3Ha'leHHJIX CnH

Ha/. Bo acex paccMOTpeHHhiX cny'laJlx nporpaMMa CelMPIL 
OCyll.(eCTBJIJIJia CTa6HJibHbiH Bbi'IHCJIHTeJIL.RbiH nporpecc npH 
peweHHH ypaBHeHHH MO,IJ;eJIH. 

2. Heaou6amu~eCI<Ue nonpaBKU K KOAAeK111UBHbtM 
napaMempaM npu tA 

1 
= 0 

BTOpble npOH3BO,II;Hble OT KOJI;(IeKTHBHbiX napaMeTpOB no 

yrJIOBOMY MOMeHTY (a,Z0 ,Z 2 , D < r 2.·, Y ), CM. /10/-/12/ 
WHpOKO HCnOJib3YIDTCJI npH o6pa60TKe 3KCnepHMeHTaJihHbiX 

,naHHhiX no H30TOnH'IeCKHM c,nauraM H E2-nepexo.naM Me>K

,ny poTaUHOHHbiMH COCTOJIHHJIMH ,ne<iJopMHpoaaHHbiX Jl,D;ep. 

TeopeTH'IeCKHe pe3yJILTaTbl ,IJ;JIJI a H o<;2> -1' nony

qeHHble B pa3pa6aThiBaeMOH HaMH MO,IJ;eJIH, 6hiJIH Jny6nHKO
aaHbl a pa6oTax ··2 •10/. B pa6oTe ·' 2 ' npoae,neHo cucTeMa

TH'IeCKoe HCCJie,IJ;OBaHHe Hea,nua6aTH'IeCKHX <iJaKTOpOB ,IJ;JIJI 

Jl,IJ;ep pe,D;K03eMeJibHOH 06JiaCTH HaC'ICT HX 3aBHCHMOCTH 

oT Maccoaoro qucna, napaMeTpoa .ne<lJopMauuu H napaMeT

pOB OCTaTO'IHOrO B3aHMO,IJ;eHCTBHJI. Ilo,npo6Hble TeopeTH

qeCKHe pe3yJibTaTbl ,IJ;JIJI Z O H Z 6y,nyT ony6JIHKOBaHbl 
2 

no3>KC. J,neCb Mbl orpaHH'IHMCH npe,D;CTaBJICHHCM JIHWb 'laCTH 

TeopeTH'IeCKHX pe3ynLTaToB, a KOTopoB: npe,ncTaaneHbl ace 

Hea,nua6aTH'IecKHe napaMeTpbl ,nnJI Tex Jl,D;ep pe,nxoJeMenb

HOB o6naCTH, ,IJ;JIJI KOTOpbiX HMCeTCJI ,IJ;OCTa TO'IHO nonHaJI 

3KcnepuMeHTaJILHaJI HH<iJopMaUHJI I ma6A. 1/. 
llpuae,neHHble a ma6A. 1 pe3yJILTaTbl nony'leHbl npu 

cne,nymll.(Hx 3Ha'leHHJIX napaMeTpoa ,ne<iJopMaUHH cpe,nHero 

nonJI: {-3 20 = 0,300, {3 40 = 0, ,nnJI acex Jl,D;ep. BH,nHo, 'ITO 
COBna,neHHe TeopeTH'IeCKHX H 3KCnepHMeHTaJibHbiX pe3yJIL

TaTOB xopowee a no'ITH acex paccMaTpuaaeMbiX cnyqaJlx. 

HJ- 3a Tpy,nHocTeB: Bhi'IHCJIHTeJILHoro xapaxTepa HH,IJ;HBH

,nyanLHhle 3Ha'leHBJI napaMeTpa {3 20 /onpe,neneHHble no cTa

TH'IeCI<OMY KBa,npynOJibHOMY MOMeHTy Q~Kcn.,/.l{JIJI Ka>K,I{OrO 

Jl,IJ;pa, He 6biJIH HCnOJib30BaHbl; BJIHJIHHe 3TOrO 3~eKTa Ha 

Bhi'IHCJIJleMble aeJIH'IHHhl 6~o~no yqTeHo HenpJIMhiM cnoco6oM -

nyTeM no,ncTaHOBKH J = J sKcn. a ypaBHeHHJIX I 16/, /17 I 
pa6oTbl /3/. 

8 

Ha puc. 1 noxaJaH xo.n napaMeTpa Z 2 c MaccoBbiM 
qucnoM A /llo.l{o6Hoe noae,neHHe HMeiOT H aeJIH'IHHhl a =a(A) 
uZo=Zo(A) /. 

Puc. 1 ,neMoHcTpHpyeT npaBHJILHbiH xo,n TeopeTH'Iecxo

ro 3Ha'leHHJI Z2 C A B Bb16paHHOH HaMH CXeMe /KaK B pa-

6oTax I H II I onpe.l{eJieHHJI napaMeTpoa ocT a TO'IHoro 
a3aHMo,neB:cTBHJI H o,nHo'laCTH'IHoro cnexTpa. B TO >Ke 

apeMJI 3Toro HeJIL3Jl cxa3aTL o pe3yJILTaTax ,npyrux npu

ae.l{eHHbiX pacqeTHbiX cxeM, r.ne napaMeTphl ocTaTo'IHhiX 

cun /u cpe,nHero nonJI/ 6wnu ycpe,nHeHhl ,IJ;JIJI uenoro pJI.l{a 

Jl,nep / cnyqaB: a/ I HJJH He 6biJIH cornacoaaHhl c HepoTaUHOH
HhiMH xapaxTepucTHKaMH Jl,npa I cnyqaB: r I I. 

3. KoAAeK111U6Hbte napaMempbt u pomaijUOHHbte 3Hepzuu 
OCH06HOU noAOCbt KaK rjjyHKijUU YZA060ZO MOMeH1/Ia 

HH<iJopMaUHJI o cnuHoaoB: JaBHCHMOCTH xonJieKTHBHhiX 

napaMeTpOB, co,nep>Ka[UaJICJI B BeJIH'IHHaX a , Z O , ~ H 

3 <r 2.>, HeceT orpaHH'IeHHhiH xapaxTep. Bonee TO'IHOe 

HCCJie,IJ;OBaHHe 3aBHCHMOCTH 3THX napaMeTpOB OT yrJIOBOrO 

MOMeHTa MO>KeT 6b1Tb npoBe,IJ;eHO Ha OCHOBe nOJIHOH CXeMbl, 

npHBe,IJ;eHHOH B §1 /eM. nyHKT 1/-3//. 
llocne,noaaTenLHOe ocyiUeCTBJieHHe 3TOH cxeMbl B03MO>K

HO TOJibKO .l{JIJI Jl,D;ep, y KOTOpbiX nepece'leHHe OCHOBHOH 

c HeKoTopoB: H3 ao36y>K.l{eHHhiX nonoc HacTynaeT nyu .no

cTaTO'IHO BbiCOKOM 3Ha'leHHH yrJIOBOrO MOMeHTa / 3 . 3TO 

o6CTOJITeJibCTBO JIBJIJleTCJI CJie,IJ;CTBHeM TOrO, 'ITO BJIHJIHHe 

poTaUHH Ha KOJIJieKTHBHhle napaMeTpbl H cpe,nHee none 

y'IHThiBaeTCJI TOJlbKO no OTHOWeHHIO K BeJIH'IHHaM L\ , A H 

O.l{HO'IaCTH'IHbiM 3HeprHJIM f k · 

Ha puc. 2 noxaJaHo noae,neHHe napaMeTpoa L\ /HeB:T

pOHHOH H npoTOHHOH/ IUeJIH Jl,npa 168 Er c yaenH'IeHHeM 

JHa'leHHJI yrnoaoro MOMeHTa. llpuae,neHhl ,naa cnyqaJI: a/ 

CJiy'laH (K ""0), OTBe'laiOil.(HH OTCyTCTBHIO OCTaTO'IHbiX QQ

CHJI H 6/ CJiyqaH ( K , 7), COOTBeTCTByiOil.(HH paC'IeTy C OC

TaTO'IHbiM Q Q- B3aHMO,I{eHCTBHeM H C nepeHOpMHpOBaHHbi

NH 3Ha'leHHJIMH O,IJ;HO'IaCTH'IHbiX 3HeprHH HJ-Ja H3MeHeHHJI 

BeJIII'IHHbl Q 20 CO CnHHON / 3/ . 
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a/ 3KcnepuMeHnra. II:- cnAOIUHble AUHUU - Q , 6/ pacttenroe 
HQCIIIOJIIqeU pa60IIIbl - CnAOIUHble AUHUU, 6/ pactteiiJ06 pa{jq
lllbl /1 2/ - nyHKIIJUpHaJI AUHUJI U z/ pactte11106 pa601!lbl · Is, -
nyHKIIIUpHaJI AUHUJI C IIJO'IKQMU. 
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Mo>KHo O)I(JI,IJ,aTb, 'ITO B3MeHeHBe rrapaMeTpoB .IJ.e.PopMa

UBB rrpu cPBKCBpoaaHHblX 3Ha'leHBJIX. ,IJ,pyrux rrapaMeTpoa 

IHarrpBMep, rrapaMeTpa Mt ulunB rrapaMeTpa n ' rrpBBe,IJ,eT 

K HeKOTOpOMY IIOHIDKeHBIO IIOllHOH 3HeprBB. Bcne,IJ,CTBBe 

JToro Hea,IJ,Ba6aTB'lecKBe JcPcPeKTbl B Tex aapuaHTax, r,IJ,e 

B03MO>KHOCTb B3MeHeHBJI rrapaMeTpOB ,IJ,ecPOpMaUBB Y'IBTbl· 

aaeTCJI, ,IJ,OJDKHbl rrpoJIBnJITbCJI cunLHee, 'leM rrpu cPBKCBpo-

BaHHblX 3Ha'leHBJIX JTBX aenB'IBH. B qacTHOCTB, B TaKBX 

BapBaHTaX MO>KHO O:>KB,IJ,aTb yMeHbWeHBJI 3Ha'leHBJI KPBTH

'leCKOrO MOMeHTa, IlpB KOTOpOM rrporra,IJ,aiOT rrapHble KOppe

nJIUJIB. BKniO'leHBe QQ -a3aBMO,IJ,eilcTBBJI cy11-'eCTBeHHO ycu

nuaaeT JcPcPeKTbl TaKoro po,IJ,a, 'ITO u o6'bJICHJieT 6onee 

KPYTOH crra.IJ. i\ (M 
1

) B aapuaHTax pac'leTa, B KOTopwx 

K I= 0 Ha puc. 2. 

OrpaHB'leHHaJI rrpBMeHBMOCTb HaCTOJI11-'eil Mo,IJ,enH caJI-

3aHa Ia 'laCTHOCTBI C TeM, 'ITO He yqTeHO B3aBMO,IJ,eH

CTBBe poTaUBB C KBa,IJ,pyiiOllbHblMB KOne6aHBJIMB. PeWaJI Ha 

KIDK,IJ,OM mare IIO MOMeHTY CeKynJipHble ypaBHeHBJI, ,IJ,aiO~e 

HB:lKaHWBe 3HeprBB BB6paUBOHHblX COCTOJIHBH B KBa3B60-

30HHOM rrpB6nB:lKeHBB, Mbl, TeM CaMblM, orrpe,IJ,enJieM 3Hep

rBIO HeKOTOpOH cyrrepii03BUBB COCTOJIHBH, IIpBHa,IJ,ne:lKa~x 
fJ;mu y -poTaUBOHHblM rronocaM. Ilpu JTOM rronyqaeMble 

3Ha'leHBJI 'laCTOT WfJ B Wy MOryT CllY:lKBTb yKa3aHBeM Ha 

TO, 'ITO B TO 'IKe, r ,IJ,e wzj BnB (u 
2 CTaHOBJITCJI MeHbWe HynJI, 

IIPOBCXO,IJ,BT rrepece'leHBe OCHbBHOH poTaUBOHHOH IIOllOCbl 

C IIOllOCOH, IIOCTpOeHHOH Ha B036y:lK,IJ,eHHOM COCTOJIHBB. 

Bo BCJIKOM cnyqae, TO'IKa, r,IJ,e w p •Y < 0, JIBllJieTCJI TO'IKOH 

HeCTa6HnbHOCTB pewaeMblX ypaBHeHBH · 
14

/. B 3TOM IIOHB

MaHBH JI,IJ,pO 16l£r rrpe,IJ,CTaBnJieT C060H IIPBJITHOe BCKniO

qeHBe: 'laCTOTa u>2 OCTaeTCJI IIOllO:lKBTellbHOH BIIllOTb )],0 

TO'IKB, B KOTOPOH rrlpaMeTp n n o6pa11-'aeTCJI B Hynb I puc.31. 

0TMeTBM, 'ITO rrepeHOpMBpOBKa O,IJ,HO'laCTB'IHblX 3Hep

rBH B3· 3a Bpa11-'eHHJI / 3 / CTa6BnB3BpyeT XO,IJ, uly; 6e3 TaKOH 

rrepeHOpMBpOBKB w~ I.IJ.nJI cny'laJI, IIOKa3aHHOrO Ha puc. 31 
o6pa11-'aeTCJI B HynL rrpH I= 7. 

Oco6blil BHTepec rrpe,IJ,cTaBnJteT cPYHKUHOHanLHaJI Jaaucu

MOCTb oT M
1 

lunu I I rrapaMeTpoB, CBJI3aHHbiX c .IJ.e.Pop-
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2,0 

!5 

1.0 

, 

D.5 

168Er 

I 
1,~0 
I 
I 
I 
I 
I 

0 I 2 4 6 1 \ rn h ;" ,i I t6 

-o.s. 850 '820 
. 'g8/} . 960 

.Ji5 

.870 
430 

.?'tO 
.!35 
.565 

6.n 
6-p 

Puc. 4. Bmopble npou3600Hble om onepa•opa KeaopynoAb
HOZO MOMeHma npO,OH06 KUK fPYHKijUU cnUHa. BHU3Y npuee
oeHbl 3HU'ieHUJI ;\ n u L'!p 6 M3B. 

MH~y~MOCTLIO 
2

BpalllaiOlllerOC.ft .H.IJ.pa: BenHqHHLI Q 2~1 c 

:0 a Q 2J1 I~~~ ' J1 -~. ~~2. Ha puc. 4 DOK~3aHLI rpa!l>HKH 
BenBqBH Q 20 p B Q 2 2 p .IJ.n.H npOTOHHOH DO.IJ.CBCTeMLI 

168 JI.IJ.pa Er xax li>YHKU.BB xonnexTHBHoro yrnoBoro MOMeH-

Ta. ( L 
BenaqaHa Q '22 It'M 1 ) yMeHLwaeTC.H c yBenaqeHBeM cnBHa; 

DpB 3TOM yMeHLWaiOTC.ft B napaMeTpLI lllenB .H.IJ.pa. 3TOT li>aKT 

14 

yfie.D.BTenLHO DOKa3LIBaeT, qTo "rB.D.pO.IJ.BHaMBqecKBB" pe)I(BM 
HeaxcBanLHoii: .D.e!l>opMaU.BB onpe.IJ.en.HeTCJI HanaqaeM cnapa
BaHH.H B CBCTeMe, KaK 3TO OTMeqanOCL y)l(e B / 2 ,IO, B TO 

)l(e BpeMJI cno)I(HaJI 3aBBCBMOCTL BenaqBHLI Q 2'
0 

oT M 
1 

lana I I noxa3LIBaeT orpaHaqeHHYIO npBMeHHMOCTL Mo
.D.enB HeC)I(HMaeMOH )I(B.IJ.KOB KannB .D.n.H BHTepnpeTaU.HH H3-
MeHeHBJI !l>opMLI .H.IJ.pa DpB BpallleHBH. 

_ . Ha puc. 5 npBBe.D.eHLI BHTerpanLHLie 3HaqeHHJI BenHqHH 

Q C:J H Q2 ~p) B OCHOBHOB nonoce paCCMaTpHBaeMoro JI.IJ.pa 
loSEr. Upa 3HaqeHBJIX cnBHa I .. , 14-16 BenHqHHa napa

MeTpa Q 22 , onpe.IJ.en.HIOlllero HeaxcaanLHyro .D.e!l>opMupye
MOCTL .H.IJ.pa ' I 0._ COCTaBnJieT y)l(e 1,5 e. 6apH lqTo COOTBeT-

. CTByeT yrny HeaKCHanLHOH .IJ.e!l>opMaU.HH y ;:-.15'' 1. 
Puc. 5 CBB.D.eTenLCTByeT o TOM, qTo Q ~~~) npo.IJ.On)f(aeT 

pacTH lnoqTH nHHeii:Ho c I I H npu TaKHX 3HaqenHJIX yrno
Boro MOMeHTa, npH KOTOPLIX HeBTpOHHa.H lllenL npu6nH
)l(aeTc.H x uynw. Bo3MO)f(HOB HHTepnpeTau.ueii: 3Toro JIB
n.HeTCJI npe.IJ.nono)l(eHHe, qTo Hyxnouuoe BellleCTBO cTauo
BHTC.H Me nee .IJ.e!l>opMHpyeMLIM B COCTOJIHHH 6e3 cnapHBa
HHJI. Ecnu 3TO Tax H ecnu cnapuBaHue npucyTCTByeT 
TOnLKO B O.D.HOB KOMDOHeHTe lnocne HeKOTOporo KpHTH
qecxoro 3naqenHJI II TO xapaxTep .D.e!l>opMau.uu KOMnoueu
TLI co cnapBBanueM .zion)l(eH onpe.IJ.enJITL .D.e!l>opMauuro Bcero 
.H.IJ.pa. 

UpoBe.D.eHHLie pacqeTLI .D.anu B03MO)I(HOCTL BblqucnHTL 

lunTerpupyJI BenHquuy JE 
aM 1 

n 2 2 2 -; n =M/J (!\,,) I 

3Haqeuaii: 3HeprHii E 1 cocTO.HHHii ocnoBnoii poTau.aouuoii 
nonocbl. Pe3ynLTaTLI pacqeToB E i ~J!JI JI.IJ.ep 162 -- 168 Er 
.D.aHLI B 11ta6A. 2. 0TMeqaJI xopowee coBna.D.enae HHTerpanL
HLIX 3Haqeuaii E 1 c 3Kcnep&MenTanLHLIMH, uenL3JI ue OT
MeTHTL, qTo BblqBcneHHble 3HepreTaqecKHe HHTepBanLI IT .e. 
3HaqeHHJI yrnOBOB qacTOTLI BpallleHBJI n I I He BOCDPOB3-
BO.IJ.JIT B paMKaX norpeWHOCTeii: pe3ynLTaTLI 3KCDepHMeHTa. 

B 3aKnroqeHHe cKa)f(eM, qTo npBMeHeHBe MO.IJ.ena, c!l>op
MynapoBaHHoii B 3 .4, K ODHCaHBIO Hea.IJ.HafiaTHqecKBX 34>1l>ex
TOB BO BpalllaiOlllBXC.ft qeTHLIX .H.IJ.pax, D03BOnBnO .IJ.aTL npBeM
neMOe KOnBqeCTBeHHOe ODBCaHBe 3KCDepBMeHTanLHLIX .IJ.aH
HLIX no 3HeprBJIM B E2 -nepexo.D.aM B o6nacTB 3HaqeHBii: yr
noBoro MOMeHTa, B KOTOpoii: CBJ13L poTaU.BB C OCTanLHLIMB 
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Ta6Aut~a 1 
Heaoua6amu~ecKue nonpaeKu K KOAAeKmueHbiM napa;wempa;w 
npu HyAeBOM 3Ha~eHUU YZAOBOZO JWOJWeHma. /3KcnepUMeH
maAbHble OaHHble B3Jimbr U3 pa6om' llf;l 

~ 
'i. ,.. 10~ l.z It 10l "' X 10) 

j<,.'>.a+l 
.t Uti) <'1'1> "" to" y 

"/ol 

reop. &Ken. reop. 3Ken. reop. aKCn. reop. axen. 

15.2. 76,7 50±5 70,0 67 .±8 2,14 ~.2;t0,6 I,75 2,3;t0,7 0,35 
s ... 45 70 

ISV 30,3 30;!;3 39,3 12±52 0,32 0,6;t0,6 0,25 O,CJ3±0,03 0,10 

~ .... 10 

IS~ 8I,B 
QJ. 

50;5 72,1 70±5 I,94 2,6±1,0 I,54 I,35;t0,1 0,40 

i5b 36,9 24;!:3 40,9 31±5 0,37 0,6;tO,E 0,26 O,I6;t0,06 0,17 
6'J.. 

l)li 13,8 - I 49,3 37j;27 O,I7 - 0,073 0,0'78j; O,I4 

I l1J. ;t0,033 
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Mo.na~B Bo36y)l(,l{eHBJI g,npa He JIBnJieTCJI onpe.nengromeii ,nng 
CTPYKTypw pOTal.UIOHHLIX COCTOJIHBB . 

AsTopw C'IBTaiOT npBJITHoii o6JI3aHHOCTLIO no6naro,IJ;a
pHTb B.r .KapTaseHKO 3a npe,IJ;oCTasneBBe nporpaMMLI ,IJ;nJI 
c'leTa MaTpB'IBwx 3neMeHTOB MYnLTBnonLHLIX onepaTopos • 
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