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, 1. B .a e .,n e a: II e 

'IS.CTHU HBnHroTCH O.rtHOfi a3 xapaKTepncTnK nx 'aneKTpOMBrHliTIIoit CTPYK'I'yph!. 

l1cnollbsoamme aTnx KoaljlljlnnnenToa OKasanocb nonesl!biM .nnst. TeopeTu'IecKOfi nll!- ;. 
. . l . . 

TepnpeTS.UHII 9KCIIElpiiM9HTallhHbiX .QS.HHbiX IIO paCCElHHRID y -KB8HTOB Ha !:pOTOHaX 

II npn ynpyl'OM pacceHHHli MenneHHbiX HefiTpOHOB 'l'IDKe.llbiMH ll,rtp8Mli Ha O'le!Ib .MS..; 
/1 I · . . 

nble yrnhi , nony'leHne COOTHOmeHnfi M9JK.QY' nonsijlii3Y9MOCTHMtt ·pa3HbiX 'l~CTHil 

TaKJKe npencTaansteT onpeneneHHhtfi nHTepec. Ha ocnoaannn' o6mnx coo6paJKemrfi? 
/2/ . 

OTHO<;nTenbHO CTPYKTYPbl ane~TpOMS.l'HliTHOl'O TOKa B paoOTe . ObinO IIOKa38HO, 

'ITO aneKTpn'IecKaH a Mal'HH'l'Hast nonstpasyeMOCTn qacT~u.ns Mesonnoro n 5apaon-
, ' /3/ 

aero MynbTHnneTOB 38BliCHT• acerQ .llHmb OT JIBYX KO!ICTS.IIT. B /:lpyrofi paOOTEl , 

IICXO.I:tSI H3 pe30!IltHCHOH Mo.r:tenn li liCII01lh3YSI ll9KO'X'Opb!9 cne,QCTBHSI li3 SU (3 ):-cnM:,;.. 

IVieTpafi .nnSI aneKTPOMarnnTHhlX pacna.noa1 aaTOpbi n;ony'Innii oue!IKII: .r:t.ltH MBl'HIITliOfi 

nongpiisyeMocTn· rr - II K -Mesonoa. 

14 fj/ 
-- B HS.CTOHmei!: paoOTe ncnom.3yeTCSI !IepenSITIIBIICTCKS.SI COCTD.BHS.SI MO.QElnb ' 

·aneMeHTapHb!X t{8CTIDI, o6na.r:taromaH SU (6)- CliMMeTp!Ie}t, B KOTOpofi Me3Q£[bl lL, 

6~p,UOHbl paCCMS.TpHBS.IDTCS! COOTBe'l'CTB9HHQ ~K caSI3a!Iable CllCT9Mhl B. S -COC'l'cS!-

'\ 

HHll li3 'KaapKa li 8HTliKB8pKS H li3 TpeX KBapKOB, 3neKTpHqeCK8Sl II Mar.HliTHS.Sl ilo-<. • 

nS!pnsyeMOCTn cncTeMb! caSI3aa·nb!X qaCTRll a .nnnollhHOM, npnonnlKelliia onpenen$1roT-

CS! K~K KOaljlljlnuneHTbl nepert HaupiDKeHHOCT~ CO!)TEieTCTByromnx nonei!:: a;ng liHrtr;:.. ; ' 

llllpOBaHHb!X ,QHIIOllhHb!X MQM9HTOB 

.. .. 
d "'a E; e . (0 

3Tn )l:oaljlljlnUHeHThl 1 aoo6me roaopSI, smnstroTCH TC!H30pHblM:II Ben!t'lHS.MU, l.!TOObl ~bi

'IHCnHTb nnTepecyiDmne nac KOaljlljlnnnenTl:>I a n f3 , JtYlKHQ ~HTb- MaTpti"IHble 

aneMeHTbl Onepa'I'OpOB .QlliiOllhHb!X MOMeHTOB M9lKJIY COCTQSIIIltS!Mli, OIIliCbiBaiOillliMli 
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xaapxoayro cncTeMY. a ·njJHcyTcTann anexTpn•Hicx6ro. nnn Mars:nTHoro nonefio 8TH 
. ··. . . /4/ 

· cPYIIKllHH SIBlimoTC5I pemeHHBMH ypaB!ISS:Hll THIIa llipeJ:UIHI'epa , . Allll paCCMaTpHBll~ 

..J MOH. CHCTSMbl B npncyTCTBHH BIISlllHero B03MYlllll!Olll9I'O 9liSKTpH'ISCKOI'O HliH MBI'

.:.·HnTHOI'O nonn..· ITociom.xy paccMaTpnBaeMo~ ·BOSMYmes:ue napymaeT SU(6) -cuMMeT-
. . ' . -

PJIIO~ TO IIOlil!pH3YSM0CTlt 'l:aCTHll, BXOAllmHX B OJlHH MYilbTHIIliST, 6VAYT, B006me ro-
. . . M/ . . . 

BOpll, pa3nH'IBbiMH, KaK H B pa60Te , 3A8Cb He yqHTl>IBaiOTC.II B3aHMOAeACTBH.II 

MSJK.QY B03MYlllll!OlllHM 9liSKTpOMai'S:HTHbiM IIOliSM H IIOli.IIMH. B3aH,MOAeACTBHB KBapKOBo 

llpeAIIOlilli'llSTC.II TaK:lKe, 'lTO' KBapKH He HMSIOT C06CTBeHHOA 9JlSKTpQMlli'S:HTHOH 

CTpyKTypbi, 

BOnHOllhle cPYllKIIHH, .OIIHCbiBll!OlllHS M830Hbi H 6apHOHbi, HMSIOT TOT :lKS BliJl, 'ITO 
. /6/ .. 

H B.liSKllHH .llaliHTIUl '· npB 9TOM Mbi 6yASM npeAIIOliai'llTb, 'ITO B036y1KAeHHe !IpOHC-

·xonHT OTIIOCHT~JlbHQ' op6HTllnhiiOI'O MOMSHTa, 

2o 3IIeKTpR<I~K~Ut IIOnl1JlR3yeMOCTb M830HOB R 6aplfOHOB 
I ' 

\ 
• B :cnyqae trceaAocxannpHhlx H aeKTOpHbiX Mesos:oB, pacc~aTpnaaeMbiX KaK <;:Bsr-

38HIIl>IS CHCTSMbi H3 ·KBapxa H llHTHKBapKa B OCHOBHOM COCTOBJtinr, OnepaTOp AHIIOnh

HOI'O MOMSHTll STOll i;RCTSMbi· 3aiiHCbiBaeTCll B ,BHAB 

~A'· . -+ A' 8 A' B · 
dAB'= er(QA 8 B'+ 8 A Q B,), 

r)le A,B:o1, ••• ,6 YHH'I'apRo-CllllHOBbie HHAeKcbi, Q OnepaTOp 9liSKTpK~eCKOI'O sap~a, 
. ~ 

e 7" anexTpnqecxnA aapsu:t npOTos:a n. r -paAnyc-BeKTOp KBapKa B· CHCT~M~ llSfiTPa 
' \ 

Mace. / 

'' I, 

Bhl'lBCliBB AliS! 9TOI'O onepaTopa MaTpK'IHhle aneMeHTbi C TO'IHOCTbiO AO nepBOI'Q 

.nopSul~a: no B03MYlllaiOII(SMY liQliiO (c noMOlllbiO o6bi'IHOii Teapnn B03MYlllSHHli) R 'cyM-

'MBpyll no YHHTllpHQ-CIIHHOBbiM HHASKCBM, IIOliY'IHM! 

- -2 - '-2 
dTr <l><l>"'>.e E(Tr<l> Q <1>+2Tr<I>Q<I>Q+Tr<I><I>Q ), (2) 

rAe >. ·- xoncTaHTa, <1>.- <IJYs:xnnn 35-Meps:oro npeJlCTaBnenasr rpynJil>I SU(6) o 
• ,Q_ .. :· . • ' ~: ' I 

llpn aToM E= (O,O,E)o CpaaHHaasr cjJopMynbr (2) n (1), s:aliJleM coOTnomenns MeJK-

' AY 9liSKTpli'ISCKHMll IIOlil!pH3YSMOCT5IMH M830HOB! 
! 

a = .! a =·.! a "' = ....L a o= .1. a = i1 a o = 
c:h 4 k n 4 '>' 10 17 6 I) 6 1)17 

1 .. 
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HHASKC ch 03HB'IBST 3)l8Cb 3BP,ll1KS~Hbl8 M930Hbl H3 IICSB)lOCKBlil!pHOI'O OKTe-

• Tll' B BSKTOpHOI'Q HOHeTa, a HHASKC 'k n ·-aeiiTpanbHbie ·K -MS30Hblj · a 
xy 

Hbie aneMeHTbi · COOTBeTCTBYIO~BX nayxcjJOTOHHbiX pacnanOBo , . -

MaTpB'I-· 

OrrepaTop ane~tTpll'lecxoro Jlllllam.noro M~Mel!Ta CSap~oHos 3aiiP:cl>lllae-rcJ( xax 
~ . ' . 

''A's'c .... A' a' c' ... A' s' c' ..... A~ a' c' 
dAsc"' e(rlQABB 8 c+r2BA QB 8 c+r3 8A 8 8 Qc)• 

I' A~ f 1 (I= 1, 2, 3) - PBAHYC-BeKTOp I -TOI'O KBapKll B CHCTeMe .neliTpa MSCC. . 

llons:ast llHTHCHMMeTpB'lBllll B0JIHOBa5I cPYHKIIRSl oapllQHOB B. &TOM-~~ aatta- .,·
CbiBaeTCg B BRAS 

A'a'c'- · ·. 
1pABc(rl,r2,r3)=<frr(rl,r2,r3)BABC+ n:l(cn)Asc t/>n(r·l,r2,~3)BA'B'cf'. 

A 'a'c'' 
A'a'c' 

+ I ' (dD) ABC 
n 

fn(rl,r2,r3 >,AA'a'c' + I 
b 

A's'c' 

A's'c' 
(e ) A q (r ,r.,r )CA'a'-" 

D BC D 1 2 3 .' . (;I 
A'a'c' 

' 1 r~e ~~(r 1 ,r2 ,r; }, fn(r
1

, r
2

, r
3

) 11 q n ( r 1• r2 ~ r 3 )- 'UICTH mlltltQBoi cjJyl!ItiUIH ll-Torc> ·. 

cocTostnnsr c onpeAeneHHoll:. cnMMeTpHell:· </> - SHTHC~'lHI'l.ll WHKIIR.II O'TBoCll-,.. , D 

TSlibHO nepeCTllHOBOX lii06biX AByX XOOP,JU[Ii:8Ti l - CllMMSTPIAHI'llli a q ' -, oeina-
. n _n 

JlaeT':cM:emans:oli cnMMeTpnell:; 'B, A , C muullincsr YRRTaps~ciiHHOllhiMx otac-

,TllMH aonnoablx ciJys:KllHA: 56-, .20-x n 70-'llJie'l'a cOQ'l'B~TBeHHo n, naxonen, c , d i . 
e- xoacjJijlnuuenTbi, noAn:e:lKamRe onpeAeneHHro. 

, B paCCMllTpHBaeMOM HSMH cnyqae OJUi3l>IBBSTCli, 'ITO OTliH'I~ OT IJYJISI TOllbKO 
. • A 'a 'c' · · ' . . 

KOacjlcjJnnneHTbi (en) ABC . o Hcnam.ayJ( CRMMEt'J'pHIO np()C'fpaBCTBeHBl>IX clJyiiKIUifi 

qri n sn , nonyqaeM: 

a1_ 1=aA++ "'aioA= 0 

ap"'an=a!+=ai 0 "'aA=aM-='aL\ 0"'ai~"' aig"' aEB"' r e 

I'Ae f e - KOHCTSHT8:1 8 (-.)- o/JllillSTSllbHO aapmKeHllhte oapli:OHbl, 

3o · Marnn'l'nasr nonsrpnayeMocn, MeaonoB n 6apnos:oB 

(4) 

· OnepaTop MSI'HllTHOI'O nnnom.s:oro MOMSHTa a CJIY'Ille Me30HOB1 HllXOJtS!IlUIX¢.1( • . 

B MarsnTHOM nona c aexTopHl>IM ·IIOTesnxanoM A(r) , MO:lKeT 6biTb npenCTl1BneH r · , 

B BHAS! ,. 
' "' BA' 1 ~A' ~ B A ' ~B -o 
(d )Aa'"'-~[(JA xrq)8 5 ,+8A (d

5
,xrg-)l, 
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.. 
rne C- CKOPOCTb CBeTB, B Sl19KTpOMarH.HTHblll TOK KB.!!pKa - j · aanttcDIBBe'l'(:R ..... . 

e2A(q) 2 :, ; .:.A' 
:-;:;;;--:- ( Q ) A - C X Jl A • (5) -

... 
~A' - ep , 
j (r )-=--~-QA+ 

A q M A 

3necb P
2 

, M ,··ll HMIIYllbC, MaCCa H MarH.HTHblll: MOM9HT KB8pKa, COOTBeTCTB9HHO, 

-TaKHM lKe MeTOltOM nony'!HM 

- - 2 - 2 
d Tr <ll<I> ., ,\ II (Tr <ll Q <ll + Tr <I> <I> Q ), m , m . , ·; 

(6) 

rne 
2 

,\ ., __ e_<rz> 
m 2Mc2 M • (7) 

. 2 

a < r M >. - cpenaexsanpaTH'JHblfi paneyc Meaonnoll: CHCTeMhi. .llnR onpenenenaOcTn .. 
Mbi rronoJKHna anecb A ( r)., (-Hy, 0, 0). 

Ha ljlopMfnbi (e) cnenyeT, 'IT.O 

-1 . 1 . 1 1 
- f3 ., -·{3 ""- f3 o"' -{3 s.e 2~ 5" 3'7 

1 1 - 1 -11 ., - f3 ., - fJ ... 
5 pO 5 1'<>.2·<1> (8) 

y3 1 
"'''if3'1TTo"'?;f3ill(JO"' ,\m 

EcnH C'IHTaTb, .'ITO llapymenne SU (6) - CHMMeTpllll. Bbip.!llKaeTCH B TOM1 'ITO 
., • ' !'-

Mace~ 'laCTJUl JlBHJIOro MyllbTI!IIlleTB p83Hbie, B TO BpeMSl K&K BOJlHOBhie «J>YmtiUIIi! 

OCT/iiOTCSl T9MH lK9 CSMbiMH, TO K BbipalKeHIIIO (6) cnenyeT rt06aBI!Tb 'll19Hbl cne):ly~ . 
mere aHaa: 

::r <Aip 3 l B> <Bip
3
1 A.> 

j8> c 2(m ...:m ) - ' 
lA> 8 A 

'I 

r rne cocTORHHSI I B > · sxonnT B TOT lKe CSMhifi SU (6) -MYllbTI!IIlleT, 'ITO II COCTOS!HI!S! 

I A> , a mA x m8 - !IX MacChi. ITpx sTeM see MaTJlK'mbla sneMelttN <AI fl 1 n> · · . . · · n1 · 3 

'BbipalKBIOTCSI 'Iepe3 MarHHTHhifi MOMeHT rrpOTOHa • llpHlliiMS:S!, 'ITO M ,..tO fas 'I! 
. · N -t3 .. 
< r~ > = 0,5 ·to eM,, nonyqaeM: 

--1A ' 1 
f311 o= 10,8 ·to '" CM~ · 

-44 3 /3
11

±= 0,2 •tO CM . 

{3 . . f3 -44 3 
k o = ;o .. 8,3 •10 c;M 

{3 ·+ .. 0 8 lD-44 3 
k- t • GM 

. {3'1 .: 23•10,:.44cMg 

I 
P o •-o 4•to--H J p • I • CM 

{J p ±=-0,7 •t0-44C-M3 

f3tu .. f1k*o"" -8,3•10-44cM3 

f1w 0.-15,7•10-44CM3 

f3<I>=-25,4·1o-4
4
cM3 

.llnn 6a_jll!OHO:EI onepaTOp MarH.H'l'HOrO ltHHOllbHOrO MOMenTa IIM9ST Bl!lt! 
" Bl B 8 ' 1 ~ -+ -+ ~ j -+ B B 8 
d 23 (r ,r,r)-=--,-_(Jxr+'j xr+· xr) I 2 3 
AAAI23 c 112233AAA 

I 2 3 I 2 3 ' 

6 

(t:l) 

,. 

.. 

:.I. 

r 

! __ , 

rae -j (1-=1;2,3)- aneK'l'pOMarH.HTHbiH TOK 
l ' 

I -Tore KBapKa, aa'aanahlli: BbipaJKemleM· 

(5). Toraa H3 (9) nony'IHM 

J::'rte 

- -A A A 2 A' d TrBB-=riiB123(Q)lB, , 
m m . AI AIA2A3 

ez· 
r-=----<r2>, 

. ,m 2M c2 8 

< r~>- Cpe.QHeKBa.Qp.!!TH'IHhifi palliiYC 6apHOHHOfi CIICTeMbl, 

(tO) 

(11) 

· <I>opMyna (10) ,npasoll!IT K cnenyromaM cooTnomeaanM :MelK.Qy Mar.aaTHbiMH nonn-

pnayeMOCTS!MH 6apaOHOB: 

,8( + l "' + f3, -)"' t' f3c 0) "' ~ f3 tl ++"' r m • (12} 

3rteCb (+) 1 (-) II (0) 03HB'I810T IIOliOlKliTellbHO ,aapS!lKeHH~e 1 OTpiiiiBTellbHO 3BpSI

lKe~Hbie H HefiTpanbHbie 6apnoHhi, 

. . % . -13 B cnyqae 6apao.aoa c pa3HbiMII MaccaMa, npaH.HMan nnn < r2> .. 0,8 •10 · CM1 
8 

nony-qaeM cneayro~He aaa'leaa~ A~ ~O~Knne.EIToe Mar.anTHofi nonnpnay~M?CTH: 

-43 3 
{3P= 1,5 •10 CM 

'• . ..., 

-43 3 
{J n = 1 12 • 1 0 CM 

f3 t-,++"" o,4 · 10--43 q~s 
f3t-,+=-2,5·10-43 3 

:-: I 

,B:r+"' 216. 10-43 CM3 

f1;ro= 0,03 •10-43 CM3 

f3;r-·=-1,5 ·10-43 CM3 

{3 ..... o=-0 1 •10-43. 3 
' /::! I CM 

{3 ..... -. =-1 5 ·10-43 3 t:: ' . CM 

fJ A =-0101 ·10-4~CM3 

f3};o A=- 1, l • 10-43 CM3 

CM 

{3 flo=- 217 •1Q-43CM3 

{3 fl ~=-1,5 "10-43 CM3 

=-3 6 •10-43' 3 
' CM f3;r+ 

8 
f3"" o · = - 1 5 · 1 0--~3 3 

k 8 I • 'CM 

{3'<:'-·· =-15·.10-43 3 ' 
k 8 I CM 

f3E a 
{3..:.

/::8 
3 

=-1~4·10-43CM3 

=-1,5. 10"""43 CM ' 

f3 
0

- ,;;,_1
1
5 • 10-:-43 3 

CM 

4. 06cyM.QeHIIe peaynbTaTOB 

'J' 

ilOCKOllbKy KoaljlljlauneHTbi aneKTpli'ISCKHX llOliS!pii3Y,9MOCTefi M~30HOB H 6apno

• HOB OK83biBBIOTCS! 38BI!CIIMbiMII TOllbKO 0T OJ:lHOH. IIOCTOS!HHOfi, yrtBrlOCb UOliTIH,Tl> 
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·'· 

COOTHOlllOHlUI MOlKJly Hl!Mll, Bonee TOrO, HCU011h3Y.S: H3BOCT.IIDIO COOTfiOll!OHHSl MOJI$y 
I ' . 16 71 
8MlllliiTYJl8Mll (Ml) nepeXOJlOB 1 

, Mbl nony•umn 'I.IICllOH.IIDI9 3H8~0HII11 MArRIIT.IIDIX 

nonnpnayeMOCTei!:, I1ony..£ennbre a)lecb peaynhTaTbl · ne npOTnBope'IaT TOM, 'ITO 6b!IDr 
121 

nonyqe,Hbl B paOOTO • 

18 9/ 
B pa6oTaX 1 H3 anannaa 3KCnepnMeHT8llbllbiX Jl8HHbiX UO XOMUTOHOBCKOMy 

·pacceRHnro tta npOTonax n J:tei!:Tponax nonyqenbl oneHKn: 
. · -42 B 

a P .. (0,9 ±.0,4) •lQ t:M l ,. 
-42 3 I 

a n = 1,2 • 10 CM , a na axcnepnMenToB no paccesrnnro MOJlneH.IIDIX Kell'rp()HOB tta 

/10/ -42 3 . -42 . s 
TSIJKellbiX ro:tpax CllOJlyeT, 'ITO - 4,7~10 C?M <an< 6,1 •19 CM • 

KaK BliJlHO, ttOny'IeHHt;lO Bblll!O COOTHOlllOHHe 

p!iM9HT811hHbiM Jl8HHbiM. 

a =a 
P n 

HO npOTHBOpe'Jl!:T SKene-

nnsr MarHHTHOlt nonnpnayeMOCTII axcnepnMOHT8llbHbie JlSHHbiO H3B9CTHbl TQJibKO 
/8/ .. . .· -48 3 . 

Jlll!il ·npOTona f3 P = (2,±.2) •10 CM • Kax nnJ:tno, nonyqea:aoe IUIMH ~lill''NH!le 

Jlll!il f3 P COBU8lll1eT C SKCUepnMOHTOM, 

Mo}!{nO TS~}!te yqec~ COOCTBeHny!O anex;TpOMBrHHTHY!O C'l'J>YKTypy, Jillii rrepen

Tli K MOlle·~, B, KOTOpOi!: xnapxn OOpaayiOT ':xepn 1IaCTnnb11 .oKPY2KOHHOil Me30HHOfi 
. ' .' . ' /11 12/ 

"'my6oil'. Taxne MO)lenn npeJ:tnararoTcsr a paoOTax ' Jlll.S: .o6'&srca:emm t\JOTorr(i)rno-

melill!il n anexTpo:MarnnTnoro pacmennennn MB.cc 6apnonos n Meaonas. 

B aaxnro'Ielilla aBTop Bblpa:lKBOT rnyooxyio onaroJ:tlipJIQCTh B.C~ Bapam~HKC>-

BY 38 llOCTaBlleHHylO 38Jlll'!Y II. BHHM8HHe, . T8K}!{O n.U. ,CTOlWOl!Y• 3. Kanycunky 

.H C.E. repacnMOBY 38 UllOJlQTBOpHble o6Cy}!{JlOHl!SI. 
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