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BBe,1temte 

B o6sope /I/ 6Wia BBe~eHa onpe~eReHH8Jl napa.MeTpHSauIDI Ma.TplN

HRX.8JieMeHTOB MYRbTHilORbHllX onepaTopoB, YlJHTHBalOOIM l'JSMeHeHIDI BHYT

peHHero CTpOeHIDI smpa npH BpallleHHH. UeRbD HaCTORmeff pa60TH RBRReTCR 

onpe~eReHHe 8THX napa.MeTpOB HS MHKpOCKOill'Jqecxott MO~eRn Mpa. 

B §I Cq,QPMYRHpOBaHa MHKpOCKOill'JqecK8JI MO~eRb, Ha OCHOBe KOTOp~ff 

IlORYlJeHH ypaBHeHM, onpe~eMmtHe Cill'JHOBYD SaBHCHMOCTb KOJIJieKTllBHHX 

xapaKTepHCTllK Mpa. CaMH ypaBHeHM H npH6RruiteHM, B KOTOpHX MH nx 

pewMn, ~aHH B §2. ITORYlJeHlille ql'JCROBHe pesyRbTaTH H HX 06CYJU(eHM 

c ~HSHqecxoff ToqKH apeHM npnBe~eHH B noc~e~aett qacTH pa6oTH - §3. 

I. TeopeTnqecKlte ogemw ,1te/fJOpMHpYeMOCTH .FI,Itep 

npn BpruyeHHH - MllKpOCKOflHqeCKHff IlO.ItXO.It 

3~ecb MH nocTaBHM Bonpoc o6 onpe~eReHHH napa.MeTpOB ~eq,opr,mpye

MOCTH 12 • 3/ H cnapHBaHM BpamaD11erocR Mpa, HCXOM HS r .. eJKHYMOHHOro 

BSaHMo~effCTBM, B pa.MKaX MO~eRH, 6RHSKOff K MO~eRH npl'lay~nTeRbHOro 

BpallleHl'JR. 

,U;m paCCMaTpHBaeMoro Mpa Ml,I 6y~er,1 HaXO,IU1Tb MB.TPl'JUH MOTHOCTll 

(I. l) 

Ta.Kile, qTo6H c HllMH BHilOR~OCb yMOBHe CTB.WIOHapHOCTl'J BffYTpeHHeff 

saeprHH 
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C =- < JI. f H - h (.f2J I.U ;:> h ( Il) : ~ 1 
1 2J (I.2) 

OTHOCRTeJll,HO l\l8JlllX BB.pmmmt COCTOJIHWI IJJ. > • CoCTOJIHRe I.M > COOTBeT

CTByeT BpallleHRJJ JmP8. BOKpyr OCR X C MOMeHTOM 

, /.,( = VJ:.(z+i). (I.3) Ji, = - <.« I Ix /)A > 
~ IlORB.SaHO B pa6oTe /I/, OHO CBJlsaHO C "OCTaHOBl!eHJWM" COCTOJIHReM 

IO> (TaKllM, ttTO <OIIIO>=o) cooTHome:imeM smpa 
;,,µ,.,., 

IJO= e ~ /O> 7 
(I.4) 

r,n;e onepaTOPH "poToHa" i£ ( v'i,/j;'i) 
(cM. q>OPMY.7Il:l (4.3; 4, 7; 4.IO)). 

onpe,n;eJieHI,J B IJ.llTapyeMott pa6oTe 

YMOBHe CTaIJ,lloHapHOCTH SHeprHH t. MoxeT _6HT1> sanncaHo .B BH.lle 

I\ ➔ z. 

· <JJ.1 lll, H- q ]l...U> = o, A . (I.5) 

r.n;e H - MiiorottaCTRtIHI,Jtt r8lfflJI1>To:imaH JI,1J;pa; A- npoRSBM:&HH:11 JIHHeAHHtt 

onepaTop; napaMeTp J (MoMeHT HHepil,llli smpa) onpe.n;eJIJieTCJI yMoBHeM 

cor~acoBaHRJI (I.3). CncTeMa ypaBHeHll:11 (I.5), (I.3) onpe.n;eJIJieT o,n;Ho

SHatIHo HeHSBeCTHI,Je MB.TPWIJl f(M)= (fV , U'{JJ.)= l,;/ R J np:11 sa,n;aHHoM H • 
CorJiaCHO poTOHHOtt Teopu, OnHca:ime He8HepreTRtieCKRX xapaKTepHc

" Tmt ,IJ;OCTIII'aeTCJI pasJIOEeHHeM ,n;rumoro M,YJil>THilOJil>Horo onepaTopa QLH t 

BHSHB8.Dllero nepeXO,IJ;l,l M~ COCTOJIHllJIMR pOTaIJ,llOHHott IlOJIOCH, no onepaTo

PaM poTOHOB H cTeneHJIM OT KOMnoHeHT noJ1Horo yrJioBOro MOMeHTa (CM. 

q,opM,YJII,J (4.I&-23) B pa6oTe /I/). EMR ~o~eHT~ aToro pasJioXeHRJI 

H3B8CTHI,J, TO npll ITOMOlllll TeXHRKR K08~8HTOB Pa:Ka / 5/ MO~O ~~Tll 
I\ 

MaTplltIHHe 8JI8M8HTI,J (1L~ MelE,lzy COCTOJIHRJIMR IlOJIOCl,l. IlpHBe,n;eHHI,Je Ma~-

pHttHI,Je MeMeHTH KBa.n;pynoJI1>Horo onepaTopa ( L =2), napaMeTpHSOBaHHI,Je 
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Taruni1 cnoco6oM WJI I( =0 noJioc11, ,D;a.HI,J B pa6oTax 12 • 31 xi 

I\ 1/, 
<IIIQ III>" - J_ [ 2I(.ZI+f}CZI+Z.) _1'1.(1 

:t 1. (ZI-1) (2.X-3) ] o 

x [-t -1- I(:+{} X - {f lI(I+t)-1] Y J 
<r+2 ll Q II I>= J_ ,,Y l (ZI+'()(lr+l) (4 <lo 

2 2. y l (J.I+J) 

, {t + (It2){~H) + IU-lf) (X +yfY> J. 
MH npHBO,IJ;HM 6es no,n;po6HWC BllKJia,D;OK BllpaE8HllJI' onpe,n;eJiJIDllH8 na

paMeTpH X H Y , noJIYtieinme Ha ocHoBe 06111HX q>OPMYJI (4.25) ns pa6o

Tll /I/. EcJIH 

11 - ZN 
C21 .~ =- L a ... a~a,; 

,-. ~- Vf!J ~ V (I.6) 

onepaTop KB8.,D;pynM1>Horo MOM8HTa smpa, TO 

4 " X:- ~ ~ot[~Qz0 ,~1,~]IO> 
(I. 7) 

Y :- ~o <oil[ Qz.,, 11,r1JIO>. 

BeJIRtIHHa f.20 npe,D;CTaBJIJieT C060tt CTaTlltt8CKm1 KBa.n;pyilOJibHH:11 .. MO

M8HT JI,IJ;pa BO BHYTpeHHett CHCTeMe KOOp~HaT, 3Ha~e:ime KOTOporo H8CKOnl>

RO OTJIRtiaeTCJI OT 3HatteHHJI COOTBeTCTBYDl!Btt B8JIHtIHHI,J B 0~06111eHHott MO

,n;eJIH ( (200 ) • JL,ui (10 B poTOHHOtt TeOpHR liM88T MeCTO q>OpMyJia. 

. <2a=- <1oo + 3(200 + f <01Ualo/')j,~]IO>, (I.8) 

X/ B STWC q>OpM,YJiax, BM8CTO KO~eHTOB c~Ll {i: q ~ ~) pa60Tll /I/, 
HCnMr,soBaBH B8Jm"llHHI,J Clo , X liI y (MH r/, ) , KOTOpHe 6oJiee ecTecT
BeHHO CBJI38.HI,J C xapaKTepRCT~ ,n;e~pMRpyeMOCTliI ,sI>a (CM. q>0PMY.7Il:l 
(I7) paCSOT!l /3/). IlpH 8TOM C~'=<1.0 , tJ~=~,J,= Q0 l.(X~ff'l)ll Cj': '70Y • z.. .. 
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r.ne 
~ 

(l00 = <O I ~zo IO > (I.9) 

oQoo"" _z.( L.. Hl <OI {/Zz~,lll-kt 10.>. 
Ht<o + 

(I.ID) 

l I\ " •r: ~~ t-
B nocJie.lUlett qJOPMYJie: A I P.>t• lltH,.,4?a Rm - onepaTop "poToHa", 

onpe.neJieHlllltt B BHpallemm (4. ?) paeloTH /I/. 'IJJreID,1, paSJIR'l8.lllll!e q,op
MYJIH (I.8) H (I.9), m.iem CJie.nyl)IIIHtt !pHSR11ecxd CMHCJI: 

a) 51100 OTpallaeT TOT qaRT, itTO COCTomme IO> He JU3JJJIE!TC.II co-

CTO.fIHHeM C ToqHo !pHRCPipOBaHHll1iffl ROJIJieKTKBHHMH yrJia.MH; 
I\ . 

6) qJieH f<o1[(Uz 01 ~Jl"11I0>B (I.8)-nepe,naeT Te aq:q>eRTH, KOTopHe 

Ha .IISHKe 8,llHa6aTJiNeCKOtt Teop:im: accowmpymC.II co CMeWHB8lmeM CHJiaMH 

KopHOJIHca. 3To npKBO.I(HT He TOJI:&RO R Hapymemrn npaBWI pasBeTBJieHIDI 

(CM. qJOPMYJIH (I5) B / 3/), HOH R nepeHOpMPipOBRe CTaTR11eCKoro RBa.1(

pynOJI:&Horo MOMeHTa, xax &To BH.IUiO HS (I.8). 

2. YpaBHeHIDI MHRpOCRO!iHlleCKOtt MO~eJIH 

A. Il,2C_!~Ol!~ !8i!&B-.!!H 

CooTHomeHH.fI (I.6-8) yxe .nocTaTOitID,1 .I(JI.fI onpe,neJieHIDI HHTepecYJ)

ll!HX Hae BeJ!HqHH ao , X H Y • 0,nHaRo npru1Iott cnoco6 BWU!CJieHH.fI 

MaTpHtrmlX 8JieMeHToB' onepaTopoB "poTcrna" ~ · wm Ma.TpHn f(J/.}, ;.(J/.) 

HS ypaBHeHd (I.5), ruicTOJI:&KO'·rpoMOS.I(OK, iJTO ero TeXllll'leCRH Tpy,nHO 

peaJIHSOBaT:& • .rr.,m IlOCTpoeHH.fI·cxew, IlO.ImaD11elC.1I paSYMffOMY qHCJIOBOMY 

aHa.JIHSY, Mll c,neJiaeM HeKOTOpHe ynpOlll!iDl!He npe,n~OJIOZeHH.fI: 

a) aHaJIOrR11HO paSJiozeHHD no CTeneH.fIM yrJIOBOI qacTOTH B Rp8H

KHHr-MO.I(eJIH, MH BOCilOJI:&syeMC.fI TaRHM ze pasJio.zeim:eM no ,cT.eneH.fIM na

paMeTpa J.l B Hamel MO.I(eJIH; T •. e •. .I(JI.fI cpei{Hero OT npOHSBOJI:&HOrO 'one-. ,\ . . . . . 

paTopa O no COCTO.fIHHll /./A> HMeeM 
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\l 
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11 
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l 
1 
.f 

::,,0 
,\ 

<..u.101..u>= L Mno<"') 
t'l=o J 

01")= -n " 
!__ <oil•· L0,1J; 
n! l.,,,......J 

h P~J 

(2.I) 
115) , 1 o_ 

---~J lo>= i;i o.u"'./A=o 

Hama neJI:& - liattTH HeCROJI:&RO nepBHX tLJI8HOB CTeneHHoro pasJIOX~HH.fI 

I\ " .. 2.",) f{JA,) - f (0) + JA p<◄) + .M f l. + ... (2.2) 

Kalt MOJIHO y6e,nHT:&C.fI HS <POPMYJI (I. 7), (2.I-2), napaMeTpH X H Y 
(.Z) MOryT 6HT:& BHP8llteHl,I iiepeS.MaTpmzy IlJIOTHOCTH BTOporo nop.lI.I(Ra p CJie-

.nyJllll{M o6paaoM: 

X = .!.. rti-~0
) = 1- Tv-( Q,e1f1')) 

(20 \ oµ }A=O ti 

l I\ I\ 

'( =· _f e1 G.zz.) = f:.. Tr( 11 p" (l}) 

l2o'\a)Az. I.A=o <2o iz ' 

(2.3) 

"'I 
r.ne T'"{ A.B);l'A .. B. . • 

~- ~ d I ' 

6) ypaBHeHH.II Mo.n~yeM TaR, 'ITO6H HHTepecylOUllle HaC BeJIH'IHlill 

( CJie.1(11 , BXO.I(.filllHe B <POPMY JIY ( 2. 3)) , ORaSaJIHC:& B itHCJie HeH3BeCTID,!X, 

OTHOCHTeJI:&HO ROTopwc 8TH ypaBHeHH.fI C(pOPMYJIHpOBaHl,I. TaRaJI MO.I(Hqlmta.

nH.11-BOSMOlltHa .I(JI.fI qaRTOpHayeMoro BSaHMO,nettCTBH.II. MaTpli'lID,ie 8JJeMeHTH 
" II 

flM.) H U-/,µ) npH 8TOM ORaSHBai7l'C.fI npoCTHMH (pymcrtruiMH OT He6oJII,mo-

ro itHCJia BeJIR11HH, ROTOpHe HaXO.I(HM npm,ieHeHHeM q:11cJieHID,1X MeTO.I(OB; 

B) npe.nnoJJaraeM, qTo COCTO.fIHHe /)..( > MOlmO annpoKCHMHpOBaT:& 

RBaSHitaCTHiJID,iM BaxyyMOM / 5 '? /. O6OSHaqaeM tJ.V =-· U/l:-"v 0.v onepaTO-
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pu BoroJUOOOBCRRX KBa.3lf<JacTim, TaKHX, 11To /.11 /o;,'=0 • CocTomme v JIB

JIJieTcJI O6pa111eHHUM IIO BpeMeHll IIO OTHOmeHlllO K COCT()JilIBJ) V • 

C;re,eyn: 16, 7 I, BBO.ItKM o6o6nteHHYJ) MB.TPHUY IIJIOTHOCTH k (M} = (l(;j) 
J\ 

f,-/.M). 

I<,).«) = \ (J'.~{JA.) 
a 'd 

JI J - (i,/JJ,) 

<MI OyiM>-14-JM) 

(2.4) 

a Ta.rolt0 M8.TpHUU 

Pi/«J= <J.Al/.{flM> 
(2.5) 

it-lJ.<)= <J-</,/,[~·{M>. 
~ q . 

I\ I\ J\ /\ 
CBH3I, MaTPllll f , U' R f , 'ft OR88UBa0TCH CJie,nymtett: 

f~_(.U) = llii• \-,(..U) - If,-~ t7(.M) + /Jf~ ~.Ml qi'.M > 

" . 

+U;~fy_(-M) +f1i~· e-~(Jt) 

~;W.).,: - u,v;. i,,. (JA.) t lf.Ud· i.-. ("-') + U;tf· <MI ~J.,./M > 
o Q J' . "'J d . 

(2.6) 

. 
- ui~• P~- (J,t) + 11; ~ F;-C.u) . 

. ·· d~ · d . 

/\ 

)lJIJI Ma.TpRD;U I({»,) RMeeT M0CTO COOTHOmeHRe, ycTaHOB.7JilHHOe H.H.Bo-

roJill6oBUM / 7/: 

0 

8 

'] 

I 
I 
i 

{ 

I 
. ~ 

' I 
.1 

I 

J\ 2. J\ 

k(M-) = I((},(,) ' 
(2.7) 

I\ " II ~ 
6JiarO,Itapn: KOTOPOMY p R q' ( COOTB0TCTBe~o ~ R 1' ) He HBJIHmcn: 

H03aBRC:w.mMII, T.e. ~OCTaTO"IHO Hai!TR R3 ypaBHeHlitt TOJII,KO O,IUly R3 ImX; 

r) MHOrO'laCTR"!Hlli! ra.MWII>TOHRB.H BU6:apaeM B B~e 

/\ . 
H= 1-10 - [M"-')-Ao]N tllo.a, }Hpa.iv-, 

(2.8) 

r~e #o:: L E., (J;J..,+.L;,4-) - raMWII>TOHRaH CBO6O~HWC KBa3R"laCTl1U C 3HeprH-

v,o II ·( + -i. ). . . 
HMR Ev-=Y(£;lo,Z+llt , N:f;

0 
a..,~+t..v¼ - onepaTop tmcJ1a 'laCTllll, a J..(J-4) = 

=lo+ .«iti+· ·. 3aBRCHntRtt OT cmma xm.m11ecKJ,Ii! IIOT0HWU1Jl, KOTOpui! orr
z. 

pe~eJIJieTCH RS YCJIOBIIIJI COxpaHeHIIIJI 'IRCJia IIpOTOHOB (HeATpOHOB) B cpe~-

HeM IIO COCTOHHHll /./,(;> : 

<.MINIM>=(:). (2.9) 

ttneHU Haa :a «pa.fr npe~cTaBJIJim co6oA "KorepeHTmrn" 11acT:a oc

TaT011Horo B3aRMO~ettcTBM TRIIa "~yIIOJII>-~YIIOJII,HOtt CRJIU IIJIJOC 

cnap:aBaHM" / 5/, T •• e. 

4 

H 
. / (l) .i + A+ ).{ J\ '\ ) a.a=,- 2 Z- ·"'i4< (u~~ol~ lo> /l.-~o/12z.lO>, 

~d~il r f ~ r 
f" I I 

(2.10) 

II 

r~e ()_zr, - TOT ze onepaTop, 'ITO RB ipopMYJie (I.6). C'IRTaeM, ~TO 

11 (ll _ ,,(21 _ ·J<M 
"k -~p - 11[' • 

H..,41 v--= - G ('P°~-'.o/P+to>)('P-<o/P/o>), P=~ cir~.s 
I' ~>O . 

Bo Bcex 'laCT.IIX raMWII>TOHRaHa (2.8) IIO~3YM0Ba0TCH Cj'MMlq)OBaHRe IIO 

He!TpOHHOI R IIpOTOHHOI IIO~CRCTeMS.M. 

OTMeTHM ente, 'ITO B ,ItaJII,HefilneM MU ynoTpe6JIJieM 00O3:Ha'leHRH 
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(t.\ . 
Lt •. = l.(,·lY. ± {A.\]'. 
~ d d ~ 

V\~ = {,Ht•± lY:\r'· 
~ I d I d • 

A "++ 
OnepaTop /} , KOTOplitt BXOJtRT B ypaBHBlUUl (I.5), BH6paH B BR,Ite {l:fl._.-

wm "f 1 , 'llTO JIBJUI!TCJI ,ItOCTST01l'.Hl:lM ,nJIJI onpe.zteJie~ Bcex Ma.T

pH1l'.HWC 8JIBMBHTOB Ma.TPliUH f (HJ npH C,Ite.JIB.HHWC npe.ztnOJIO:steHHJIX O CTpyx

Type COCTOJIHHJI /.,U. > • 

E. ~B,!!B_!!M! !!e]B.Qr.Q !!0]~ ! ,!!X_ 

.12e!!!e_!!M! 

YpaBHelUUl nepBoro noJ)JI.IUta CJie;rrym aenocpe.ztCTBeHHo HS q>OPMYJI 

(I.5), (2.I) a HMem BR.It 

A ... z. 
.(_ OI [[ R ti - .I_ J, ~ ] Io> == o. 

I l.f O • 
(2.II) 

-IlpR BH6paHHHX CHJiax x/ (CM~ i'f.YJPMYJIY (2. IO)) ypaBHelUUl IlpJ.:!BO,WIT 

K pesyJibTSTaM, H,IteHTH1l'.HllM ITOJIY11SeMHM B Kp8HIWHI'-lvlO,IteJIH ll B pOTOHHOM 

qic>pMaJIRSMe (CM. qic>pMYJra (II.3) B pa6oTe /I/), KOr.zta HeT 111eTa nonpa

BOK Ha KHHeMa.THKY Tpen1epmnc Bp8.lllem. PemeHHe ypaBHem (2.II) oT

HocuTeJibHO fit) Y.ztaBTCJI ITOJIY1l'.llTb B aHaJIRTH1l'.eCKOti q>OpMe 

·)( f-/~ t1, J ~- u 'd 
p ~- = - f ( E;t~) (2.12) 

r.zte j ~- - O,ItH01l'.aCTR1l'.HHe M8.TPR1l'.HHe 8JieMeHTH npoeKURH I/( ITOJIHoro 

yrJIOBoro MOMeHTa. MaTpll1l'.HHe 8JieMeHTH M8.TpmJ;H aHOM8.JibHOft IlJIOTHOCTll 

;,11 MOllWO HaftTH, SHM p'1> (2.12) RS cooTHO!llelUUl (2. 7), ROTopoe 

x/ ITapHHe ll (1. Q -CMH B ypaBHBHHJIX nepBoro ITOPSJ.ItKS BKJia,Ita He 
.ztam. 
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I 
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~ 

I 

B paccMaTpHBaeMOM CJIY11ae llMeeT BR.It 

(2.13) v(ji ,,, u f-J . ,1, 
ii P· · + ,irr ·~ = o. 
a 'd O •d . 

Ms ,ItOITOJIHHTeJibHOro YCJIOBHJI. (I.3) :µOJIY11aeM ypaBHBHJ.:!e 

(
• "(I/ 

T-r Ill p } = - 1 , (2.14) 

onpe,ItBJIJllll!lBB SHa.1!'.BHHe MOMBHTa .HHepumi smpa 

l 
•y. 2 

= L.. 2 IJ;;I + u 
(bJ)>O . E;+E:· 
. d 

. ··'I 2. 

I J.i;.L I.{~!~ 
'J • 

(2.15) 

~aCTb OITepaTopa MaI'HllTHoro ,ItRITOJlbHOrO.MOMBHTa, .ztettcTBYlCIIl8Jl B 

npe.zteJiax I<= 0 ITOJIOCH 11eTH0-1l'.ElTHOro smpa, MO:IBT 6HTb rrpe,ncTaBJieHa 

Kalt 
➔. ti .... 
M"" _e an.I 

ZMc d1v ' (2.16) 

a KOJIJieKTJ.:!BHOe r.upoMarHHTHoe OTHomeHHe f i , ITOJibSYRCb q>0pM8.JIHSMOM • 

pa60TH /I~ Jierxo·mqiaSJ.:!Tb B BH,Ite 
. . 4 . 

91?."'-z::.c Tr(H/Cp<•J). (2. I'?) 

B npHHRTOM npa6JIIDKeHlm rum j , TaK a 9 £ coBITa.ztam ITO qiopMe 

C aHaJIOrll1l'.HHMH BHpaJKeHHJIMll MO,IteJIR IlpJ.:!ffY,ItJ.:!TeJibHOro BpameHHJI, 

. B. DJ~B!!e!!H!! l!T~_2r.2 !!0]~ 

YpaBHeHHJI ,nJIJI 'LIIBHOB BTOporo ITOpSJ.ItKa B paSJIO:stemm MaTp!.:!UH ITJIOT

HOCTJ.:! ITO J.J., CJie.ItYJ)T RS (I.5) n HMem BR.It 
I\ ➔l 

<ol[llA,H-1/ZjJ,~]~JI0;,=0• (2.I8) 

II 



'I £2.) "P-J 
Eme O,nHO ypaBHemrn, CM3H:samtee MaTpi,mII f R rf' , IIOJIY1IaeM 

R3 (2.7) 

~ (l) (+/ (l) _ p !11 
(II_ -f lt! r!./' 

V L.p •. + Ut U..., "' - 2.... •K&d f;r:j· 
d ~d a "d ~ u~' , . .-1 Y· 

"->0 UC"'I(' 

d 
(2.19) 

,13 ypaBHemtlt (2. I8-I9) IIOCJie rpOM03,ItKHX rrpeo6paso:ea.mnt Mil rrpwtO,ItKM 

K cJie,nyKllleMY EUpal!telillD .ItJIJI iv.aTp:imH l~-

(l/ _ _ 1 ( (f) p/t). + p(ll_fl1!_.) 
P,;- - L f;.,_., rud L!<i M-<d 
~ nvo 

~ [t·± f»t 
E-tE. 
• d 

't-/ ,,,-tj 

~- + 
i.-)lfAt-1 

U;m JVH 

ltt if) 
Ei+Ewi V;j<,t U~ 
E-tf· (.{~ll[/1 
d • d""' 11« 

l 
lai(J';) 5. .. il

2 -t• E· ~ 
(. 

+ J.L_,1/'-I 
Z A ft 

z. 
l If( l+-) f,) "iii) (q,!J+iii) W.fj Tr(Uz;<f 

1 
E·tE· 

I d 

V f:-J. ] 
~ 
,,l-) ,,1:-1 
"';u."'iw 

( 
l t . r .Ei_d, k,-1)'.,'I 

-I 1.-' -'-L..:.1,_l__ 

2. f· 

o.•· l Ll. ' I 1,,,2 ,-1,1 z. 'd '1..{2-) - L PJK + It's;/ j 
(Pl ~K)>o "s~ £<~-, z. 1 V, • 

" .\ !!} l 
r.ne Tr{~flf''1) = 2... a :,4 r/i! 

~- llid i4. 
z l. 

LI - L. u~-~ f/i1 
.Zll)- .S>o '<.s"i, . JS J 

- ,K 

t 2.. q/t. (l/ . 

•'i ~ fii ' 

(2.20) 

a 'IJieH B ~RrYPHOtt CK06Ke Ha nocJie,nHett CTPO'!Ke tpOPMYJIH (2.20) rrpe,n-

CTaBJJJieT C060H I!pOH3BO,nHYD napaMeTpa ~eJili fJ no yrJIOBOMY MOM8HTy: 

12 

I 
! 

I 
I 

:> 

,l 

( 
oit1 ) _ LI - l , flC::, i ~ 1 d~, z. 
~ - z.<z.J 11 IJ: u<--1 i. 

(2.2I) 
r)jJ. M:oO {_5K);>O -, ~ SK 

Kalt Bli,ItHO K3 (2.20), B MaTPilllY fll) BXO,ItllT KaK HeH3BeCTHHe Be-
~ I\ 1 " 

Jlll"lmw Tr( <220f''1
) , Tr{ _llu.p <•>) , Ai. H Ll..1

1
.,
1
• 0,nHo HS ypaBHemnt .ItJIJI we 

HaXO~eHruI cg)opMYJIRpyeM, Ha.IIHCaB YCJIOBlie coxpaHeHrul 'UICJia '!aCT,m 

B COCTOSilillK J.« > BO BTOpOM IIOPJI.ItKe. Ct!HTaeM, 'ITO 3Ha'!eHRe Tv'f'0
) . 

TO'IHO paBHO 3a,Ita.HHOMY 'l'.KCJ·Y '!aCTmt B SI,npe. Tor.na HMeeM 

/J(PJ · {Z) 
Tr ( ~ell) = z. ? P,.. =- o, 

I • ;,o ., 
(2.22) 

(l) 
r.ne f ;~ .naeTCSI qlOPMYJIOit (2.20). Eme TpH He3aBHCHMHX ypaBHeHllSI 

. . u 
HaXO,nRM YMHOllteHHeM qlOPMYJiH (2.20) IIOCJie,ItOBaTeJII,HO Ha ~j • 

l Z. l • ~ 
";·V:· ~. , i: . C IIOCJieJtYillll!M CYMMRl)OBrumeM no O,ItHO'!aCTli'UIIDA mt-

. t<;U'; ~. d"' 
,neKCaM (, H i . B pe3YJI1>TaTe IIOJIY'laeM 

z l._ izo t•J - !I "1~ 

{?,,jJ>o ii f 'i = 
1 r{ f1zof ~ 

• z. z. • 
- L(·-tr. {Z) f.- ~-IY~ 0,if~j: ,1.Z(l) 

(VJ;,O I ~ (} 

(2.23) 

\ ) I, u (2) 2Z {l) j [A " (ll 
L l i .. P.. -I- i .... P,.. = Tr l{.ll fl 

{$jJ;,o JLi'J d' I id . I • 

3aMeTHM, 'ITO H3-3a pa3HWC rrpaBKJI OT60pa ,ItJlll MaTpK'!HHX 8JieMeHTOB 
zo u id-, H O •• ypaBHeHHe (2.22) H nepBlle ltBa ypaBHeIOOI (2.23) OT,ne-

. Vd" " •u 
JUimCSI OT IIOCJie,nHero, orrpeiteJUI1J11ero B8JIH'!HHY Tr ( l1ll f ~- IlpH 3amtCH 

CHCTeM!l (2.22-23) Mil rrponycTWIH m1,1teRCH /./ H P (,ItJIJI ue!TpOHOB MH 

13 



npoTOHOB), noCKOJJl>KY ypaBH8HIDI .It,lL'i o6owc THIIOB imcT:.m II,neHTli'lllll 

no ipopMe. Hs-sa H8Jiir<m.lI HettTpOH-npOTOHHOtt KOMilOHeHTH y (1(1, -cwr. 

O~a.KO, ypaBH8HIDI .It,lL'i npOTOHHOtt H HettTpOHHOtt CHCT8M OKa3HBamM sa

uenJJeHIWMR, 

Ko~eHTH nepe~ HeHSB8CTHHMR B ypaBHeHWDC (2.22, 2.23) npe~-

CTaBJIJIDl' co6ott CYMMH OT O~HO~aCTRtlHHX MaTpRtlHHX 8JI8M8HTOB onepaTOpOB 

KBa,lij)ynOJil>HOro R yrJJOBOro MOM8HTa, B Ha.CTO~ett pa6oTe 8Tll_MaTpR'll!He 

8JJ8M8HTH BSRTH B 6aSHCe ~· ~eg)opMRpOBaHHOrO llOTeHnH8JJ8. By~ca

Ca.KCOHa, Ilo,lij)06HOCTH O pac~eTHOtt cxeMe npllBOMTM B CJI8.JJ3Dll8M na~ 

parpaqie. 

14 

I 

I 

1 

f 

3. YCJIOBM pac~eTa •. qHCJJeHHHe pesyJI1>TaTH 

·. Cmmoilas! · saroicHMOCT:E. KOJIJieKTRBHHX: napru.ieTpoB . BpaniamterocR. sµu,a,_. 
onpe~eJJeHa pemeHHeM CHCTeMH ypaBHeHHtt (I;5);(I.3),.(2.7), B,paSJJOJKe-

HHH.(2.I) B RBHOM BII,ne· y~ep,KHBaJOTCRTOJil>KO ~elll,I nepBoro H BTOporo 

rio~ no µ . Ilo.eyqeHHM B Ta.ROM IIpH6JJHJKemm CliCTeMa ypaBH8IDiii • 

(2.22-2.23) peiiia.eTCR: ~HCJI8HHO .It,lL'i pJI,Ita ~ep pe~o3eMeJil,HOii 06JJaCTH, 

Pac~eT ripo:so~cJI Ha· S:BM · B3CM-6 · nporparvIMoii D E N SY • 
·Ms. onpe~eJJJIJIH CJI8,IzylCl!llie B8JIIDIHBI,i: 

a) .B HYJI8BOM no~e (no J.<, ) : CTaT~ecKHii KBaJUlYllOJU,mrti: MO-

M8HT <1.oo· ' ; · 

6) B nepBOM no~e: MoMeHT 1mepUHH j n RoJIJieKTHBHoe rupoMar

HllTHOe OTHOfilElHIIe jR, ; 
13) BO BTOPOM no~e: KOppeRI(Rli K CTaTWieCKOMY KBa,lij)YilOJll,HOMY 

MOMeHTy ii <lo= Q0<200 corJiaoHo ipopr,iyJiru,1 (I.8-I.IO); nepmrn HeHyJieBHe 

npOHSBO~e OT KoimoHeHT onepaTopa KBa,lij)ynOJJl,HOro MOMeHTa li crrapHBa~ 

HruI: .. 
A 1 (lJ' ( j_g±~) .. = .• u:x = 2Tr(Utof J 

i}).,(z. .M=O 

( lYt-) = QoY 
1 4iz1 = 2 Tr{1),ap ) 

o/A J,(:o 

H l 

(!_~ -;· '== /J. 2. / 
- fJJ.,t'- A=-o .· · · / 

a TaIOKe :iieJJWIHHy 'lL :z. • Mu BocnOJI1>SOBaJIHc1> ipopMYJIOil ( I3 )x , npHBe~eH-

Hoii B pa6oTe/3/, ~To6s no rro.eyqeHHHM TeopeTWI8CKHM SHa~eHHRM J, ll y 

X/ KaK CJJe,eyeT HS np1rne~em B pa6oTe / 4/ oueHOK, .It,lL'i ~ep rre
pexo~Hoil 06JiaCTH (Sm, Gd-) YCJJOBHe (0V/v)2.+=0 RBM8TCR BITOJIHe 060CHOBaH-
HllM, 
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8KCil. 
npH Qo 3 Qo , onpe,tteJIHTl, OTHOCllT0JILHHe llSMeHemm: cpe,ItHeRl38,IU)aTH'I-

HWC pa,ItliYCOB B nepBOM BOS6yx.n;eHHOM COCTommH OCHOBHOtt IlOJIOCH(OR~tt>.zr• 

. B pac'leTax MU llCilOJILSOB8Jlll O,ItHOtJaCTHtimlli 6aSHC, IlOJIY'I0mm:i! B 

MO,Ite.T.'.H c noTe~oM By,Itca-CaitCom/81. IJapa.MeTpli llOTeHQml.11a BSJl'I'li 

ns Ul'!TlipyeMott pa6om WIil o6JiacTett A= /55, A= H3 , a B 06.na.cTH A=t'15 

MH IlOJil,SOB8JlltCI, SHa'l0HID!Mll 9THX napaMeTpOB, npHBe,tteHHHMH B / 9/_ Pe

meHHe CllCT0Mll (2.22-2.23) llpOBO,ItlIJIOCl, WIil psma. SHa'leHHI KBa.IU>YllOJIL

HOit (A ) It reKC8,lt0KailOJII,HOtt ,Ite/popMaIOm., Mli y-qHTHB8Jlll BCe CB!!SaHHHe 
io 

O,ItHOtJaCTH'llll:le·cocTOSIHIDI B mrrepBBJie 8Heprlltt OT -25 ,ItO -+5 MaB, 'ITO 

COOTB0TCT:syeT npH6JIHSllT0JIJ,HO 60 ypoBHSIM B He!TpoHHott ll npOTOHHO! 

CHCTeMaX no OT,IteJII,HOCTlt. 

IIapa.MeTpli BSaID,!O,IteltCTBHSI BH6lipaJIHCl, H03aBRCHMO WIil Ral1.{Oro 

H)U)a. XHMW!ecKHI IlOT0HUHaJI llo , napaMeTp meJIH ilo , a TaRllte KOHCTaH

Ta ocTaTO'lHHX napHWC BSaHMO,tteilcTBH! ~ BH6prum TaK, 'lTo6H BOCllpO

HSBeCTll aKcnepm~eHTBJILHHe -qeTHO-He'leTHHe pasHOCTH wee/IO/ B paMKS.X 

CBepxTe:KY11ett MO,It0Jill SI,Itpa 161. KOHCTaHTli (.W. - BSaID/1O,ItettcTBHSI J<tl.) 
w . 

ll J<l, IlOJIY'l0Hli llS YCJIOBHSI TO'llioro OllllCaHID! 8KcnepHM0HT8JII,HliX 

8Heprll! 1llllEa.fuumc COCTomm:lt /3 ll t" llOJIOC B npH6.mmeHllll CJIY'lattHlix 
qias /6/. . . . 

· PaC'l0Tli BeJIHCl, WIil Bcex SI,Itep O6.na.CTH ,~o ~ II ~ /U, ( 52 ~t£:r0) 1 

WIil KOTOpliX ID,leJIOCI, ,ItOCTaTO'lHO 8KCnepHM0HT8Jll,HliX ,ItaHHWC I llOSBOJillJr-
/Z) (l.) 

lllllX onpe,IteJiltTl, napaMeTpli raMRJII,TOHHaHa (2. 8). 3Ha'l0HHSI .ko R k1, • 

noJIY'leHHHe onHcaHHHM mnne cnoco6oM, npRBe,IteHH Ha pnc. I, a B Ta6Jiime 

I CllCTeMaTHSllpOBaHli SHa'l0HllSI napHHX KOHCTaHT WIil Bcex paCCMOTpeH

HIJX H8Mlt SI,Itep • 

16 .. 

l. 

I 
~ 

( 
I • 10·3 MeV 

10 
--~~(ti 

------- xf,• 

·60 

5D 1~6! ... ,-;, ... x----.,., ,:-r..,. ... ... 
---

40 
1,~~& ~ 

JD 

Z5Lc--=---=----"-=--"-=-'=-'=-L..-,--,,,,,__,,_,__...,.__,,,..__'=-_'= __ _ 
10 150 ISZ 154 156 15B · 160 16Z 164 /66 168 /70 Ill 171 116 A 

PHc. I. IJapa.MeTpli KBa,ItpynOJil,HOro BSaHMO,ItettCTBllSI, llOJIY'laeMHe 

HS y~OBH.f! TO'lHOro BOCllpOHSBe,IteHIDI 8Heprllll ;J ll 0 
KOJie6aHHI B llpll6Jll!Xemra CJIY'Ia!Imx qas' 
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Ta6n. I. KoHCTaIITH napHoro B3aHMO'AeftCTBHJI HS YMOBHJI TO'IJHoro 

BOCilpOHSBe'AeHIDI qeTHO-HeqeTHHX paSHOCTett Mace B 

KBaS~acT~Hott MO'AenH 161 

G'"n I <Ya 
10·3 MeV 

11iasm 128 183 
,so Sm 132 (99 
1s2 Sm 138 181/ 
i5v Sm tJO I 71 

0 
''' Gd I.JI 19/ 0 
isv Gd 139 (86 q 

0 mGd /JD /78 
II 

C) 

,au Dv 126 176 ~ ,o, Dv 127 1'74 

'"' Dv 126 177 

r-m-E r 132 18 I 
t6+ Er 0 

132 179 0 

'" Er 13I 177 <"'1 
0 

,011 Er IZ9 173 II 

ltu Er !JO ·(!7 c:::, 
(\,I 

9 
to11yb IJO 172 
l70Yb (30 16Y 
nzyb 127 167 
ll♦ Yb 128 l6S 
11'Yb 120 166 
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B Ta6.mme 2 npe'ACTaBneHH no~emme B HaIIrnX pacqeTax sHaqeHIDI 

'1
0 

, ]'Y', 9p., , fl.oo , Ll~ , fJoX , Q.0 Y H (0£
2
/P.1.)'--+- • B noc-

ne'AHeM CTOJI6ue Ta6.nmn,t npHBe'AeH napaMeTp Klla.IU>YilOJihHOtt 'AeqJOpMaWIH, 

COOTBeTCT:ayDlllI!l 'AaJlHOMY pacqeTy. 3HaqeHHe KOppeRUID1 fl f2o K CTaTI1'!ec-

KOM:f MOMeHTY. 'AaJIO B CR06KaX IlO'A SHaqeHHeM <2oo • i-IMelllqaJlCJI SKCilepH-

MeHTMhHaJI HHqiopMaUHJI O BWmCJIJieMWC Be~ IlOMemeHa B KOHe'IJHott 

CTpORe Ta6.nmn,t Wlll ~oro H,I{Pa (CM. Taiate Ta6.mwy 5). 

Ta6nHUa 2 
~YBCTBHTenhHOCTh pesy~TaTOB pacqeTa no OTHomeHHm 

K HSMeHemmnapru~eTpoB 'AeqiopMaUliU 

;1. 'J" a) a .. (e6J ,i, a0 x a. y ({(i'>z. C) 

Jlapo MeV Mev·' 9• - ~a,ce&J MeV Ce61 C e61 • 10• 
}3,o 

1 2 3 L 5 6 7 8 9 10 11 
n ,. 128 4 307 J1H In fl/5R a.zoos 0.001, 

6) p I Z08 S.Z+J If-I 17.51 -0.DJIO 0 1100 ooozz IS6 0100 

n•o 9.551 0.569 

"'Sm n l.089 10.SltS 4./6S ·OOOJ3 00)61 00007 ' 
p I. 239 1. 281 lr-o 111! -0.0052 0.0122 00006 /. 7J OJOO 

n•p fl azs· D 411 
exot s.u, 

n "' 1. 7$0 
n f.2JI . ,,. J. 174 OOH7 0.7994 ·00186 

I) p I 547 J. 729 1·461-ol -0·1oa5 0.+82R 00120 - 0200 
n,p BS l OHS 

•sosm n 1201 fl,,, 4. IZ6 -o on,. OIJJ6 00059 
p I 564 SS.JI (-OlJ7) ·0.0116 0.01,78 ono,s BH OJOO 

n,p IS.J02 0354 
expt If o,6 J.760 

n I JO.f s ,~z J 240 ·O 0158 051'6 00Z09 
p I 22J 5-158 (-J 980) ·00R+J O.JSSt, 00119 0 200 

151 5m 
n•P IOJJ9 0516 
n I Jfl 8 R ♦ f 4 167 -nnoos 01564 0.0/IJ 
p IUS 7 J76 (· I !OJ) -00/86 0 0624 0 004!1 16 28 0 JOO 

n•o 16.217 0459 
t}(Df 2,611 5 890 

n I 161 6945 J.297 -00127 00909 0006I 
p 095' 7 114 (-0679] ·00166 00571 00040 1618 0200 

"'Sm 
n,o l40S9 n S,R 

n I IJJ fl 127 ft 19.!I -OOOll 00298 00047 
p I 004 9.161 ·0218) ·00074 OOIJV ono21 J 69 OJOO 

n•p 1,n.zg4 0 .1,51, 

tllPt 36 585 n.J89 6 lJO 
n I 217 4 868 J41J 0 0180 08128 onns 
p , JfJ 5051 (·5661} ·Ofl,46 0-4921 00120 - 0200 

n•p 9!125 0.528 
ISZGd n 1189 9906 4 1,6 nnnnz 0.1617 00051 

p I 358 6617 (-n90111 ·001"16 100512 00015 /OJI OJOO 
n•P 1652.1 0401 
txPt 8 7/Z 0418 +,so 
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Ta6Jum,a 2 ( IIpO,l(OJmemrn) 

Ta6Jrnrta 2 (rrpo.l(oJllltemi:e) 

1 2 3 4 5 6 7 8 9 10 11 
n '/.Jtl, 51'5 J. l,1,7 -0.02.+s o.5n• o.ozss 
p l2fl, 56J8 lt-J937) -0./004 0 JZ68 00158 - 0200 1 2 3 4 5 6 7 8 9 10 11 
n,p IQ.76J 0.545 

1s4Gd n I JS/ 8 162 4 J57 -00001 0.1S81 OOIJO 

p /.26J 7.l6Z ff.0.251 -0.0167 0.0569 00057 /4.JJ OJOO 

n•P 15925 0.. fSS 

tipt U.J1J 0.427 6.160 
n I.IS! 6.91!/ J491 -a. o,so 0.12111 o. 0117 
p I OJ7 6.901 (-0895 -0.025I 0.011.9 0.0070 (9.08 0.200 

" 1.110 940' 4.9¥6 -ooovn 0 ,,.,, 0 0117 
p /. 207 l. 216 lr-o.68 ~ -0.0186 0.01/15 00059 fJ. 72 0260 

161
Er 

n,n 16.621 0 4.JI 
n /.166 11.160 S.4<> ·OOOVI OOYOZ 0.0014 
p f.195 1.90J 1r-O.JV9 -n.OQR6 0.0190 0.0035 4-45 OJOO 

n,• 19.063 O.Jg, 
expi 29.Jl/<1 7000 

t>•P IJ.RBO OSIJ 

"'Gd n 1129 /f.17,J 4.J16 -o 0028 O.OJSZ 0.0076 
p !094 8 J47 (·0.22',) -0.0011 0.01311 O.OOJ4 J.6S OJOO 

n I /OZ I06Sf 4gji - 0.010/ In. OV79 o.ouz 
p u•o 7.644 Ir- n VB" -0.0IVS ()0296 0.0011 6.98 0260 
n,o l8.29S 0408 

fl•P /9.S20 0428 
exPt 33 7(18 o.J9J (i.190 

" 1048 10.628 4.BJO ·0.0066 0.01(52 00112 
p /. fl]· 7 714 {·0404) -0011.9 0-0255 0.0051 6 56 0260 

t•ooy 
n•n !8J42 0.41.J 

n I OJ4 12.5.U SJ06 -o.oru, 00196 -0.0066 
p I.JU 8.16I /•OIYJ) -o.oosJ 0-0093 O.OOJ3 l.39 0300 

n,P Z0.705 Q.J70 

EXP/ J4.S65 0.JJO 7.300 
.· 

" 0.178 ,,.,,:;, 4.8J9 -0.0091 0.01/SI 0-0118 
p 1067 8.07.9 {· 0.410) -0.0123 0.0282 0.006I 1.0t/ 0260 

'"Er " 1.087 IJ.OU S.1/58 ·0.0065 0.0286 0.006'1 
p I. 126 8.J/1 -029fl -o.no1!f 0.0157 o.oo,z J.71 OJOO 

,,,p 21.362 0.374 
exp/ J2 82• O.JSJ 7.100 

n 0985 ll809 4.96J -0.0101 i n.0260 O.OIZ6 
p /./1/ 7.8J9 (-0.266) -00096 0.017/ 0.0066 4.11 0.260 

'"Er 
n,p Z0.5Yl 0.36• 
n 0.98J l5..Yl9 S.461 -0.0085 O.Ol9J o.ooso· 
p 1.095 8.!flJ C-0.Z!Jl -o.oosg 0.0118 O.OOJZ 2.BS OJOO 

n•P 2J.9V2 O.Jt,Z 

exPI Jl.221 O.JZO 7.580 

,.,Dy 
n,p zo 250 OJ86 
n 0965 14 JJ5 s JI/ -0.{J{J66 I). OJI/ 0.0060 
p 1068 8. Sil (•OJJJ ·0.0066 00177 O.OOJf l,.ld o.JOO 

n,p ZJ. 252 o.JH 
UP/ J1.l1S 0 J62 1./ln 

n 0.81/6 IS.OBI 4.825 -O.Of/J 00276 O.Of2Z 
p /. IVl 7 SVI (·0.29f) -0.1»81 00190 0.0065. V.BY 0.260 

n 0.RYY /4".SOJ 4.98V ·0.0IIY 00214 o.0079 
p 0.996 • "O C•O.J2/) -00100 lno188 o.oovs 1/.V8 n.2,0 

n•P 24.t•J O.J'/1 
'•8Er n 0.81/8 18 086 5.47J -nnon o.o,sz OOOV8 

p 0980 9 289 lr.0216) -O.OOS6 0.011 ~ 00027 269 OJOO 
n•p 21.375 o.JJo 
expt J7. s•v CHJJ 7.600 

n,a 22 612 0 J07 

'"Dy n OBSV 17 79.J 5. JOJ -0.008V O.OIJB 0.006Y 
p l.ft./7 8.00J · (•0./f/Jl -o.oovo 0.006§ O.OOJV 1.26 O.JOO 

n,p 2579J D 286 
P:,._Df VOR75 0JJ6 1.soo 

n /.If'/ fl. 789 S.IIZ -0.0182 o.osa• O.OIVI 
p Lnl l 178 (·0.680 -n.ntoz 0.0YOY 0.0065 902 0260 

n,p 18.967 OJ6V 
t6Byb n IOV9 /J.,~. 5.70/ ·"0116 0.0'/28 o.oo•g 

p 1-180 8.DSl -n.GYZ) -"·'"'62 O.OJIJ O.OOJa 7.00 0.J{}(] 
n•p 21.a21 o.Jy7 
h.Pt JV./96 ,vJo 
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' 

Ta6mma 2 (npo.l(OJ!l!teHRe) 

1 2 3 4 5 6 7 8 9 10 11 
n 0961 IV.J5l SIJB· ·on15a 0.0391 nno11 
p 0989 8.V90 (·0.1/80 -0.0082 0 021/ 0. OOJ~ <no O.Z60 

n•P 2:! BVZ 0 35R 
"oYb " 096Z IS.362 Sl!J -0.0IJl OOJ6J 0.0056 

p I.DOZ 9./95 ·0682) ·0.0059 0.0269 Q.002> 5'.96 o. •oo 
n,p ZV.557 03$R 
exPt J560S o. JJv 7.¥80 . 
n 0821 ,,. 185 5.129 •0.0IVI 0.028J 0001/I· 
p i.OH , .. 995 (•O:J/8) -o.oos• 00190 0.0020 4.ZS O.Z60 

n,p 25- 180 O 29S ,. .. 
'!lyb n• 0 7!18 18.1!18 5709' ·0000· O.OZIO 0.00JY . -1 

p f.06J R.7R> -0295) ·0.003R 0.0IY] 'n.00/6 3.29 010.0 
n•P ~ 27.580 O 292 
l'XPI- ,s,on 0332 7 7JO. .. 
n OlZ• f8.8flR 5/37 -0.0,1, tlOJSY 00029 
p 0.998 8.1,20 (·01/981 -0.M76 0.0277 0.001.J '60V O.Z60 

114Yb 
n,p 21228 0 281 
n 0. 769 18.265 5 713 -0.0lt/6 O.OIZ6 0.0027 
p I 008 9151, (-0 lfJ) -·ooost 0.010/ 00011 221• 0.300 n,p 21.lfl§ OJIO 

fY.Pt J92J6 •OJJS 1600 

BJ n 0<63 20 219 S /JV 'O fl06Z 00059 O.OOJ7 
p 1017 8.215 (·0068) ·OOOJO 00056 00016 1.17 0260 

176Yb 
n,p 28 55Y 02SV 

' n O.S67 19685 ·- SlU -ooov1 00030 00029 
p IOZ9 9009 ·OOJO) ·00015 OOOJI 00012, 0 6V 0300 

n,p 2869V 0183 
txpt 36 527 0199 7 JOO 

B Ta6mmax 3 H 4.npo.l(e~oHcTpHpoBaHo BJIHSnme napaMeTpoB .l(e(fiopMa

nHH H OCTaTO'lHWC CWI, COOTBeTCTBemm, Ha.pemeiml! CHCTeMH (2.22-2.23). 

Ilepett.l(eM K O6CYJmeHHD rro.nyqeHHHX pesyJII,TaTOB. 

B paccMaTpH~e-MOM npH6JII~eHHH BeJIH'IHHH, B!RllCJiemme B rrepBOM 

rropJW{e { f ":°9fl), He npe.l(CTaBJill!OT rrepBocTerreHHoro llHTepeca. Bee llte 

oTMeTmJI CWil>HO SaIDilltemme SHa'iemm J w , ITOJIY'laJai!Heca npn ncrroJI:&-

• 3OBaHHH CXeM!l By,l(ca-CaKCOHa (rro CpaBHemm, HaIIpID.iep, C mRHCJieHHl:IMH 

B pa6oTe /II/ B O,1.(HO'iaCTH'iHOtt cxeMe HWll>COHa). EOJII,maJI 'iaCTI, TaKOro 

3aHilJlteHHJI 3Ha'ieHIDI 1(/y O6McHSieTCJI TeM, 'iTO rrapHHe rrapaMeTpl:l 

( llo, lo J orrpe.l(eJIJ'L7IHCI, Hru.!H HH,l(HBH,IlyaJII,HO .ttJIJl KaJK,Itoro H,I(pa.' BMeCTO 

Toro 'iTo6u ncrro;r1,soBaTl> .ttJIJl ooex HSOTOITOB ,l(aHHoro JJ.IU)a SHa'iem,:e Ll
0

, 

22 

5/i!po 

1 

"'Sm 

'''Gd 

"'Dy 

'" Er 

"'Yb 

Ta6mma 3 

PaCC'iHTalIHl:le xapaKTepHCTHKll ,l(e(fiopMHpOBaHHl:lX JI.l(ep 

B CpaBHemm C 8KcrrepHMeHTaJIJ,HJ:lMH ,l(aHHllMH 

/3,.• a.zoo 0.160 0.160 o.zao o.zeo O.JOO 0.300 D JZ2 OJZO 

JJ .. : 0.000 0.000 Q.060 0.000 0020 0.000 oozo 0078 0000 

. l 3 4 5 6 7 8 9 10 11 12 
/l n -ooz:,11 0.003/ -nnoos •fl OML 

Ir MeV] p -O.OB'fJ ·O.OHI ·oo,a5 ·0.0ll9 
a.x n 0.5ll6 0.2J50 0./554 0 08" 

( e8} p O . .JSSV 0 fZJ,S a D6Z4 00345 
av n 0020/J n OO" n_ 01/.J O 0084 

lfe 51 p 0.0IZ9 OOOH 0 0049 0. OOJl 
LI, n -0.0155 -o.o,os -n.on1• -00053 

CHeVJ p -0.026I -0016/ -00011 ·00034 
Q X n Oll/R 00656 IJ.OJSl 00033 

[e81 p o.oug 0 OJ79 OOIJR n.0021 
a. Y n 00117 0.0072 00076 00069 

r,8 J p 00070 0.00J9 OOOJ4 0003/ 
/l, n - 00066 ·OOQ61 ·0.0074 -nooJ7 

[ MeVJ p - 0.0119 -00080 -0008! -0.0053 
a.x n 00452 OOJJB Q.OJ50 0 0196 
ce&J p o.ozss 0.0111 0.0/9Z 000,.J 
a.v n 0.0112 00109 00/IJ 0.0065 

(t81 p 00057 nonsz 0-0057 0.00JJ 
LI n -QQf/1, -00109 -00111 -000!14 

[MeV] p -00100 -00069 -nOQ6t, -o 0056 

a.x n oon4· 002/J 0.0101 00181 
ce8 J p 00t8R 00114 O.OIZ6 001/J 
a. Y " 0.0079 00076 00010 OOOl,8 

[ tG l p 0001,5 00040 OOOJl onn, 
a, n ·001',/ ·00/JO ·On/JO ·OOllG 

[ MeYJ p ·Q.0059 ·00038 ·O.OOJJ -oooz, 

Q,K n ooza3 o.ouo nozo1 0.0111 

fe8J p O.Of.90 O.Ollt1 0.0153 00118 
a,v n 000"1 fll10J4 0.003I 0110,0 

[p8} p 0 0010 00016 0.0016 0.0.011 
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I 

.ITn:ro 

152
Sm 

166Er 

noYb 

Ta6JIHna 4 

qyBCTBliTeJII,HOCTI, pesy;rr,TaTOB pac~eTa no OTHOWeHliID 

K li8MeHemm rrapaMeTpOB OCTaTO~HHX c~ 

/Jzo =O.JOO .J3~0 = 0. 000 

t!Opl,JMI,H( 6N = G,•o ;;e;z'=o Jl;z'=£1•0 

f:.2 n -o.ooos -0.0000 -o.noJ6 -0.0036 
[MeV1 p -0.0186 -n.ono3 -aoott!J -0.0049 

aox n 0.1561, 0.1112 o: 00',.J 0.004J 
[ef,J p 0.0624 0.0426 0.002 I 0.0021 
no y n o. nf(J 0.0/13 0.011 J 0-0004 

[e BJ p o. 0049 0.0049 0.001,9 0.0001, 
Ll2 n -0.0085 -0.0001 -0.0049 - -0.0049" 

[ Me VJ p -0.0059 -0.0001 -o.00.3.3 -0.00JJ 
aox n 0-0193 0.0090 0.00IS 0.00IS 

[e&J p (J.0118 n.004J 0.0005 0.0005 
ao y n o.on1:;n 0.008S 0.00BS 0.000', 

[ eSJ p 0-0032 n.0043 0.004.J 0.0001 

l12 n ·0.UJ.Jl -0.0002 -0.0057 -0.00S7 
Ir MeV] p - 0.0059 -0.0001 -0.00JO -0.00JO 

fl,,X n 0.OJ6J o.oosz 0.0025 0.001S · 
[e&J p 0.0269 0.0065 0:0006 0.0006 

GoY n 0.00.56 0.0056 0.0056 0.000', 
[eBJ p ·.0.0025 0.002S 0.0025 0.0001 
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G,,=G,•0 
.t>!1'=zJ'.;o 
-0.0001 
-o.oonr 
0.001,s 

o. 001'1 
0.0001, 
0.0004 · 

-0.0001 

-0.000( 
0.00IJ 

0.0002 
0.0004 
o.onn/ 

-0.0001 

-n.onno 
0.0009 
0.0004 
0.0001, 
0.0001 · 

KOTOpoe COOTBeTCTByeT Ca.MOMY cTa6WII,HOMY li3 HliX (KaK 8TO neJiaJIOCI, 

B IlliTupyeMott pa6oTe /II/). Ham crroco6 naeT 6o;ree BHCOKlie sHa~eHli.fl 

t:.
0 

n, CJienoBaTeJibHO, salllD!taeT BHB.~eHWI lw . O~o, u rrpu onmia.Ko

BWC sHB.~eHWDC Ll
0 

R neipopManm1, BHB.~eHRe lw- , onpeneJieHHoe B MoneJin · 

By~ca-CaKcoHa, ocTaeTC.fl Ha 5% mute SHB.~_eJOOI 1 w- B cxeMe Hrorr,coHa. 

PaSJioJteime no cTeneHllM ,),(, (2.I) npenno.naraeT nocTaTo~Ho 6om,

IDYID ."xecTKOCTh" paccr.iaTPHBaeMoro H.lU)8. no oTHomeHRID K IrIBMeHemrn ero 

KOJIJieKTRBHWC rrapa.MeTpOB / 3/ co CII:lrIHOM, Krut B~HO IrIS Ta6JI. 2, ~ 
Bcex ~ep cepe,Itlllm o6JiacTl'I pe~ seMeJII, (RsoTorru f)'J , fr IrI Y,(p ) ; 

IIOIIpaBKR BTOporo IIO~ K KOJIJieKTRBHHM rra_paMeTpaM ( llz. • Qo'I.. • <loY ) 

B rrepBllX BO36pmeHHHX COCTO.flHliX He rrpeBHll!am HeCKOJibllliX nponeHTOB 

OT SHa~eHli.fl 8TIDC rrapaMeTpOB B COCTO.flHll:lrl I=(). Ilpll 8TO.M napaMeTp 

HeMiria6aT~HOCTirI S(El) -qiaxTopoB J, H napaMeTp HeaKCliaJibHOii neipopMa

UHH Y (CM, ipopMy-Jill (I7), (IS) pa6om /r3/) JJBMmC.fl BeJI~IrIHa.Mll 

onHoro IIO~ . B HeKOTOpllX CJIY"l8.flX (IrISOTOIIax ~'/ • HaIIpI!Mep). 

B Ha~aJie neipopMl!poBaHHoit o6JiacTH (HsoTorru $ m R Get ) , sHaqe

HWl KOppexnd 0.o.X ll Llz MeHSimC.fl CWII,HO C RSMeHeHReM neipopM8Ulm • • 

cpeJU{ero IIOJI.fl. MMem MeCTO CJIY'i8.ll, Korna sHa~eHHe '2oX npeBHll!aeT 

Ha rropJi,IJ;OK sHa~eHHe, rr~eMOe ~ aTott Be.JilillliHH B cepenirIHe pe~Ko-

seMeJILHott o6JiaCTH, a ( 112.),, CTaBOBllTC.fl IIOJIOlltllTeJII,HHM. 

Y 
Tl«II 

3HaK BeJI~rum (npR G0=-Q0 ) , T. e. SHaK yrm Heru<cliaJir,Hott 

necpopr,ianmr (ipopMy-m (I7) pa6oTH / 3/), ncerna IIOJIODTeJir,Jmtt x/. 
OTMeT~, ~TO ~eT HeaKCRSJ.lbHOit neipopMRpyeMOCTll ~ep IIpll BpallleHllli 

IIpRBOnHTK paSHHM SaBRCHMOCT.flM OT CilllHa B ~OHaJII,HWC ll He~o

HaJII,HllX (no I) MaTpK'IBWC 8JieMeHTax orrepaTopa ItBMPyIIOJII,ROrO MOMeHTa. 

xi IIpe~pmeJir,HHe 11HCJiemme pesynTaTH, rrpnenemwe HaMirI B pa-
6oTe /2/, conepmT ~CJIHTeJibHYJ) OWirIOxy, HS-Sa KOTOpott TaM 'I< 0 • 
BoJiee IIO,Iij)06HO Ha IrIHTeprrpeTanHH SHB.Ka '1 Ml:l OCTB.HOBHMC.fl B KOHUe HaC
TO.flllleit pal:IOTH, 
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1· 

OTO Il03BOJUieT, B npHmume, onpe,neJUITI, IIapaMeTp He8KCHa./ll,HOCTll ll3 

cpaBHeHIDI 8Kcnepm.!eHT8JII,HHX 3Hati:em 8THX MaTp:li'lHWC a;ret.leHTOB. CJre

lJYeT ID,leTI, B Bll,tty B03MOlltH!le OTJUI'lllUI B COCTOSUiruIX poT~OHHOil IIOJIOCH 

I I M > , He CM3aHHHe C ,necpopMSUHeii, KOTOpHe TalCllte MOryT IIOMlifiTI, · · 

Ha OTHOCHTeJIIiHYIO BeJIH'lrury Ma.TpH'IHHX a;reMeHTOB. B Ka'leCTBe npHMepa 

OTMeTHM SqxpeKT ll3MeHOHIDl: rrapaMeTpa II{eJill ll3-38 Bp81I{eHHJI, KOTOpwi 

MoaeT IlpHBeCTll K j'MeHr,memm He,Itlla.I'OHB.JII,HHX MaTpH'IHHX 8JieMeHTOB B TOff 

o6JiaCTll MOMeHTOB, r,ne pe3KO YMeHr,maeTC.II cnapI!BaHlle. l!T06H IIOKa38TI, 

TeopeTll'l:ecKH o~aeim rropSJ,It~K aq:cpeKTa Y -,necpopr.mpyeMoCTH Ha ,Itlla.I'o

HaJII,HHe MB.Tpll'IHHe a;reuieHTH, MH BH'lllCJil!JlH OTHOmeHHe 

~ 'i = G;,,d'(' ( I,;. 'I)/ a,nt~ ( I:2) , · 

(r,ne Qi~fr= U0 + ::r(I·H) Qof.-{-f[I(ttf)-1] O.OY 
2 .2 . - CTaTll'l:ecrutlt (cneKT-

pocKorrll'l:ecm) K~yrro;rz,Hliii MoMeHT SJ,Itpa). ITo;rz,ay.R:cr, 3Hati:eHIDIMR 
· iKcn . 

Q.,X n O..OY R3 Ta6JI. 2 ·(npll fozo=0.300 H <1o=- (}o · ); MH IIOJIY'laJill 

B nyx.KOHiqleTHHX CJIY'la.R:X 

/52. 
Sm 

'"Er 

1~·- l f,OJ:1- C yti:eTOM flo y. 

f.C(;3 6ea yti:eTa i1.~ Y 

l ~-Ooo c yti:eToM (l 0Y 
1 -

'1 - t.oot 6ea j"leTa Q,.\' 

113 8THX npm.1epOB ~HO , 'ITO ,Itallte B cari!WC 6JIB.I'Ol1plifiTHHX CJIY'l:8.IIX 
1~2. 

(rum Sni ) TeopeTll'l:ecK11 npe,ncKaSHBael.lHtt aqxpeKT nopH.ItKa I%. 
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PesyJII,T8TH, np:r.me,neHHHe B Ta6~ 2 ll 3, IIOKaSIJBam', 'ITO BCe 

paCCMaTpHBa.eMHe BeJI~ ( /J 1. , Qo)( , a0 Y ll ( oR.1°/R.2) z + ) 71.1eHr,ma-

mC.1I no a6coJimHott BeJill'mHe (R "cTa6wrn:snpymc.R:") c pocToM rrapaMeTpa 

~ynMI,Hol! ,necpopwmmi cpe,nHero IIOJIA:. 3Ta TeH,IteHUIDI .R:BJI.R:eTC.R: 06-

mett ,nJIJI BCeX paCCMa.TpHBaeMHX SJ,Itep H np~aeT oco6YJ) BalltHOCTI, BH6opy 

saaqeJm.lI rrapaMeTpa ~io ,nJIJI ~oro SI,Itpa. EcTeCTBeHHHM KIJHTepneM 

B STOM OTHomeHHH 6wro 6H Tpe6oBaHHe paBeHCTBa TeopeTll'l:eCKHX 

(CM. I.8-I.IO)) li 8KCnepm.ieHT8JII,HHX °CT8Tll'l:eCIOOC ltB8,lij)yIIOJII,HHX MO

MeHTOB (sapsma) 

QT(oP _ (1 ilCCn 

0 - 0 

Ilpli BH6paHHOM SHati:emm (ho • TaKoii CIIOC06 @{KCllpOB8Hll.lI ,neipopMaWrn, 

O,nHaKO, IlpliBO,ItliT K Hepa37MHO . 60JII,WHM 3Hati:eHll.lIM r.lo , KOTOpHe TPY.ItHO 

corJiaCOBaTI, C OJ:UlHKaMH paBHOBeCJIHX ,necpopr.18l{Hl!. ThmcHeHHe npll'IHH 

TaKOI! paccorJiaCOBaHHOCTll Tpe6yeT ,ItOilOJIHHTeJII,HOro aHaJIH3a. Ilpll cpaB

HeIDm HalIIHX pe3yJI1>TaTOB c axcnepm.ieHTOM - Ta6JI. 5 !,!IJ BH6paJIR rrapa

MeTp ho - ,nJI/1 KaJr,Itoro HS paccMaTpHBaeMHX SI,Itep H3 axcrrepHMeHTaJII:,

Horo SHati:eHll.lI CTaTH'l:ecKoro ~yrrOJII,HOrO MOl,!eHTa no. ifloPMYJie 1121 

~Ken 
Q., ~ 

" z. 3 l 'Ro l vsi: /320 ( 1 + o.J6fio + o. ozu µ20 + ... ) . 

qTo KacaeTC.R: xoppeRUHH AQ0 (I.8-I.IO) K cTaTmecKOMY ~y

IIOJII,HOMY MOM8HTY, OTMeTHM, 'ITO BMa.It B Hee OT t{JleHOB, OTpaEaXEtl!X 

TpeXMepHOCTI, smepHoro Bp81I{eH!fii, Man IIO BeJIH'IHHe ,~ 3% OT SHati:eHH.II Qoo ) 

H noJIODTeJieH. OcTaJII,HM ti:aCTl> KoppeKUmt LI 00 SIBJI.1IeTc.1I qiYHKUHe:tt 

BeJill'l:HH G0 X , Q0 Y n ,ItHcrrepcHH noJIHoro yr;roBoro MOMeHTa .fI,Itpa 

( 7'=<olI2
/0;>) ll m,1eeT CXO,ItHOe C HHMll IIOBe,IteHHe, OCTaBa.R:CI, B 60JII:,

mllHCTBe CJIY'l:8eB OTpHUaTeJII,H0:11. 
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Ta.611:. 5. CpaBIIemre pesym,TaTOB pac'leTa H BKCllepH:MeHTaJII,HWC 

;nammx OTHOCHTeJU,HO llSMeHemm MaTpli'IHWC 8JieMeHTOB 

KBa,Iij)ynOJU,HOro MOMeHTa Bapa.l{a H cpe;naeKBa,Jq>aTH'le

CKOro pa,ItHyca H,Itep B pOTanHOHHHX COCTO.IIHHJIX 

Lexpt ,. 10', ,1,th (~');;• x·10 4 <~1~ 
RD CE "10

3 IS p·A x10°' 

1,szsm 2.f !D.6 3.1,!0.6 3.7!1.0 S.5!0.6 
2.22 .f.89 

',.8!1.6 u 
1.u5m 0.6!0.6 O.S5 O.Z!0.2 o.t,t, 

,s4Gd 2.6! 1.0 3.00 7.S:!l.3 S.9t0.8 S.Z6 

,siGd 0.6!0.6 o.s4 0.6:!0.2 D.IJ 

'"Er ·2.I! I 0.14 1.90 

'"Yb S.!I, l.7S 4.94 
110

Yb 0. !0.8 /.J/ azst.o.oa 4.0S 

171Yb 
·f.3!0.g 0.08 !0.04 

0.6', l.!JZ 
-/ ! / 

'
14 Yb 

•D.5!L0 -0.09!0.04 
0.7J Z.21 

·2.3!0.9 

171Yb 
-1.6! 1.0 -O.OJ!0.02 

0. 28 D-6~ 
·J.J ~I.Z 
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Ilo Ta6n~e 3 MOlltHO npocJie;nHTI, sa BJIHSnmeM reKca,tte:KaIIOJil>Hott 

;n$p.M8UHH Ha peme~ CllCTeMH (2.22-2.23). IlOKa.SaHlllle rutTD npHMe

poB yitaSHBaB)T Ha npeHe6p8l!WMO MaJille HSMeHemm B SHa'{eH:lmx BWU'ICJme-

MHX BeJlH'lllH npll !>,.,f O • EoJiee llOCJie;nOBaTeJII,Hlitt Y'!eT 8qxl)eKTOB 

reKC8,tt8Ka.llOJII,HOtt :n$PManHH, llO-Blf,ltHMOMY, Tpe6yeT BKJIJl'lemm Bra

MHJlI,TOHHaH H · coOTBeTCTBYJOIIIHX · ett KOMnoHeHTH MYm,TmiOJIIr-My-Jil>TllllOJII,

Horo BSamio;nettcTBHA:; Mli 8Toro He ;neJiaJIH HS-Sa HeBOSMOlltHOCTH CBJISaTI, . . . 

KOHCTa.HTY Ta.Rott CHJili C aKcnepHMeHTaJII,HBMH ;naHlmMll. 

POJII, HCllOJII,SOBaHHWC HaMH OCTaTO'IHWC CM (2.IO), noKaSaHa Ha 

npHMepe Tpex H,Itep 152 Srn , 16~Er. , 110Yt, - CM. Ta6.mwy 4~ IlpHBe-

;neHHHe B aTott Ta6~e pesyJII>TaTH roBopsiT 06 HCKJimHTeJI1,Holl '!YBCT

BHTem,HoCTH pemem CllCTeMll (2.22-2.23) K 3Ha'18HHA:M napaMeTpOB oc

TaTO'IHHX CM; mutHO, 'ITO sqxpeKTH ;ne4JopMHpyeMOCTH H HSMeHeHrut cna

plil3a.HHA: llO'ITll IIOJIHOCTI,D CBJISaHH C HWm'llleM OCTaTO'IHHX CM. 

Boo6me, BCecTopoHHee RCCJie;noBaHHe noBe;neHHA: BWniCJI!ieMHX BeJIH'IHH 

KaK ~ OCTaTO'IHHX CWI llOKa.SHBaeT. 'ITO "cnapliBaTeJII,HOe + (JQ " 

cxeMaTH'lecttoe B~a.IDIIo;nettcTBRe, onpe;neneHHoe TaK, 'IT06H BocnpoHSBO;nH

JIHCI> '18THO-He'leTHHe pa.SHOCTH Ma.CC H eHeprIDI nepBRX BOS6Yl!l'JtelilWX 

f'J _ Iii '{ Bli6panHOHHHX COCTosrad, nepe;naeT ltOppeKTHO _nopH,ItOK BeJIH'lllHH 

_li Ka.'leCTBeHHml xo;n (OT llSOTOna lt liSOTOny) HeB,ZtHa6aTH'l8CroDC 

napaMeTpoB: ,J, (B lil:S~Tonax Sm H Goi, ) H ( 6£ 2 
/ R. i. )

2
+. 

CpaBHeHlie c 8KcnepHMeHTOM (Ta6JI. 5), O;nHa.RO, yKa.SHBaeT Ha liSBeCTHoe 

sammiemre B a6COJillTHHX SHB.'18HHA:X BWUICJI!ieMHX BeJIH'IHH npli npmmTOM 

onpe;neJieHHH napaMeTpOB OCTaTO'IHOro BSaHMo;nettCTBIDI. 3KcnepHMeHTaJII,HH8 

;naHHHe B Ta6~e 5 pas;n~JieHH B COOTB8TCTBlili c liCllOJII,SOBaHHOtt MeTO

;nIU<ott npH llX llOJIY'l8Hlill ( R O - MeTO.It a@>eltTa ,Uonwrepa Ha RJU)S.X . OT

;na'IH; }f A - ~esoaToMHHe sitcnepHMeHTH; CE - KYJIOHOBCKoe · BOs6yi&

;neHHe xi; :rs - HSOTOUll'lecKd C;nBHr) • .ziamwe BSJIT~ 113 pa6oT /I3 ,I4/. 

J x/ B CBJI8li C STHM OTMeT:l!M, '!TO SHB.'lelllie (H SHalt) napaMeTpa 
uv nOJlY'IeHHoe B BKcnepHMeHTax no ltYJIOijOBCKOMY BOS6™eH!il:D, 

He CBR:38.lfO C COCT~ ~ OCHObH02 pOTanHOHHOff llOJIOCH. 
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3HaqeHlill OTHOCHTeJILHOrO HSMeHeHlill cpe,ItHeKBa,ttpaTH'lHOro pa,I(HYCa 

(oR.l/~?.J+ , no.71Y'lemme Ha OCHOBe npe,I(JIOllteHHOtl B / 2,3/ qieHOMeHOJIOI'H-z . , 
qecKoii Mo.I(eJili, HaXO,ItllTCJI B xopomeM KB.qecTBeHHOM corJiacll'.H c aKcnepli-

MeHTaJILHHMII'. ~a.mruMll /I4/. 

Orrpe.I(e.nemmx saKJimem Ha cqeT xapaKTepa noJJyqaet!HX MaccoBHX 

BeJJll'lHH ( UoX ,. t2o Y , ~R.t/R.2J·+ > C,I(eJiaTL HeJIL3JI ll'.3-Sa OTCj'TCTBHJI 

8Rcnepll:MeHTa. MOlltHO OTMeTliTL, ~o XOTJI B rrpe,I(JiaraeMott cxeMe HetlT

poHHaJI II: IIpOTOHHaJI nO,I(CliCTeMH TpaRTOBaJlll'.CL e,I(HHHM cnocodoM, Kalt 

rrpaBMO, OHII'. Be;IzyT ce6JI no-pa3HOMY, 8To doJiee CMLHO BUpa)leHO B 

"MSirKll:X" liSOTonax B Haqa.ne ,I(eqiopMll:poBaHHotl o6JJaCTli. HeKoTopoe "oo

r~coBaHI1:e" rrpoTommx II: HeiiTpommx xapaRTepliCTmt no~eTCJI 6.naro

.ztapJI HBJill'lm:> cMemaHill:lX (11p) KOMnoHeHT y (lQ. -cwm (2.10); RaJJteT

cJI, qTo IIpOBe,I(eHll'.e ,I(OIIOJIHll'.TeJILHOro CaMOCOrMCOBaHlill nyTeM BBe,I(eHil'.JI 

8qqJeKTHBHllX 3apJI,I(OB ll'.MeeT CMHM, 

l:,IIBpOCKOIIH'leCKll'.e pacqern: He.I(MdaTH'leCKll'.X aqxI)eKTOB B paMKaX 

KOHBeHIU,IOHBJILHOtl !tp8mm:Hr-MO,I(eJIH IIpOBO,I(MliCL B pa6oTax /I5-I?/. 

0,I(HaKO' IIpJIMOe CpaBHeHll'.e c pesyJILTaTaMH, npHBe,I(eHill:lMH B Ull'.THpyeMHX 

pa6o'Tax, HeB03MOlltHO. TaK Kalt liHTepecl:l-8.BTOpOB dwm Harrp8llReHI:l Ha 

OTRJIOHeHil'.JI B 8HepreTll'leCKll'.X cneKTpax /I5,r7/, I1JII1 OHII: HCIIOJJL30B8J.li' 

.I(pyrHe oc·raToqHI:le BSaHMo,I(etlCTBil'.JI /IB/_ Bce-TaKII'. KOCBeHHM HHqiopMa

Ull'.JI o 3HaKe napaMeTpa Y , no.71Y'leHHM ll'.3 sHaqeHlitl -l- -qiaK-ropoB /IS/ 
II: 0 XO,I(e '( C pocTOM yrJIOBoro MOM_eHTa ll'.3 QL (w) /I7 I BilOJIHe cor ;:acy

eTCJI c Hamll'.Mli pesyJJLTaTar,m:. 

ltiMe:BlJll'leCJI 8KcnepHMeHTMLHI:le ,I(amme O BeJJll'lHHe 'f II03BOJUIDT 

yita3aTL Jili!IlL rpaH,mH 3qqJeKTa HeaKCHaJILHOtt .I(eqx>pMlipyeMOCTli JI,Itep, 

rrpuqeM TeopeTll'lecMe oueHIDI YRJia.rtllBalOTCJI B STli rpaH:imu (cM.Ta6JI. 6) 
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TadJI. 6. Ouemm rrapaMeTpa HeaKCRSJILHOtt .I(eqiopMRpyeMOCTll 

aToMHllX JI,Itep no .I(ammM o rrapaMeTpax o( II: b ( R.1 ~-+ 

151. Sm 
'5" Sm 
W( G<J 
15, Gd. 

Y.1o'~ a1tcnepID11eHT 

0,87.±I,54 
I,34,±I,48 
I,51,±2,87 
I,07.±I,48 

Hamll oueHKH, KaK li pesyJILTaTll .I(pyrll:XpacqeTOB /I4,I7{ CBli,I(e

TeJILCT:syDT, qTo.Bl)ameHlie JI,Itpa BllSI:lBaeT HeKOTopoe COitp81lleHll'.e nOJIYOCli, 

nepneH.ItHKYJIJipHOtt OCli npli6JilillteHHott aKCHMLHOii CliMMeTpliH li HanpaBJierum 

yrJIOBOro MOMeHTa no OTHOmemm K ,I(JIHHe nocJie,I(Heil OCH. ,UettcTBll'.TeJILHO, 

CJ!j"t8Jl Y~o COOTBeTcTeyeT HeKOTOpoe YMeHLWeHll'.e a6COJIIOTHOtl BeJIIl'.qli~ 

Hll (OTpH!laTeJILHOrO) cneKTpOCKOIIll'leCKOrO KB8,I(IJYIIOJILHOro MOMeHTa 

COCTOJIHil'.JI, Bll3BaHHOe pa3Jill'llieM nOJIYOCett JI.I(pa B IIJIOCROCTli,rrepneH,I(HJtY

JIJIPHOii OCH CliMMeTplili. EcJIIt yrJIOBOii MOMeHT HanpaBJieH B,I(OJIL OCR I. 
• 

a OCL CitMMeTpll:H•- OCL 3 (CM, pliC. 2), TO crreKTpOCKOIIll'leCKHtl KB8,ItpY-

" nOJILHI:ltt MOMeHT rrponopUil:OHaJieH / 3/. 

rl - f (' z. +cL >, 
r.I(e tl, , ' , C - nOJIYOCli 8JIJIHIICOli,I(a KB8.lU>YilOJILHOro MOMeHTa JI.I(pa 

- ~ 

B,JtOJIL BfiYTpeHHitX ocetl I,2 I1JII1 3 COOTBeTCTBeHHo • .IlJIJI BllTJiffYTOro 
2 ,z. Z. M JI.ItPa a. :::-c, < C , II: YMeHLWeHlie a6cOJIDTHott BeJill'lHHll llCo ll'.S-3a paMH'lM 

2 & . , . z. p& a. H i osHaqaeT OTHOCll'.TeJILHOe yBeJiliqeHlie a. II: YMeHLmeHHe " • 

06cyimaeMI:lii aq'xIJeKT MOllteT pacCMaTpliBaTLCJI Kalt O,I(HO 113 IIpOJIBJieHlitt 

.I(Blilltemm JI,ItepHoro Be~ecTBa no SaKOHaM ll'..I(eMLHott.Heclltll'.MaeMotl lffl.ItKOC

TH • .IlJIJI ycTaHOBliBllleroCJI 6eSBHXpeBOrO ,I(BlillteIDIJI B li,I(eaJlLHOii HeClltID,'la&

MOii lffl.ItKOCTli cnpaBe.I(JiliB saitoH EepffYJIJIH /IS/, corJiacHo KOTopor,iy IIJIOT

HOCTL KRHeTRtleCKOii 8HeprliR li,,I(aBJieHlie B lltli,I(KOCTli CBR:SaHI:l COOTHome

HHeM 
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3 

) - :l 2 

{JJ 

Plic. 2. 

ilpH Bpantemrn ynpyroro TeJia C IlpO'AOJILHOff 'A$pMaW{ett 
' OTHOCHTeJILHO OCH I oinmaeTCJ1 YMSHLmeHHe OTHomem.m 

B/a, SMH TSJJO Ilp8'ACTaBJISieT coooa COCY'A, B XOTOpOM 
SaKJIIO'JeHa H,IteMLHaJ! HSCJmMaeMM: JJm,!UtOCTI,, ,ItBHJeylltafICJ1 
no SaKOHy IlOT€HlUraJILHoro TeqeHM. 

p?J'l 
- + p = coni;.t 
2 

Pacnpe'AeJieHHe CKOpOCTSH BO BPantaDIISMCJl COCY'Ae, CO'Aep~eM H,IteM:E,

HyD JnmKOCTL, B,I(OJII, JIHHHU SKBaTopa (OTHOCHTeJU,HO OCH CHMMeTpIDi) 

HMeeT BH,It /IB/ (CM. pHc. 2) 

1J"(ii)= wl. (62-cz/ cfta,z)] 
((/+cl l 

r'Ae x' , ~ 1 
, . l 1 - npoeKr(HH Toqirn TMa Ha OCH I, 2 H 3 BHyTpeHHefl 

CHCTeMH KOOp'AHHaT. OTCJQita Me~eT 

min p ~· P6 1 ni&1.x p= PA 

Q,(w) > '(W), '{>0 , 

CJre'AOBaTeJU,HO, B'SKBaTOpliMLHOfl IlJIOCKOCTH 'AaMSHlie MaRCilMa.Jll,HO 

B HanpaMeHHH yrJIOBoro MOMSHTa H MlllmMa.J.ILHO B nepII8IW1KJJIJipHOM Ha-
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np~emm. Ilo8TOMY 'A8~0PM8.UID!'., npH KOTopott OCL nepneIW1KJJIJipHal! 

yrJJOBOMY MOMSHTY COiq)alllaSTCJl Sa cqeT yi:ieJI~SHHH OCJ<l, HanpaBJlSHHOfl 

B,I(OJII, MOMSHTa, IlpHBO'AHT K BlllirPHillY SHepre Been CHCTeMhl. B 8TOM 

Moimo y6e'ARTLM R OOJiee Henocpe'ACTBeHHHM o6pasoM, nom,sync:& HS-. 

B8CTHHMR ~PMYJI8MR 'AJill,MOMeHTOB RHepwm B rn,Jij)O'ARH8MR'l8CKOtt MO'AeJIH 

JW)a 

'YJC ,.., si1/ ( t _ 2r, '>t) 'JJ 3 ' 

C~a.D MaJlHX IlOJIOlltRTeJILHWC SHB.qeHRfl IIapaMeTpa y COOTBSTCTBYST 

'( > o H KaK Me~eT us nocJie,JtHeff ~PMYJJH, HeKOTopoe YBeJIR'leHRe MO

MeHTa UHepuo OTHOCHTSJJI,HO OCH BPaI!ISHHH (OCH I). 
0TM8TliM, qTo Taitrui 'A8~PM8.UID!'. npe'ACTllllJllJSTCJl CTpaHHoff, eCJIH 

paCCMaTPHBaTL JW)O RaR Bpa!li!Ulll88CH TBep'AOS TSJio.3aMeTUUme TaKoro 

pO'Aa BHCKaSaHO B pa6oTe /IG/. EcJIH'rHJtI)O'AHH8.Wl'l8CKM MO'ASJIJ, npaBMLHO 

OTpaEaeT 'ABHllteime MepHoro Be~ecTBa npH 'AOCTaTo~o 60JILWHX yrJIOBWC 

MOMSHTax, BOSMOlltHOCTI, YMSHLWHTL KHHSTR'ISCKYJ) 8Heprmo sa cqeT HeaK

CHSJILHoii''Ae~pMB.UliH MOllteT IlpHBSCTH K .. ~SOBOMY nepexo~" HS aKCHa.JIJ,

HO CRMM8Tp~oro.COCTOHHHH K COCTOHHRID C 'AS~pManHeff, npH KOTopott 
~ ' ' 

MOM8HT HHepi:vm OTHOCHTeJILHO OCH BPaI!!8HHH M!UtCID.18JieH. B rHJtI)O,ItllliaMH-

qecKOit MO'AeJIH npH qiaKCRpOBaHHHX sHB.qemmx Bcex napaMeTpOB IqlOMe 't' 
TaKHM JlBJIHSTCJl COCTOHHlie C 'f = 1. • y MOBHe ~SOBOro nepeXO'Aa 

& ' 
MOlllHO HaIIHCaTL B BH,Ite 

'rot (I) > 'I '1f;nfr (( = f- 't'-0 ), 
(IH/.}2t/ 

r'Ae &r~ ~ 
2 
7

0
'2 - aaeprM BPaI!ISHWl, H.ai!:.lteHHB.H B npeHe6pellteHHH 

Hea,n;lia6aTHqeCKHMH &qqJeKTaMH, /J Eirrlr· - HS6HTOK BHyTpeHHeff 9HeprIDI 

B COCTMHHH C 'f • f IIO CpaBHemm · C BHyTpeHHeit 8Heprzeii B OCHOBHOM 

COCTOJlHHH. 

IlO'A06Hall MO'A8JII, ', HSM8H8BIDJ ~PMH Mpa Hs-sa BPaI!!SHHH. paccMB.TpH

Ba.liaCI, B CBJlSH C "&qxpeKTOM paSB8TBJI8HWi" tor}<ing /ZO/. OHB. B co-
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CTO.fIHHH 06'1>1ICHHT1, pa3BeTBJie~e. O.I(HaKO IIpHBO,JtHT R PH.ltY oco6eHHOCTett 

pOTB.UHOHHHX COCTO.JIHIDi, .3RCIIepHMeHT8Jll>HOe IIO,JtTBepir.neune ROTOpl:lX OT

cyTCTByeT. OTMeTHM. 'IITO Ha.JIH'IIHe Ta1totl .necpopi~ OSHa'liaeT • 'IITO B 

COCTO.JIHIDIX BWlle (!)8.SOBoro rrepexo.na .norJKeH OTCYTCTBOBaTl> crreRTpOCRO-

ITH'lieCRlitt KBa.JtPYITOJil>mnl MOMeHT / 3/_ EMee CYll!eCTBeHlllilM .JIBRaeTca CJie

.uy~ee 3aMe'liamie. ~aTl> ITMBJIBHlla OIIHCaHHOtt HeaRCHaJil>HOii .necpopMa

LUm MOl!CHO TOJil>RO ,nJIJI TeX COCTO.Jlmtli. B KOTOpWC HMeeTca cnapmiaHHe 

CBepxnpOBO.nsmtero THITa. Il03TOMY (!)8.30BHtt nepexo.n OT aRCHaJil,HOro co

CTO.JIHIDI K COCTO.JIHHJO f • ¾ ,JtOJ!JltBH npOH30RTH ,no q:830BOrO rrepexo,na 

OT CBepxnpOBO.nsmtero K HOpM8Jll>HOMY COCTMHHJO. ECJIH C'IIHTaTl>, ltaR 3TO 

npHH.fITO • 'IITO ITOCJie,nm nepexo.n )tOJ!JlteH HMeTl, MeCTO. H ,nonyCTHTl> HaAH

'IIHe nepexo.na 1t HeaKCHaJil>HOMY COCTO.JIHHJO, TO MH o6HapymrnaeM, 'IITO 

"B MOMeHT" nepexo.na lt HOpMaJil>HOMY COCTO.JIHHJO yrJIOBO:li MOMeHT aTOMHOro 

.Jl)tpa HanpaBJieH B,JtOJil, BayTpeHHeii OCH C npoMexyTO'IIHHM MOMeHTOM HHep

UHH. BpatlleHHe BORPyr 3TOi1 OCH HeycTOtt'liHBO H H~ COOTBeTCTByeT Hll o.n

HOMY H3 HH.l!ta.ttuIHX COCTO.JIHllli C sa,naHHHMH yrJIOBHMll MOMeHTaMH (COCTO.JIHIDi 

;rrast - JIHHHH .Jl)tpa). lllWMH CJIOBaMH, B paCCMa.TpHBaeMOH CHTYaI.Um ne

pexo,JtN H3 CBepxnpoBO.nsmtero COCTO.JIHH.Jl B HOpMa.Jil>HOe ,JtOJDKHH I;HTeHCHB

HO aa.ceJI.JITl, B036~eHHHe COCTO.JIHH.Jl HOpMa.lil>HOti (!)8.SH. OcHOBHOe COCTO

.JIHHe HOpMaJil>HOti (!)8.3H ,JtOJilltHO npH 3TOM 6HTl, MeTacTa.6HJil>HllM • 

IlpH OKOH'lia.TeJil>HOti ITO,JtrOTOBKe PYKOITHCH MH ySHaJill O HOBHX ,Jta.HHHX 

IIO KBa.JtPYITOJil>HOMY B38HMO,nettcTBHJO .f< -Me30Ha C .Jl)tpa.MH ll30TO~ 

HTTep6H.JI. Ha OCHOBa.HUH peayJI1>TaTOB .JtJI.JI OTHomeHH.JI 'f 8(EZ; o~:i) /~t
(B Ta6JIHUe 6 pa.60TH 1211) H H3BeCTHHX SHa'lleHIDi r/., (CM, Ta6JIHUY 5) 

,nJIJI napaMeTpa. Y IIOJIY1i8eM OUBHKy 

H-'tyG : Y = + ( o.gd0.6'7).fO-~ npu 
-3 

~= -(.2.3±0-9)./0 

IK> Ylo : Y "' + < 6.:10 ± o.tY)- ~o-3 rrpH .I. = -(1. 3t {.Z)-JfJ-3 

3Ha'lleHHe napaMeTpa y B 11~ Y (; no,nTBepir.naeT npe,ncRaaaHHe 

TeopeTH'lieCRlDC pa.cqeTOB O IIOJIOlltHTeJil>HOM 3HaKe 3TOti BBJIH'IIHHH. 
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ABTOpH 6Jiaro,napaT npoq)eccopa B.r.CoJIOBl>eBa sa IIOCTO.JIHHOe

BHHMrume K pa.6oTe. 

ABTOpH HeO,JtHORPaTHO 06C~aJIH BOIIpOCH, IIO,JtHHMaeMile a,nec1,, 

c .noueHTOM E.Ha,rtlmROBW~H c"6Jiaro,napHOCTl,JO OTMe'lia.JOT MHOrO'IIHCJieH-
,~,... f 

HHe npe,nJIO.llteHIDI ,c.ne.namme HM. MH IlpllSHaTeJil>HH Taroite .noKTopy 

qJH3HRO-Ma.TeMaTH'IIBCKlIX HaYR 3.EOXHa.UIGI ll RaH,Jtli,I(aTaM ~3llltO-MaTe

MaTH'liecKHX HaYR E.E.EaJI1>6yUeBY, c.~ayeH,nopipy 11 B.B.IJanuteBH'IIY 

aa IIJIO,JtOTBOpHHe .JtllCKYCCHH. 
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