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1o B s e n e H a e 

B aToll pa60Te. paeeMaTpesaeTell ·y31T -saaeMonelleTsee (Toeo npoueeebl ·YIT ;: IT IT ) 

KSK 11pH M8nb!X0 TSK. H npH 60JibniHX 3HeprHl!Xo B o6naeTH. MSnbiX 3Heprull (s6nH3H nopora 

peaKuuu ·YIT· .. IT IT ) eseneHHll o6 aToM saauMoJlelleTseu nonyqeHhi ua aaanuaa npoueeea 

IT N .. IT•y.N 
/1/ ( . npu 340 Mas o B o6naeTH sbleOKHX aaeprull s6nuau p -Meaoaaoro peao-

HaHea) 3TO 8381IMOn~lleTSHe TeeHO esl!38HO e paemmOM p .. IT•Y , 0 KOTOpOM S HSeTo-

l!Wee speMa HMGIOTeSJ MHoroqeeneHHble KoeseHHble neHHbieo MolKHO JIH esll3aT& see 

3TH naHHbiG 8 enHHyiO JlBHSMU'IeeKyiO KSpTHHy ·y31T -S38UMonelleTSHl!? OrseTY Ha 3TOT 

sonpoe s ocaosaoM H nocsl!nieHa naaaal! pa6oTao B no 2 naa o6aop uMeromexea JlSHHhix 

0 ·piT·y -S38BMOJlelleTSliBo npu 3TOM OeHOSHOe SHHMSHHe yneneHO Sb!BeueHHIO esst3H KOH-

eTaHT aToro saauMoJlelleTsug, sseneaabl·x ·a paanH'IHbiX pa6oTax, e mupuaoll pae-

118Jl8o PaeeMOTpeHbl KOHeTSHTb1 0 HeJ10Jib3yeMble npu aHanuae cjloTOpOlKJleHHSI IIHOHOS HS IIH0-
/2 3 4 5/ . /6/ 

HSX ' ' ' t cjlOTOpOlKJleHHSI IIHOHOS HS HyKnOHSX H JlSOl!Horo lj>oTOpOlKJleHBSI ·miOHOS HS 
/7. 8 9/ . /12/ 

HyKnoaax ' ' KpoMe Toro, ·S no~ ynoMeaaeTest o Mon.enu p .. IT·Y paenana s 
/13/ 

p8MK8X eHMMeTpBB SU (3) 0 0 cjleHOMeHOnoruqeeKOll A -'leTHOeTH 0 aanpemaromei! 

aToT poerr8Jl u o6 aKenepuMeHTallbaoi! oueaKe sepxaero npenena mupHHbl p .. IT•Y paena-
/14/ /16 17 18/ 

na o B npunolKeHuu paeeMoTpea sonpoe ' ' o6 onpeneneauu mupuHbl p .. IT•Y 

paen8)la ua JlSHHbiX no paenSJlaM IT0 
.. 2y u IT0 

.. e + e "'7y 
119

•
201 

o K eolKaneauro, naHHbie 

o noenenueM paen8Jle eoJleplKaT 6ollbwyro omu6Kyo 

HenoepeJleTseaaoe B3Mepeuue mepuHbl p .. ITY paenaJla s uaeTol!niee speMst eme ae 

nponenaao, OJlHaKo, uMeroTCsl nepsble nauuble o paen8Jle "' .. IT•} 

MOlKHO esl!38Tb e IIOMOnibiO exeM YHHTSpHOll eHMMeTpHH SU(3) 

/15/ 

/21/ 
H 

06a paenaJla 

SU(6) 1221 6ea 

KaKux-ne6o MOJle/lbublx npeJlnonolKeHHllo 8TOMY soppoey noesl!nieH no 3 , peayn&TS'I'bl KOTo-
/24/ . 

poro uanolKeHbl s o B no 3 noKaaaao, 'ITO s paMKax enMMeTpuu SU(3) , aapyweauoll 

TOilbKO ane~TpOMarHHTHbiM o6paaoM, 6naroJlapst eoxpaaeauro G -'leTHOeTH see panaauuoa

Hble paena)lbl JleSl!TH SeKTOpHbiX Me30HOS HS neeSJlOCKSnS!pHble OIIH'=biSSIOTeSI nHnib JlSYMll 

,aeaaseenMbiMB KOHeTaHTS.MHo Eenu eme npennonolKHTb1 'ITO paenan ¢ .. 17}' aanpemea, TO 

see eOOTHOWe~USI eHMMeTpHB SU(3) 

SU(6) o B enyqae euMMeTpHH SU(6) 

npaKTH'IeeKH nepexonSIT S eOOTHOUleHHSI eUMMeTpBH 

see PSJlHSUBOHHhle paen8Jlbl B MSrHBTHble MOMeHTbl 

SeKTOpHb!X Me30H08 Sb!pSlKSIOTeSJ 'lepe3 OJlHy KOHeTaHTYo B 'ISeTIIOeTn, o;;a.3lo!SaeTell, 'ITO 

3 



r < ¢ ... "'r>=o, r (-p ... IT•y) = _1_T ( <U ... 7Ty). 
9 

(1,1) 

nanee paCCMOTpena <jJOpM}'IIBPOBKB. CHMMOTpKR SU (6) , npennolKennaSI n pa6oTe
1231

, 

06o6menne aToii <jJopM}'nnponxn na <:ny'laii Me30HOB n03sonSieT CBSI3aTb mnpnny <U ... IT•Y 

pacnana c MarnnTHhlM MOMenToM npOTona n nony'IHTb AnSI nee 3Ha'lenne, xopomo corna-
/15/ /25/ 

cyromeecSI c axcnepnMeHTOM , Bnn3KHe pe3ynbTaThl nony'leHbt nenaano B pa6oTe 

na OCHOB9 penSITHBHCTCKOii MO/l9nH B3aHMOAeiiCTBHH Me30HOB C aneKTpoMarHHTHhlM noneM, 
/26/ 

CooTnomennSI {1,1) n paMxax SU(6) neaaanCHMO nony'leHhl TaKlKe B pa6oTe , 

B n. 4 o6cylK/laeTCSI aMnnnTyAa nponecca •yiT ... ITIT 
/2,4,5/ 

0 nony:<~eHHaH C HOMOWbiO JiHC-

nepCHOHHhlX COOTHomennl! , 

~hl noxa3h1BaeM, 'ITO Ann onncannSI aToro nponecca n o6nacTn p -Me3onnoro 

pe30Hanca Henb3Sl orpaHH'IHTbCH HH3K03HepreTH'l9CKHM npn6nHlK9HH9M B /lHCnepCHOHHhlX 

cooTnomennmt (npn6nnJKenneM 1iHnn-<l>y6nnn), Y'leT shlcoxoanepreTn'lecxoro axnana npn
/2 4/ 

BO/IHT K AByxnapaMOTPH'lOCKOII <jJopMyne nnn aMUIIBTY/lhl •y371 -El3aHMO/l9iiCTBHH ' ; 

KOTOpaH U03BOnHOT 'CBH3aTb HMOIOWHeCH naHHble 06 3TOM B3aHMO/l9HCTBHH KaK npn HH3KHX1 

Tax n npn BhlCOKHX aneprnmt. B n,4 noxa3ano, 'ITO nnn aToll nenn MOlKHO ncnonh30BaTb OAHona-
, ' 121 

paMeTpnqecxyro <jJopM}'ny, nony'laromyrocn n3 c<jJopM}'nnpoaannoro B Tpe6onannn ennn-

CTBennocTn pemennn Ancnepcnonnoro ypannennn nnn ·y31T s3anMonellcTBHSI. 

2, KonCTaHThl p,IT>y -El3anMOAeAcrnnn n mnpnna p ... IT·Y pacnana 

K nacTonmeMy apeMeHH noHBnnocb MJioro pa60T, B xoTophlx aaTopbt onpenenSIIOT 

KOHCTaHTY B3aHMOJleiiCTBHSI 'PIT•Y n3 anann3a pa31Il!'lHhlX peaKtlnli, BonhmnncTBO n3 

aTnx pa60T oCBOBano na BhlAenennn axnana AnarpaMM, coneplKamnx B npoMelKyTo'lHOM 

cocTommB p, Me3oB, pacnanaromnl!cn na IT n y 

Onnaxo B pa:mn'lHhlX pa60Tax onpenenSieTCll. «jlaxTn'lecxn ne caMa xonCTanTa g 
· P"Y I 

a KOBCTaHTh1, nponopnnonanhHhle en., a, aoo6lJ!e ronopn, nponopnnonallbnhle xoncTanTaM 

npyrnx B3aHMOJteiicTBttll, nanpttMep, p NN H piTIT o no 3TOH npH'lHHe 'lHCneHHhle 

3Ha'l9HHH KOHCTBHT, npnBe)l9HBble pa3ntt'lHhlMH aBTOpaMit, H9 )latoT B03MOlKHOCTH CYAHTb 

o nx cornaconannocTtt'npyr c npyroM, HaM npencTaBnneTcn nenecoo6pa3Hh1M aa xp~Te-
pnl! cornacoaannocTn xoncTanT nh16paTb mnpnny panttannonnoro pacnana 

KOTOpOI! OHH COOTB9TCTBYIOTo 

-p -Me3ona, 

3.p<jJeKTHBHblll narpaHlKHaH B38HM0)19li.CTBHSI 
1111 

'p71y MOlKHO 3anncaTb B CnenyromeM 

BIIA9 

ap: (x) IT tx) : 
ax• a 

a Af(x) ---a,.m 
(2.1) f = g • 

·prry "P"Y fmns 

4 

.I 

I 

1 
I 
l 
1 
I 

I 
! 
t 
{ 
' ,, 

... ~-' ' :;. 

npn STOM CBH3b 
x) 

HM99T BH/1 : 

KOUCTaHTbl g pry c mnpnnoii pannaunonnoro 

2 

r<p ... IT·r>= _1_ <~> 
24 417 

m 3 ( 1 - _1_ ) 
3

• 
p m2 

p 

pacnana p-M930Ha 

(2,2) 

HalineM CBSI3b KOHCTaHTbl gpry 
C nponopUHOHanbHhlMil eii KOHCTaHTaMH 0 ynoTpe6-

nSieMbiMH n nnTepaType. 

¢oTOpOlK/l9HH9 HllOIIOB na nnonaX 

. /3 4 5/ 
B pa6oTax ' ' nnSI onpenenennSI KOHCTaHT <jJOTopolK/lennn nnonoa na nKonax 6Nno 

ncnollb30Bano pemenne nncnepcnonnoro ypaBHeHHll nnSI npouecca YIT ... = pa60Tbt 
/2/ 

f ( v ) = F ( s, u, t ) I t=-Y, v=-8--1, 
4 (2.3) 

rne nnaapnanTHBll aMnnuTyAa ,F ( s, u, t) onpenenSieTcl! <jJopMynoli: 

-2 
<""Is I"'Y>=(217) 8 (k+qr-qi"qs) 

m n 
£ mnrrill qa q; ee 

4y qo qo qo Ko 
I 2 3 

'apyF ( s,u,t). (2.4) 

Ceqenne B c.u.M. Bbtpa>~taeTCSI 'lepea F no <jJopMyne: 

dcT diT =---} kq
3

sin2 0 ~~ 12 471 • 
(2.5) 

rne k II q- HMnynhCbl 'lBCTIIU B HB'lBnbHOM H KOHe'lHOM COCTOl!HHf'.X. 

Ecnn orpaHH'lHTbCSI p -aonnoli n npene6pe'lb f -B_onnon, To f ( v) = F ( s, u, t ) • 

<IJyHKIIHSI t{y) YllOBneTBOplleT /lHCnepCHOHHOMY COOTHOWel!HIO 

·~ (2.6) 

Hv) =A + _1_ J If I sin 8 ( , 1 + , 1 ) dv' 

rne 
1T 

0 
v -v-i£ v +v+9/8 

A y'luTblBaeT BhlCOKoanepreTH'lecxne BKnanbl u npn nnaxnx aneprnl!X l!BnSieTCSI xon-

CTBHTOH, <IJyHKUHSI f (v) HMeeT BH/1: 

I 2 Mv) 
f(v) = [A A" ( v + 9/16) + C ] e 

rne 

x) 

A = [ v 2 1'\(v) e ] 
. v = 00 

Mv) = v +9/161 ~ ~ ( __ 1 
1T o v'+9/l6 v'-v-i < 

B cncTeMe enunnu h = c = m = 1 
1T 

5 

1 ) dv' 
v'+v +9/8 · • 

(2.7) 

(2.8) 

(2.9) 



·3)leCb l5 -¢838 rt rr paccesiHUSI. B COCTOSIHBR C I~ J -1 A n C B ¢op1qne (2,7), 

aooome roaopB, npouaaonbH&Ie KOHCTBHTbl, 3Ta KOHCTanTa u pemenue (2.7) 6yAyT oocy-
/4,5/ 

JKA8TbCSI B H, 4, KBK HOK838HO B , ¢yHX!lRSI f(v) 0'<19Hb cnaoo 3aBRCRT OT 

Toro, uacKOrrbKO ObiCTpo l5 CTpeMHTCH It uynro aonuan nopora, ByAeu ,llnB npocTOTbl 

Bbi"'HCrrenufi ncnonbaoaaTb 6peflT-anrnepoacKoe noaenenne ¢aaw 

/4/ 
npu ltOTOpOM 

r)le a= A 
c 

tg 8(v)= ~, 
"-v r 

)
2 . 2 

(9/16 +3/4y+v -a(v +9/16) 
Hv)=C r · 

"= 6,3 r 

(v+y.Jv +9/8 +v +9/8)(v+iyy'v-v) 
r r r 

·y= 0,39, llpu aTOM 

IS 
r ( p ... rrrr ) = 2y ( 1 - _i. ) = 100 Man. 

m2 
p 

(2.10) 

(2,11) 

qTOObl CBB38Tb KOHCTaHTbl a U 

a¢¢eKTHBHbiX narpau~anon (2,1) 

C C g 0HOCTynRM cne)lyiOntUM 00p830M: nocpenCTBOM 

!17'fY 
I H 

f prtrr = g p7777: • apyfi a (J<.) 
an f3(x) 

a x" 

2 3/2 

r ( p ... 7777) = ..!_ ( ~) m (1-_!_ ) , 
12 477 P m~ 

p'~ (x) 

'2 

~=2 
477 

(~.12) 

(2.13) 

Bbl'<IHCnBM 8MHrrHTYilY peaKUHH •yrt-+7777 , COOTBeTCTByiOntYIO nuarpaMMe puc, }' H cpaBHUM 

ee C (2,4,11) B TO"'KO pe30H8HC8, nony'<IBM COOTHOnteHH!): 

g g =2(v -v +idf(v)l =C 
2 2 

(9/16 + 3/4y + v ) -a(v +9/16) = 6,34 C ( 1,04- ·a) {2.14) 
prry prrrr r Y=V 

r " + %y v " + 9/8 + 9/16 
r 

¢opMynbl (2,14, 13,2) )l810T CBSI3b ltOHCT8HT C U a C ntBpBHOII. r(p-+77•y) 3Ty CBSI3b 

B Jl8HHOM cny'!ae MOlKHO norry"'HTb H ,llpyrnM, oonee nenocpe,llCTB9HHbiM CHOCOOOM, ,_B CBMOM 

nene, oTuowenne DIHPHH pacnanoa p ""'Y n p ... = 
nponecca rrrr-+ rry 

B3UTOMy B TO'IK9 

K norrHOMY ce'<!enuro npouecca 

p -Meaonnoro•peaonanca: 

r(p-+77y) 

r(p .. 77rr) 

u( rrrr .. rr·y) 

u (rrrr .. rrrr) 
I 

6 

p8BHO OTHOW9HRIO nonnoro C9'<!9HHH 

1111 ... 1111 B COCTOSIHHH C I= J = 1 t 

(2.15) 
a=m 2 

p 

l 
~ 

l 
I· 
l 

06a Ce'<!eHUH, pa3yMeeTCSI, )lOnlKHbl COOTBeTCTBOB8Tb OJlHOMY H TOMY lKe H8'18nbHOlq 
+ -

COCTOmllllOr HanpnMep, r. ft • 

nepaoe na aTnx ceqenull. cnenyromnM oopaaoM awpaJKaeTCH 'lepea ¢yHKnnro :F (2.3,4,11): 

q k
3 

2 
u ( 77 1T .. 77 ·Y) = --1 - I F I , (2.16) 

24 1T 

r)le q
1 
II k- HMHynbCbl '<18CTHU B H8'l8rre U KOHUe peaKUUH B C,U,Mo BTOpoe ceqenue paano: 

noaTOMY 
r(p-+77•y) 

r<p-+7777 l 

4 l2 
=20--l (.1-

m2 
p 

u 
1 

( 77 77 ... 77 77) = 4 77 q· ~ ( 2 J + 1 ) sin 2 l5 • 

q 3 k 3 
I 

288 77 2 
I F 12 I 2 

s=m 
p, 

m2 
_1_)a [ ___£_ C 

2 2 
(9/16 +3/4y+v,) -a(v,+ 9/16)] 2 · , 

m 2 19277·y 
p " + 'h-yy" +9/d + 9/16 

r r 

'ITO cosnanaeT c (2,2, 131 14), 

<l>oTopoJKnenne mwnoa na nyKnonax 

(2.17) 

(2.18) 

/6/ 0 B pa6oTe ua peaKunu ¢oTopOlK,Ilenug ·y p-+77 p onpeAerrf!eTCll KOHCTanTa A 

nponopuuonan&nan g P"Y 3neMenT S -MaTpHUbi aToll peaKunn pasen: 

S = i (2 77) • 
2 

M I> ( p + k - q - p ) .i" ( p ) T u ( p ) • 
fl y 4 E I E 2 qo k o I 2 2 I 

!1nsapH8HTH8ll 8MHITIITYJl8 

du 

di1 

T 

q 

k 

CBSI38H8 C C8li8HH9M B C.U.M. 

M2 
I u 2 T u I I 

16 77 2 w 2 

(2.18) 

(2.20) 

rne k H q - HMnyrrbCbl "18CTHUhl B H8"18rrbHOM H KOH9"1HOM COCTOllHHllX, \V - HOrrH8li 

aHeprHs:~. 

Baonn aMnrrnTyny. 
+ 

X I :J x, 
M 

477 W 
u 

2 
T u 

1
, 

(2.21) 

Mhl norry"'nM, "'TO ce"'eHne BhipaJKaeTcn qepea :1 no Toll JKe ¢opMyne, 'ITO n B 
161 

, cne-
q q /6/ 

noaaTerrbno, nerrH"'nna .J B (2,21) coana)laeT c J B , Ecnn Mbl Tenepb paanolKHM 
. /6/ 
T no HHBapnanTHhiM CTPYKTypaM M1 , Mil T,Jl., onpeneneHHhiM n pa6oTe , TO nony'IHM 

CBll3b M9lKJlY . :J H KOa¢¢HUII9HT8MH aToro pa3rrOlK9HHli, KOTOpan B TO"'HOCTII COBH81l89T 

/6/ ' c ¢opMyrraMH (7 ) _pa6oThl : Or]lffa cnenyeT, 'ITO aMnrrHTyna T B (2,19) cosnanaeT 
C COOTBeTCTBYJOin8ll ,senHqlfHOll B • 

7 



/6/ 
BKna.n. p MeaoHa s sTy seJIH'IHHY onpenenHeTCH s pa60Te cnenyrownM o6paaoM: 

~T ·= 
p 

817.\ 

t- m2 
p 

[M4-
IL; -p.n 

(2.22) (M
1
(2qk+l)-M.

2
1], 

2M 

rne l=(p
1
-p

2
), jL; B JLu - 8HOM8J1bHbl9 MBrHHTHbie MOM9HTbl npOTOHB B HeJITpOHB (2,22) 

MO~Ho nepenncaTb s snne: 

8 11 .\ i , ·Y"'Y • - ·Y • y m " f 
~T = [.ym+~ (p -p )]£ k e q•,(2,23) 

P(p-p)2-m2 2M 2 2 temner 
2 t p 

rne ·e - nonHpnaannH .PoToHa H y -MaTpHUbl - <jleliHMBHOSCKHe, 'iT06hi CSH38Tb A C 

g , Sbl'IHCJIHM SKJ18Jl S BMnllHTYJlY <jJOTOp0~9HBH, COOTSeTCTSYIOIIlBll JlBarpaMMe pnc,2, 
prry 1171 

nocpencTSOM narpaH~aHos (2;1) u 

f. 
pNN 

- n a p. '-p - i f m, a 
g (: t/J ·y r •/Jp:+~=l/•-l·y,·yJrt/JaiP 

pNN a ,. 2M 2 a L n 
(2.24) . ) . 

rlpupaSHHSBSl UOJ1Y'I6HH09 TBKHM o6pa30M Sblpa~eHHe K (2,23), nonyqaeM COOTHOIIl6HHe: 

817.\ = g g • 
prry pNN 

' /17 18 27/ 
Ha aHallH3a paccestHHst nHoHos Ha HyKnonax ' ' cnenyeT, 'ITO 

/6/ 
B pa6oTe 

gp1111 gpNN /6rr· = 0,95+ 0.2 

nolly'leHO CJI6JlYIOIIl69 'IHCJ19HH09 3H8'19HH9 KOHCTBHTbl 

A = ( 0.5 t.0.2) ef, I e 2 = _1_ , f 
2 

= 0.08 I . 
137 

c!>opMyJibl (2,25, 27, 26,2} JlBIOT CSSI3b A C WHpHHOJI r(p->77•Y) x) 

+0.73 
r ( p _, 11 ·y ) = ( 0,42 ) Mas. 

-0.26 

nsoliHOe ¢?Topo~eHH9 nHOHOS Ha HyKJ10H8X 

(2.25) 

(2.26) 

( 2.27) 

171 
B pa6oTe cnenaua nonhiTKa onpenenHTh KOHCTBHTY gprry · ua aHaJIHaa nsollnoro 

+ - /8/ 
<jJOTOp0~6HHSI •yp -> p 77 77 no 3KCnepHM6HTBJibHbiM nBHHblM pa60Tbl o llpennonarast, 

171 
'ITO 3TH naHHbl6 COOTSeTCTsyiOT )lHarpaMM6 pBCo 3, BBTOpbl pa60Tbl JlOJIY'IBml: 

r ( ·p_, 11-y) = 0.7 Maa, 
(2,24} 

x) /6/ 
B pa60Te yxaaaHo, 'ITO B03MO~Hhle TeopeTH'IeCKHe neTO'IHOCTB MoryT yaenB'IHTb 

owH6xy .\ c 0,2 no 0,5 , Torna 
. rlp->17•y) = (0.4 

8 

+2.0 
-0.4) 

l 
1 
' 

I 
l 

/9 28 29/ 
Henaano a KaMf>PBJllKCKOM yHuaepCHTeTe ' ' 6b1Jlo B3Mepeno ceqeune nponecca 

••yp .. pop a o6naCTB aneprnll OT 1,1 no 4,8 faa, KOTopoe oxaaanoc& pBBHbiM 21,1 WltoapJi, 

Ecnn npennono~Tb, 'ITO aTo ce'leHBe npn scex nepenanHhiX BMnyllbcax, KOTOpble uaoniOna-
/9/ . 

nBCb B paooTe , OUBCbiB89TCH nBarpaMMOll OnHOUBOHHOro OOM9H8 pBC, 2 ; TO 

r ( p .. 11·Y) = 1.35 +_ 0.20 Maa, 
(2.25) 

OnHaKo, KIIK cooownn npo<jl, P,BHllbCou, B nocnenHee apeM!I B03HBKnn cepbe3Hble coMHeHH~ 

B B03MO~Hocrn nJrl.epnpeTnpoaaTb aTH naHHble c noMOillbiO onuonHonHoll nnarpaMMbl, Hccne

noaaHne aToro nponecca,Ha llllPBX nano sasncHMOCTb ce'leHH!I OT aTOMHoro 'IHCna, onnsicyro 

K KSMp8TH'IHOll, 3TO 3Hil'IBT1 'ITO po~eHBe p0 -M630HOB <jJOTOBBMB npOBCXOJlBT B OCHOB

HOM KOrepeHTHO, UQ-BHJlBMOMy, 38 C'laT OOM6H(l C MBIIlaHbiO CBCTaMoll, HM6IOIIlBll HynaBbla. 

BHyTpaHHBa KBBHTOBbla 'IBCJ18 B, B 'IBCTHOCTB, Hyl1aBOJI B30TOUB'IaCKBll CUHH, HBUpBMap, 

2" ; 71 ,ru , f , a He " • 

Pacnan 11° -Me3oHa 

/16 17 18/ 
B npunolKaHBB paccMoTpena Monellb ' ' pacna.na 11° -Mesona Ha 2 y · u e+e'7y 

·' KOTOpaH TBKlKa U03BOJ1lleT OU9Hl!Tb. r (-p .. 11·Y ) , · K CO~J16HBIO, BM610DtB6Cll naHHbla 0 pac-

na.ne 17°-> e + e -Y coneplKaT OOllbliiYIO omnoxy, noaTOMY' onenxa ·oxa3b!BileTcu rpyooll: 

+ 13.6 
_ 3•9 ) Maa, r < P ... 11·Y > = < 3.9 . (2,26) . 

1201 
eCJIB BOCUOnh30B8TbC!I nBHHbiMH paOOTbl , YTO'IHaHBe ltBHllb!X 0 ljlopMcjl!UtTOpe pacna.na 

rf'_, e + e -:y noaaonnno Obi 3HB'IBTenbHO yTO'IHBTb aTy oneHKy, 

Monenb ooaoHBhiX pacnanoa 

/12/ /10 11/ 
B paoOTe paccMOTpeHa npyra11 MOAallb oo30HHbiX pacn:a.noa ' , XOT~pag 

OCHOS8H8 Ha TpaXM630HHOM B38BMOnaliCTBBB, CBMMeTpB'IHOM OTBOCHTellbHO SU (3) 1 B 

nepexone aupTyallbHbiX 'aexTopHb!X Me3onoa B <jJOToH. PacnBA p .. ir.y B aToll Moitenn 

HAeT no exaM~ p->11ru (unn "¢) ->11·Y • Monellb conep~T PSI'l, npoB3BOllbHbiX napaMeTPoB, 

KOTOphte no3BOJISIIOT ynoaneTBOPHTallbHO onncaTb B3Mepeunble pacnanhl. Ana mupan panna

llBOHHhiX paCUBAOB npB STOM nOJlY'IBIOTCSI CJia!lyiODtBe 3H8'16HBSI: 

r ( p -> 11·y) = 0.090 Mas, r ( ru ... 11·Y) = 1.0 Mas, 

r ( ¢ ->11-y) = 0.0013 Maa, r ( K* ... K y) = 0.080 Mas.· 
(2.27) 
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~enoMenonornqecKan A -qeTHOCTb 

/13/ 
B pa60Te aseneno sMnnpnqecKoe npannno oT6opa, cornacno KOTopoMy 6oaoHaM 

'npHHHC~BaeTCH HOB09 KB8BT&B09 qncno- A- qeTHOCTb: 

A ( y) = A ( -p ) = A ( ¢) = A ( K* ) = A ( t') = 1 (2.28) 

A(11)=A(>j) =A(K)=A(<il)=-1, 

KOTOpllll AOnlKHII COXpaHHTbCH B CHnbH~X H sne'KTpOMarHIITH~X B3811MO!l9i!CTBIIHXo fipennona

raeTCH, qTO napymeHHH STOrO npaa11na B03BHK810T C aepOHTHOCTbiO B neCKOJlbKO nponeHTOB, 

fio STOMY npaBIIJlY pacnanbi P , ¢ II (K*) Hll 11( K) II y aanpemeHbi! H l!X Wllpllllbi 

llOJllKHbl COCTBBJIHTb HeCKOnbKO npoueHTOB OT mllpHHbl paapemeBHOrO pacnana til .. 11•Y • 
/30 31/ 

C TOqKII apeBHH CHMMeTpiiH SU (6) II Sp (6) 3TO npiiBIIJIO ot5cy*.t~BeTCB B pat50TBX ' , 

BepXHHH rpaBHna r ( ·p .. 11 ·r) 

3KcnepHMaHTanbHOe nccnenoaB!me peaKnnl! 11+p .. 11+p•y n 11+p .. 11-1p 11° , nponenaH-

/14/ . HOe B pat5oTe ; n03BOJIHJl0 ycTBHOBIITb, qTO aepOBTHOCTb pacnana -p .. 11•Y no OTHOWe-

HIIIO K pacnany -p .. 1111 COCTBBnBeT He t5onee 5%, T,e, 

r·(-p .. 11·Y>-~ 5 MsB. (2.29) 

/15/ 
HaKoHe n, B nocnenHeM o6aope sKcnepnMeHTanbH~X naHH~X no sneMeHTapHbiM qacTnnaM 

npnaeneHa oneHKa 

f(-p .. 71•y)/•f.(-p .. 1111) .< 2~. (2,30) 

3, YHnTapHBB cnM~ieTpH!I 

B paMKIIX ynnTapHOI! CHMM9TpHH SU (3) H SU (6) , HBpymeHHOi! JIHWb sneKTpOMar

HHTHblM o6pa30Mo Mbl MOlKBM nonyqnTb CB9.t19HHB. 0 PllllHAUHOHH~X pacnanax B9KTOpHblX Me30-l 

HOB 6ea KaKIIX-nn6o MOllBJlbH~X npennonoJKeHHH, B 3TOM paanene y~:to6no ot5oaHaqnTb 

"g =g(-p11). ·[(-p .. 11•y>=·[(·p11). 
P"Y 

CnMMeTPH!I SU (3) 

/21/ 
B pa~Kax CHMMeTpnn SU (3) , HapymeHHOI! JIHWb sneKTpoMarHIITH~M ot5paaoM , 

s<jlcjleKTHBHbii! narpaHlKI!BH nepeXOilll V •(llnH <ilo. ) .. P+•Y ( V H P- OKT9Tbl B9KTOpHUX 

n nceaAOCKanspH~X Meaonoa, 
1 
1) OKT9TII0 COCT8BJ19HHOrO 

<il 0- YHHTapH~i! CHHrJieT) npeot5paayeTCB KIIK KOMnOH9HTII 

H3 TeH30pOB ·V(<il
0

) H P, H HM99T CTPYKTYPY 

10 

~ ; 

1 A A1 AB 1 
a VAP1 +bV1 PA+c V 8 PA+dc.~ 0 P 1 , 

(3,1) 

rna a+b+c nonJKHo 6~Tb panno 0, nnn Toro, qTot5~ cnen Tenaopa OKTeTa 6~n pane~ 

nymo, 

fipH STOM, KaK ot)~qno, M~ npennonaraeM, qTo CpenneCHnbBOe B3aHMO.tleliCTBBe, npn

BO.tiSilllee K pacmenneHHIO Mace, cna6o H3M9BHeT KOBCTIIHT~, onpenenmoiiiHe pacnan~. llnn 

STOro, nanpHMep, MO*HO npennonO*HTbo qTO yK838H~e KOHCTaHT~ 38BHCHT OT H9KOTOpol! 

6onbmOI! MACCbl npoMelKYTOqHOi! qaCTIIU~, CKalKeM, HyKnona, T8K qTo 38BHCHMOCTb OT MACC 

BHQIIIHHX qaCTHU HecymeCTBeBHII, 

Hal!neM B (3,1) qaCTb, COOTBeTCTBYIOIIIYIO nep&XOlliiM -p±! 11±1} 

Hbie a~paJKeHnn nns ·v n P 

VA 
B 

nonyqaeM 

..J!:.. y2 +....!:... 
y6 

·p-

.• 
K-

·p+ 
.. 
K+ 

Po o * A --+.:f. Ko • p y2 y& B 

io* 2~ 
y6 

g ( ·e" rf') = ~ ( a+ b)+ c 

g (·p + 11 +) = a+ c 

g (p-11-i=b+c. 

rf' + !!_ 11+ 
y2 y6 

- - rf'+-2L 11 y2 y6 

K- Ko 

• HcnoJlb3yg ot5~q-

K+ 

Ko 
(3,2) 

-211 y6 

(3.3) 

fipn cnenannoM npennono*ennn o6 naOTonnqecKBX caol!CTaax MaTpnqn~x sneMeHTOB sneKTpo

MarniiTH~X nepeXOAOB (npeot5pa3yiOTCB KIIK CKBJisp H Tp9TbB KOMHOHBHTB BeKTOpa B H30To

nnqeCKOM npOCTpaHCTBB, qTo 3KBIIBaneHTHO BB9ll9BHIO cjloTOHOB C H30TOIIHqecKHM CnHHOM 0 

11 1 ·II coxpaHeHHIO nonHoro naoTonnqecKoro cn11na) na coxpaneBHs G ~qeTHOCTH cnenyeT, 

+ + qTo paCn8llbl p- 0 .. 17 -o.y OniiCbiBBIOTCB CKanspOM B H30TOnnqecKOM npOCTp8HCTB9 (narpaH-

lKHIIHbl (2,1) COOTB9TCTBYIOT STOMY 06CTOHT9nbCTBy), H KOHCTAHT~ (3,3) paBH~ npyr APY-

ry, TaKHM o6paaoM, na coxpanenns ·G -qeTHOCTH 

a = b , (3,4). 

T,e, pannannOHHbiB paCn8llbl .OKT9TII BeKTOpH~X M930HOB OniiC~BIIIOTCB qncTOI! D -CBB3bl0 

H nHWb OAHOI! KOHCTaHTOI!, BTopas KOHCTIIHTII COOTBQTCTByeT pacnanaM ' CHHI'JleTII til 0 · , 
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npu 9TOM H9 (3,1,2,4) nony'laeM cneAyto!llHe CaH3H Mel!<Ay KOBCTaBTaMH 9TBX paCHSAOa: 

g(-p~r)= g(K
3
* K \ =-~g(K* K )=..l..g (p7l)= ( ) 

3' H H y3 3,5 

=_j_ g(¢ 17) ~-g(¢ 71 ); g(6> 17 )=y3g(6> 71) 
y3 0 0 0 0 

rne HBileKCbl 3 H H 03Ba'lalOT 3apslKeBBbll! H Bei!Tpa11bHb!l!, 

4>H3H'lQCKHe 'laCTHilbl t/J H 6> CasaaBbl C </J 
0

. H 6> 
0 

noaOpOTOM Ha yron a 

¢ = cos a ¢
0 

+ sin a 6> 
0 (3.6) 

6> = - sin a ¢
0 
+ cos a 6> 

0 
• 

Ecnu uai!TH Macey ¢
0 

H3 cjlopMynbl renn-Manna-0Ky6o nns OKTeTa u nOTpe6oaaT&, 'IT06bl 

¢ H CLl nuarouanuaoaanu Maccoa&tl! onepaTop, CMemuaatomnl! ¢ H 6> , To yron a 
/32/ 0 0 

MOlKHO ablpa3HTb 'lepe3 MaCCbl </J
0 

t ¢ 

K _l_ = 0,58) • 
y3 

H CLl • <:ITO naeT a=J8° (3aMeTHM, 'ITO 

sin a= 0.61 6nH30K 

4>opMynbl (3,5,6) H03aOnlltoT ablpa3HTb KOHCTaHTbl paCHS):lOa aCeX aeKTOpHbiX M930HOa 

'lepe3 nae KOHCTaHTbl, uanpHMep, 

g{p~r)= .....L[ cos a g(¢~r)-sin a g(6>>T)]= 
y3 

= sin a g ( 6> 71) + cos a g (¢ 71) 

(3.7) 

H T,Jl, l.J:T06bl nOny'lHTb OTCIOAa COOTHOWQBHII Mel!<Ay WHpHHaMH1 HYlKHO y'leCTb eme 

cjlaaoa&Ie o6beMbl (eM. (2.2)) 

H T.A. 

·r ( K* K ) = 4r ( K* K ) = 4 ( ~ 
H B 3 3 m 

m!.-m~ )
3

f(-p>T)= 
m 2 - m2 

p 1T K• 

a 
= 4 ..:::...e r < P" > = 2,4 r < P" > 

m3 
It• 

r(p71) 
m2 -m2 

3 < P '1 >' r(p~rl= o,Jr(p") 
m2 - m 2 

p 1T 

(3.8) 

llpennonolKHM, 'ITO g ( ¢11) = 0 I g( ¢ ") .« g (c.> 11) j. Mbl ysHABM, 'ITO sTo paaencTao 

a&~nonuueTCH a paMKax cuMMeTpnnn SU(6). Torna Mbl 6yneM uMe.T& nH111b onuy neaaaucn-

Myto KOHCTanTy (uanpHMep, g(6>77) ) H 

12 

.. 

i 
1 
I' 

I 
I 
il' 
' ' 

1: ,,, 
·I ll 

~~ 
·~r 

,., 
·:·' 
! 1 

I il 
' 

J 
l 

···~~ ;!llj 
!'~ 
,p 
ir: 
:r 

.;.! 
/ 
II 

·:( ,. 
'I' 

''i 
•' 

( 

I 

:} 

f(p77) ·r(c...7T)= _j_ sin2a- 0,13 
3 

[(6>71) T ( <Ll77) =...!. ( 1- 2 sin 
2 

a) 
2

( 
3 

(3.9) 
2 

m~-m7) )
3 =0003 

m2 -m 2 
CLl 7T 

B T.n. Bee COoTHO!IleHBH (3,5,6) CBMMeTpHH SU{3) npH OAHOM IIP91lHQnOlK9HBH .J. ¢ 77)- 0 

'npaKTH'leCKB nepeXOAHT a COOTHO!IleHBSI (8.15) CSIMM9TpHH SU (6). 

CHMMeTPHSI SU(6} 

/22/ 
B paMKax CSIMMeTPBII SU(6) ace 9 aeKTOpBbiX u 8 nceaAocxangpnblx Me3ouoa 

• a 
o6beABHSIIOTCSI a OAHB 35-MepBbll! My11bTKnneT M fj t HOSTOMy 3A9Cb paCl.Sil 6> -Me30Ba 

ne SIBnSieTcSI ueaaaHCIIMbiM, KoncTaHTbl pacnMoa caH3aBbl ue T011bKO npyr c ApyroM, no 

H C MBrHIITBbiMB MOMQhTaMK aeKTOpHbiX 

aeKTOpHOrO M930Ka a nceaAOCKangpHbll! 

'ITO ero MaTpK'IBbll! sneMeHT a CHCTeMe .. .. 

Me3onoa. (3aMeTHM, 'ITO pSAIIBnHOBBbll! nepexoA 

HOCHT 'IBCTO MarHBTBbll! xapaKTep: K3 (2,1 ). aH11B01 ...... 
HOKOSI aeKTOpHOrO Me30Ka IIPOnOpnHOHBneB € (e k ]j 

rne f 11 e -aeKTOpbl nongp113Bn11H aeKTOpBoro Me30BB H cjlOTOHa, k - HMIIYn&C cjloTo-

sa), llp11 STOM ace ltOHCTaBTbl paCHSAOa II MarBHTHble MOMeBTbl aeKTOpBb!X M930HOB abl

palKaiOTCH nllm& 'lepe3 OAHY ltOHCTaHTy, HOCK011bKY B3 npouaaeAeBIIH CaMOConpHlKeHHOrO 
a 

35-nneTa M {3 CaMOe Ha ce6H MOlKHO nony'lHTb nHWb OAHH He3aaiiCHMbll! 35-nneT 

(sTy KOBCTaHTY MOlKHO uaaaaT& MarHHTBbiM MOMeBTOM Meaouuoro KBapKa ) • Ecnu eme 

/23/ • 
IIPBBHTb 

1 
'ITO MBrHBTBblli MOMeHT CaH3aB C reuepaTOpOM rpynnbl SU (6) , TO &Ta ltOB-

CTBBTa ablpalKBeTCSI 'lepea MarHBTBblli MOMeHT IIPOTOHa ( 'Me30HHbll! H 6apHOBBbll! KaapKH 

HMetoT OllHH H TOT lKe MarHBTHbll! MOM9HT'), . 

<:lcjlcjleKTHaH&II! narpaBlKHaH M:arHHTHoro B3aHMonel!cTaHH 35-nneTa HMeeT CTPYKTYPY 

a .By lJ 
MQ(IL 1 M • 

"' .a all ·r (3.10) 

llpHMeM t 'ITO onepaTOp MarBHTHOrO MOMQHTa IL a S!BnSieTCSI reuepaTopoM ao acex IIPeACTaa· 

neHBmt• KOTOpble peanu3ytoTCSI TeuaopaMH c aepxHHMH HBileKCaMH. TorAa nns conplillKeH.;. 

HbiX npencTaaneHHI! (TeB30pb1 C HlllKHBMH BBileKCBMH) renepaTOpOM S!BnSieTCH MHHYC Mar-

HIITHblli MOMeHT. B HB3meM IIPencTaBneHHH t/J a ( 'Kaapx') MBrHHTBbll! MOMeHT paaeu 

IL = g Q J a "' giL , rne Q - onepaTop 3apsma, 

mne (nnarouan&Hble) MaTpH'IHble sneMeHTbl! 
a a 

~'f3=8{3pa 

21' ,=-p2=-pa =- 21' ,=IL 5 =p e.= 

13 

1 

6 

J - onepaTop cnnua H HMeeT cnenyto~ 

(3.11) 



Te lKe sna'lennn. IIMeeT MSI'HBTHbll1 MOMenT n a npeJlcTaaneHBn 

lloSTOMY 

1/1 ( 'conpSVKennbiA KBapz:'): a 

fly f3 •Y ·Y fJ fJ Y 
"as- "s 8a +p.a 8 8 -(p.a+p.{J) 8s 8 a (3,12) 

B BbiJl8lKOHBO ·(3,10) C!!OJlBTCH It 

l: a fJ 
g ( p. a+ p. fJ) M QM a • 

ai{J . ~ 
CJISJlYIOIItBM 06p830M C8H38B C onepaTopaMB '18CTBil (3,2): 

(3.13 .• 
a 

Tensop .,.{J 

(3.14) a aA 1 bA-+ 
M fJ "' M - - ( 8 p + ;b v A) I 

bB y2 a B a B 

I'JlO npOCTble B JlBOl1Hble BHJleKCbl COOTBOTCTBYIOT JlPYI' JlPYI'Y llO cpOpMYnaM 1•11 1 2•121 

3•131 4-21 1 5•22 1 6•23, lis (3,l1 1 131 14) nerz:o nony'IBTb cBH3B Me)f(J:Iy M8I'HBTIIbiMB 

MOMOIIT8MB B KOHcT8HT8MB pacn8)18 BeltTOpHbiX M830B0Bo llpn STOM Mai'HBTHble MOMeHTbl 

onpeJleJIHIOTC51 no COCT051HBHM C M8KCBM8nbJIOl1 npOOK!lBel1 CnHH8o llO/ly'I88M1 'ITO MSI'JIBT

Hble MOMOIITbl '18CTB!l B 8HTB'I8CTBil BMOIOT npOTBBOnoJIOlKHbiO 3HaltB, PSJ1B81lBOHHb18 pacna

Jlbl' nponcxoJlHT IIHIItb s coCT051HB51X c ayneson npoexnnea cnnna Mesona 'na nanpaaneHBe 

MSI'HBTHOI'O nong, Heaynesble KOHCTSHTbl STBX pacna)lOB B HOByJiesble Mai'IIBTHble MOMOIITbl 

'18CTB!l CBH38Hbl CJie)lyiOntBM' ·o6pa30M: 

P. (K*+) =p. (·p+)=3p.(prr)=p.(rurr )=y3p.(p7J)=JV3p.(ru7J)= 
(3.15) 

.. 3 . 3 1 
= 4 V 6 p. ( ¢'I) = J,. ( K~ K3 ) =-2" ( K; ~) = 2 g • 

/5/ 
Kax noK!l3aBO s 1 ~ g = p. ( p ) • B STOM cnyqae see z:oncTaHTbl ( 3,15) Bb!p8lKalOTC51 

'lepes MarnnTJibll1 MOMeJIT IIJlOTona, CsSVKeM KOHCTaBTY p.(ru rr) c KOJICTilHTol1 g(ru rr) 

sXOA511Itel1 s narpaulKnan 

f m n a 
f(rurr)= g(«Jrr)•. a Ill a A " I 

t..mna a (3.16) 

aHanorn'IHblii (2.1) n onpe.~:~enHIDntnii mnpiiny pacnS)ly Ill-+ "'Y no cpopMYne1 ananorn'!Hol1 

(2,2),Ecnn C'IBT8Tb 1 'ITO MaCcbl «l B rr 6nnsKn It neKOTopol! cpe.~:~nea Macce 35-nneTa 1 

TO B HepeJIHTBBBCTCKOM npn6JIBlKOHBB nOny'laeM: 

(i) ( ) ( • ) • . f m DO 1 ) m DO 
o1.. rurr = ~ g "'rr < • a ru l1 rr = _ g ("' rr m < "' F 

Lmna 2 i Omna " = (3.17) 

=- i g (Ill rr) m .;; H rr = ...!. g («l rr) t/1'! H 1/1 1 

2i " "'· 

OTKYA8 

~ g (Ill rr)=p.(«J rr)=p.(p) = 2179...!... 
. 2M (3.18) 

H 

14 

r(«Jrr)-_L 
24 

ga(«J,.) m (1-5 )3 =1
1
15Mss, 

4 Ill m~ 

" "' 
'ITO xopomo cornacyeTC51 c sKcnepnMeHTanbHbiM 

/15/ 
sna'lenneM (1 ±. 0 13) Mss • 

){3.19) 

4>0pMYJIBpOBK8 CXOMbl CBMMeTpBII SU (6) 1 B KOTOpol1 Mai'HIITHbll1 MOMeHT CBH3bl-

/23/ 
BaeTCH C I'OHepaTOpOM rpynnbl 1 ll03BOJIHST 'lpe3Bbl'l8i!HO npOCTO nony'ISTb C85131I MelKJly ' . . 
sJieKTpOMSI'HIITHbiMII CBOllCTBSMII 'ISCTII!l H llO pe3yabTST8M SKBIIBSJieHTHS KB8pKOBOJ! MO.[Ie-

JIH sneMenTapHblX 'ISCTnn. Mbl BBAIIM1 'ITO ee npe.~:~cxasaane (3,19) xopomo cornacyeTCH 

c sxcnepnMeHTOM, CooTHomennH (3,15 1 19) JlSIOT JlJIH PSJliiSiliiOHHOi! ntiipiiHbl p -Me30H8 

3H8'1eHHe 
r( prr) = 0,12·. Mss. (3.20) 

/25/ 
Bnnsxne pesyn~>TaTbl nony'leHbl TaKJKe B pa60Te 1 ·aaTopbi KOTopoll acxoJlHJIII ns penn-

THBHCTCKOll MOJleJIB M830H8 1 COCT0511Itei'O II3 KBSpKa II 8HTIIKB8pKa, llpe)lnOJI8I'8H1 'ITO KB8pK 

B38l!MOJleHCTByeT C SJieKTpOMSI'HHTHbiM noneM MllHHMSnhHbiM o6pa30M (T,e, He 06JI8)180T 

MSI'HHTHbiM MOMenToM) 1 pasnarast no o6paTnoll Meece KaapKa n coxpaHstst CIIMMeTpii101 

/25/ 
KOTOpSH SIBilsteTCSI penstTHBHCTCKilM o6o6menneM SU (6) ,· 8BTOpbl pa60Tbl nOny'IIInH 

penstTHBHCTCKOe ypaBHeJine B38BMO)lei!CTBIIR Me30H8 C SJieKTpOMSI'HHTHbiM noneM1 H3 KOTD

pOI'O BbiTeKSIOT COOTHOWeHBSI (3.15) JlJIR <jlopM<jlaKTOpOB, llpn STOM )lJISI MSI'HBTHOI'O 'MOM~H~ 
TS aeKTOpHOI'O Me30H8 npeJlCK83blB8eTCR 3HS'IeHne 2~ 1 rne m - MSCCS Me30H8, K0-

2m 
Topoe,ecnn noJIOJKHTb m = m «l· 1 JlJIR wnpHHbi (3.19) JlSeT sna'leniie 6JIII3KOe K 0,9 Msa. 

4. y3:r -.B38HMOJlei!CTBil0 H JlHCnepCIIOHHbiS COOTHOWeHHSI 

Bbime Mbl paccMOTpenn JlSHHble o pacna)le p-+rr•y 1 KOTOpbte B oTcyTCTBIIe. npnMoro 

H3MepeHIIR sToro pacnana JIII6o onnpalOTcst Ha TeopeTH'Iecxne rnnoTesbl Ii Mo)lenn1 nn6o 

COJlepJKaT 60nhmyiO OWH6Ky, nnst JlSnbHellmero :>6Cy)f(J:IeHIIR Mbl Bbl6epeM 3HS'IeHIIe' (3,20) 1 

npeJlCK83biB8eMoe YHIITSpHOi! CHMMCTpnell, Bee JlPYI'IIe OlleHKII 1 K8K Mbl BIIJleJIH1 He np~TIIBO

pe'laT 9TOMY 3H8'1eHHIOo 

BsaHMOJlCi!CTBIIe ·y 3rr B wnpoKoM nHTepsane sHepriii!, B TOM 'IHCJIC II pacnaJl ·p-+rr·y, 

OllHCbiBaeTCSI <jlyHKUHei! f{v) (2,7 1 11), KOTOJJSR SIBJISIOTCR TO'IHbiM llOJIHbiM peweHIIeM 

. nt ~ · 
nncnepcnoHnoro ypaaneHHSI pa60Tbl • 3Ta <jlynKilHH1 KpoMe ..,asbi "" - pacceSIHII511 sasn-

CHT OT nsyx KOHCTaHT C n A , rne C - nocTostHHast HHTerp1IposaHHR n A np~6JinJKeH

HO Y'<!ITblBSeT BKJIS)l OT npoMelKyTO'IHbiX COCTOSIHHll C 60JibWOil MSCCOll, Pa3JIII'IHbl0 OlleHXH 

HX OTHOWeHH51 a= A/C 1 
0 KOTOpbiX I"OBOpHTCR HBJK01 JlSIOT 3HS'IeHHH1 . HS npeBOCXOJ1511ItHe 

I al = 1,2 , llOSTOMY npH MSJibiX :mepi'HHX/v=-~ -1,1/ 1 BBBJlY 60/IbWOI'O 3H8'10HBS1 v 
r 

BbipSJKeHHe (2,11) CBO)lHTCSI' K 1\v)= C , liMeHHO STIIMH 3H8'1eHIIRMll OI'p8HH'IOH8 BeJIB'IBHS 

6 /1/ ~ - -v B pa OTe 
1 

rne HCCJie.o;OBSJICSI CneKTp 'I'OTOHOB B pe8KilHB 71' p -+rr•yp np1I SHOpi'liH 
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340 MsB, naHHhiO STOll pSOOThl D03BOIIIIDH OitOHHTb BOD~'IHHy ·C /5/ 
B npe,[lDODOlKOHHH 

'ITO CDaKTp ~eCTKHX ¢o'roHOB B STOll peSKUHH OUHCblBSeTCa 0,[lHOM030HHOII. .!I.HBrpSMMOII. 

(pHC, 4) I 8 TSKJKO AHSrpSMMSMH T0pM03HOro H3ny'IOHHH0 KOTOpble ASJOT MSDblll. BKDS,[l' , 

Bhl,[leDeHHe lltecnux ljlOTOHOB COOTBeTCTBYeT Bb!Aeneauto MHHHMSID>HhiX aaa'leHHII. HM-

nym.ca, nepeA8HJIOro MHDl9HH0 npH KOTOpbiX OltHOM930HH8!1 AHBrpSMMS non:IKJUi ll8B8Tb 

MSKCHMSID>Hhlll. BKDS,[l, nepBbiO H3MepeHH!I ltSIIll C 
2
•0,9±,005, nam.Hall.mue ODh!Thl H YBOnil• 

/1/ 
'IOHHO CTSTHCTHKH npHBOnH K peaym.TSTy 

2 
C a0,5 ±,0,3 • (4.1) 

npe)!{,!te BCero CpSBHHM STy BOIIli'IHHy C ASHHbiMH 0 'ITIT -paCCO!IHHH. B p -COCTOH-

HUH BOIIli3H nopora, nD!I STOrO paCCMOTpHM OTHODl9HHO (2,15) y nopora, npeaeoperaa 

KHHeMSTH'IOCKOII pS3HHDell Me)!{lty k H q 
1

·: · 

rna 

R a 

a I - AIIIIHS 
I 

<7 ( 'IT'IT ... '17)' ), 

a,(= ... =) 

c2 
288 'IT 2 (a 1 ) 2 

I 

'1T'1T -paCCOSIHHH B COCTO!IHHH C 

(4.2) 

/33 34/ J = 1 = 1 • B paoOTax . ' npo-

,[laDSII 8H8DH3 llSHHhiX 0 pOSKitHSIX 'ITN ... 'IT'ITN DpH HH3KHX SHeprHSIX C DOMOIIlblO MO,[le-

DH0 y'IHTblBatomell. OAHOMeaoaayto AHarpaMMY H · peaouaacaoe "N B38HMOilOII.CTBHO B Ko-

HO'IHOM. COCTO!IHHH, B DOCDeAHell. H3 STHX pSoOT ADS! JlnHHhl pSCCO!IHHSI DOny'leHO 3H8'19HHe: 

a' •0,07. 
I 

(4.3) 

nD!I OTHOmOHHSI (4,2) STO ,[l89T: 

1' 2 R=;_C. 
14 {t.4) 

EcD~ eme y'leCTL, 'ITO B R npucyTCTByeT 'IHCTO KHHeMaTB'IeCKHII. ljlaKTOp 2 ·(us-as 

llBYX DOD~H3SitUil ljlOTOHa), TO MOJKHO 38KnlO'IHTL 0 'ITO B DpOAODSX OmHOKH ~(4,1) OTHOme

HHe (4~4) HMeeT paayMHOO 'sDaKTpOMSrHHTHOe' 3HS'IOHHO, 

KaK nepeilTII OT KOHCTSHTbl (4,1) K WHpHHO P ... "'Y paCDSAS? npH BblCOKIIX SHep-

rH!IX ( V • = V ) B ljlopMy-De (2,11) CymeCTBeHHS KOHCTSHTS a , 0r ee BOUII'IHHblo T,e, 
r 

OT pODH DpOMOlK}"TO'I,HblX COCTO!IHHil C oom.moll. M8CCOII0 CHID>HO 38BHCHT mupHHS p8CD8,[18 

p ... "Y npH ljlHKCHpOBSHHOM 3HS'IaHHH c (4.1). 

B paooTe
151 

oblDO paccMOTpeHo nocnenoaaTem.Hoe HH3KOsHepreTH'Iecxoe npuoDHJKe-

HHe B. ,[lHCDepCHOHHblX COOTHOWaHHSIX JlDH yJ'IT -B38HMOilOIICTBHSI1 DpH KOTOpOM DO BCOM 

MSl!llem.mTSMOBCKHM nepeMeiiHLIM Y'IHThiBSnHCl>. DHmL OlllllKSIImue ocooeHHOCTH, npu STOM 

BLICoKosiiepreTH'IecKue BKD8Ahl B nponecce. y" ... "" y'IHTLIBSnHCL B npaonuJKeHau 'iaHH-
/35/ 

4Jy6aHH 0 T,e, Y''IHTblBSUSCL TOID>KO TS IIX 'ISCTL, KOTOpSSI IIMeeT ODHJKSilWHil paape3 

DO K~S,[lpSTy nepeAaHHOro HMDym.ca, B STOM_ DpiiOnHJKOHHH a -Q,32, 3aMeTHM
0 

'ITO ljlop-

My-Dhl (2.4,11) B STOM CDy'lae Dp8KTH'IeCKH nepeXOASIT B pe30H8HCHYIO <jlopMy-ny (4,,7) 

16 

I 
'I 

·i 
! 

p.iOOTLI/
171

, npe)!{,!te 'laM Bbl'IHCUS!TL WHpHHY r ( p ... TT •Y) 0 COOTBeTCTBytomyto STOMY 3H8'1e-

HH10 a , aaillteM, nom.ay!!CL Toll JKe peaoaaacaoil MoneDLto1 mapuay pacnaAa p ... rr rr 
1 

COOTBeTCTBYIOWYIO ,[lUHHe pacceSIHH!I (4,3),CB!!3L STOll AUHHLI C KOHCT8HTOH g B pe-

/17/x) P'IT'IT 
30H8HCHOII MOitenH paCCMOTpeHa B n, 4 pa60TLI 

2 

~ 
4'1T 

6 a
1 

m 
4 

( m 2-4 l, 3,5. 

( 3 m4 - 16 
p 

(4.5) 

no ljlopMy-De (2,17) DpH STOM nonyqaeM r( p-+'IT'IT •175 MsB, 'ITO 3Ha'luTenLHO npe-

BLIWSeT SKCDOpHM';HT8nLHOO 3H8'1aHHe, EcnH ADHH8 pacce!IHH!I HaillteHa BepHO ( T,e,. MOAenL, 

HCDOID>30B8HH8!1 JlD!I ee OnpeJleUeHH!!0 CDp8Ba)lnHB8) 0 TO STOT pe.3ynLT8T 03H8'18eT, 'ITO npo-

CT8!1 pe30H8HCH8!1 MOJlCnL AD!! 'ITTT-p8CCe!IHHSI B WHpOKOM HHTepB8De SHeprHII HeCnpa-

BeJlDHBS: HyJKHO Y''IIITLIB8TL Hepe30H811CHLle BKDaALI 6onee 8KKypaTH00 'leM STO ,[lenaeTC!I B peso-

H8HCHOII MO,[leDH 0 r)le OHH annpOKCIIMIIpytoTCH KOHCT8HTOl!, 8 TTTT -pSCCOHHIIH STO B nep-

BYIO O'lepeJlL OTHOCHTCSI K y'leTy S -BODHLI, DpH'IOM HCH00 'ITO B KOHe'IHOM C'leTe STO 

03H8'180T y'leT B38HMOJlOliCTBHH HS MSULIX paCCTO!IHHSIX, D y3rr -B38HMOJleJ!CTBIIH BLICOKD

SHepreTH'IaCKIIe BKnaALl MoryT arpaTL eme 6onee aaMeTHYIO poDL, EcDH ace JKe nom.ao

BSTLCH HH3KOSHepreTH-ieCKHM DOJlXOAOM ( a •0,32), TO npeJlCTSBnlteTCH pa3yMHLIM HCDODL-

30BSTL ,[IDS! KOHCTSHTLl gp'IT'IT He SKCDepHMaHTSnLHOe 3HS'IaHHe (2,13), 8 3HS'IeHHO 

(4,5), npu STOM H3 (2.14) CDenyeT, 'ITO 

r(p ... rr•y) = 0.17 C2 = ( 8,5!. 5,1) r,. 
r(p ... 'IT'IT) 

(4.6) 

8 npe)leDaX OmHOOK STO 3HS'IaHHe He COrDSC)IGTCH C (2,30) H DOJlSBHO - C (3,20), 

C TO'IKH 3peHHH JlHSt"pSMM 4JeiiHM8H8 

He Y'IIITLIBSTL AHarpaMMY c 'leTLtpexHyKnOHHOii 

·y3;,. ·-B38HMOJlOliCTBHO HGB03MOJKH00 GCDH 

neTneii
121

• 8To oocToBTenLCTBO aacTaB-

UHeT pSCCMSTpiiBSTL BblCOKOSHepreTH'IGCKHii BKUSJl B (2,11) 6onee 8KKypaTH00 'leM B DpH

OUHJKGHHH t.jaHa-4Jy6aHH, HaliJleM aenH'IHHY napaMeTpa a , onpenenHromyro aToT BKnan, 

KOTOpSH COOTBOTCT~yeT WHpHHe p ... TT•Y paCD8Jl8 (3,20), MLI HMeeM 

2 2 

gpr~ym e = 0,0042 (4,7) 

4rr 

113 (2,'14,13) COOTBeTCTBeHHO nonyqaeM 

11 ,.. a I = I g P"'l' g o=l = 0 05 + 0,02 c • ' -0,01 
( 4.8) 

r 

x) . 
B <jlopMy-ne (25) STOll paOOTLl KOS<jl<jlHUHGHT 16 CUGAYGT 38MeHaTL HS 32, 

17 



Mbt BHAHM1 'ITO napaMeTp a 6nnaoK K 1, T,e, BhiCOKoanepreTn'lecKnl! BKnBA A B 

8MllrrHTYAY ·y31T B38HMOAeliCTBHH (2,7,9) 6nH30K K 3Ha'leHHIO STOli BMIIrrHTYllbi .B TO'IKe 

HOpMHpOBKH V =- 9/16 • 

/2/ 
B pa6oTe 6btna cnenana nonbtTKa BbrpaanTb neonpenenemryro KOHCTBHTY C 'lepea 

KOHCTBHTY A c noMO!llhiO coo6palKennli, conepmenno oTnH'IHhiX oT nnaKoanepreTn'lecKoro 

npn6mrlKeHHH, CywecTBOBaHlle CBH3H MeJKAy C H A 

HOCTII aneKTpOM8I'HHTHOI'O B38IIMOAeliCTBHH: AITH OIIIIC8HHH 

cnenyeT na npnnnnna MHHHManh

y31T -naanMonei!CTnHH neT He-

06XOAHMOCTII BBOAHTb HOBbie KOIICT8l!Tbl 1 A0CT8TO'IIIO TeX, KOTOpbie OllBCbiB8IOT 41T I ITNN. 

yNN n T,n, naanMonelicTBHR n qepea KoTophle, B npnHtlnne
7
BhlpalKaeTCH A , 4To6bl cag-

38Th c H A 

(2.7,9) 

/2/ 
B 6hmo c<jlopMynnponaHo Tpe6onaHHe 1 '1To6bl npn 6onhmnx anepi'HIIX 

aMnmrTyna CTpeMnnacb K A c, uan6onee 6btCTpbiM o6paaoM, npn aToM <jlaaa 

ITIT -pacceHHHH llpH 6onblllHX SHepi'HHX AOITlKHa AOCTBTO'IIIO 6btCTpO CTpOMHTbCR K IT 

nocnenHee ycnonne COOTBeTCTByeT Tpe6oBaHnto, 'IT06bl 'IITeH nnyX'ISCTH'IHOi! YliHTapHOCTH 

B AIICnepCliOllllb!X COOTHO!llOHH>lX llpH 60nbWHX SHepi'H!IX y6b1Ban AOCTSTO'IHO 6btCTpo
1 

H Ka

lKOTCH ecTeCTBel!HhiM 1 nocKonhKY nee BbiCOKoaHepreTn'leCKHe nKnanht yJKe yqTeHbl n A 

B 
141 

6btno noKaaano, 'ITO nnH <jlaabr, ynonneTnopHto!lleil aToMy ycnoBnro, a •0,96, 

<l>aaa (2,10) npn 6onhwnx aHeprnHx MennenHo CTpeMnTCH K IT • Tpe6onaHHe ennn-
. . . /4/ 

CTBeHnocTn, o6o6waromee c<jlopMynnpoBannoe Bhrwe, MolKHO yKaaaTb n B sToM cnyqae 

OAIIBKO, OliO MOHee H8I'ITHAIIO • TaM He Menee, H B STOM cnyqae nnn a nony'laeTcn 

6mi3KOe 3HU'IOIIIIO a =1,2. 

Mbr nnnnM, 'ITo nepBoe na aTnx ana'leHuil, a TaKJKe nx cpennee cornacyeTcn c Benn-

'IHHO!i ( 4.8) 0 COOTBOTCTBYIO!lleil lllHpHHe pacnana, npenCKB3b!BBOMO!i SU (6) CHMMOTpHeil, 

n napaMeTpy ( 4.1 ) 1 nony'leHHOMY na anannaa peaKI.UIII " - p -+ IT -P y 

5. 3 a K n ro 'I e H u e 

Mbl Bl!JlliM, 'ITO BCH COBOKyllHOCTb HMOIO!JlHXCH JlBliiiblX 0 y31T -B3Bl!MOJlO!iCTBliH 

/1/ KaK npn BbiCOKHX ·sHeprnnx ( p-+ITy pacnana) , TaK n npn nnaKnx <meprnHXI (pa6oTa ), 

YKB3b!BBOT Ha Heo6XOJlHMOCTb y'leTa BbiCOKOSHepreTH'IOCKOI'O BKITBAB B JlllCllOpCHOHllbiX COOT

liOlllOIIHliX JliTH STOI'O B3BHMOJlOHCTBIIH H CornacyeTC51 C AHIIBMH'IOCKHM OllHC8HHOM y 31T 

/2,4/ 
naanMoneilcTnnn, nony'leHHbiM c noMo!llbiO sTnx cooTHowennl! , Hy:llrno non'lepKIIYTb, 

'ITO STOT BblBOJl OCIIOBBII liB ABHHbiX0 l!Orry'lellllbiX H3 SKCllepHMOIITa C llOMO!llhiO TeopeTH

'IOCKHX MOAeneli H I'HllOTe3, noaTOMY 6btn0 6bl BOCbMB JKeiTSTOnhliO HMOTb 6onee Henocpen-

CTBeiiHble ABHHble 0 y31T -naanMoneilcTBHH n p .. "·y pacnane, 

·ABTOpbi 6naronapHbl B.r.KanhlmencKOMy, n.n.HeMeHony, P.M.PbiiiAHHy, A.H.TaBxennn

ae, H.TonopoBy n A.A.XenamBnnn aa o6cy:ll<neHne aaTponyThiX anecb nonpocoB, 
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npnno2KeHHe, Pacnan rl' -Meaoua 

HannmeM MaTpH'IHblll aneMenT S -MaTpHrrhl pacnana .,o-+ 2y B BHAe: 

< lSI > i8(.q-k -k~ ef m 
K" K' F (0), (n,1 > ( e ·. y1.y2 IT = J 

emus 1 2 1 2 (161Tqoko1 ko2 ) , 

rne F(k 
2 

) cjJopM<jlaKTop, onpenenHIOmnli npn k 2 ~ 0 pacnBA 0 +- q k 1 k2 11 ... e ey , . . 
HMHYnhCbl 1T -Me30H8 H tPOTOHOB 0 e

1 
H e 2 - neKTopbl nonnpnaaiiHn. Torna npeM.II )I{H3-

HH 1T0 -Meaona no pacnSAy ua 2·y 

T= ~ 
F

2
(0) 

·. 

3KcnepnMenTanhnoe 

'F(k 
2
) = F(0)(1+ ak2) , Ha 

3H8'10HHe 
/15/ 

Manhlx 
-16 

T '"(1,78:!:.0,26)•10 CeK, npn 
/20/ 

3KCnepHMOHT8 no pacnSAy 

a =(-0,15:!:0,10). 

/18/ 
Bnen.11 narpaH2KH8Hhl naanMonelicTBHil : 

_fBry 

of 
ny 

gn,j, 

g : A 
ny 

( 

f 
a A 

emns a X m 

... 
B 

.. 
_aJi.a IT 

ax. a 

tt0 -+e+e ·y ·nMeeM:· 

(n.2) 

k 2~ 0 • 

(n.s) 

(n.4) 

rne B = p, <il, ¢ , npn'leM n nepBOM na unx nnH B=<il, ¢ , a BO BTOpoM B 1T =BIT 
a a a 

p = p 
3 

, HMeeM nnn <jlopM<jlaKTOpa Bbrpa2Kenne 

F(k 2 )=-I a(-
1-+_1_) 

B m2-k 2 m• 
B=p.c.J.cp B B 

<n.5) 

rne a = g g , npeue6peran p83HOCTbiO MaCC 
B B7>y n.y 

p n <il Meaonon, nonyqaeM nn.11 

a= a p +a <il H a¢ 

a= 

a; 

m'(ll-am,j,) 
F (0) 

2 2 
m ¢-m 

m¢fll -am~ :F (0). 
2 2 

m -m ¢ 

Onpenen.11.11 F(O) na (n.2) · n noncTannnH ana'lenne a 

I a I = ( 0,144 +_ 0,091 ) m , 

H3 (n,3), HMeeM 

I'Ae omn6Ka cooTneTcTByeT nnmh omn6Ke B onpeneneunn a 
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(n.6) 

(n.7) 

(n,S) 



OneHHM a a= g g , Onpenensur KOHCTB.HTY g w na wnpHHhl T(c.>-o,y) •I Msn no 
way •)«< "Y /18/ 

<jJOpMyne (3,19), 8. ~ - H3 8.HB.nH38. <jlopM<jJB.KTOpOB HyKnOHOB : 

2 g,W gWNN = 3,9 
em a 

/36/ 
H HyKnOH-uyKnOHHOro p8.CC9RHHH : 

a 
gWNN 

•2,8 t HMeeM 

n nnSt ap 

3aMeTHM, · 'ITO 

4lT 

I a w I = 0,063 m 

nony'!aeM cnenyromne B03MO>K.nhle ana'!eHHSt 

(0,209 + 0,091 ) m 
I a I = I a .- a ) = I (0 081 +0.091 ) m 

p • -0,081 

em 
g = 
py 

g pr.lT 

(n,9) 

(n,10) 

en. H) 

(n.12) 

xopowo cornacyeTClt c naHHbiMH no 

HHlt (n,ll) nony'laeM 

/18 27/ 
rr N -pacceStHI'.IO ' , 0Tcrona nnlt nToporo ana'le-

f(p-+ITy) 

[(p-+ITTT) 

2 m" +.0,136 
( g P"Y ) z = 0,039 -0,039 ' 

g p1111 
(n,I3) 

B TO BpeMlt K8K nepBOe 3H8'19HHe Jl89T }lnlt STOrO OTHOW9HHlt 3H8'19HHe, npOTHBOp9'181ll99 

(2,30), 3aMeTnM, 'ITO ecnn 

H3 paoOThl/} 9/, TO BM9CTO 

BM9CTO (n,3) BOC nOnb30B8TbCll 3H8'19HH9M 
. +0,4 

(n,13) nony'IHM r I r = 0,15 
P"Y pmr -0,15 

n n T e p a T y p a 

a=( -0,26±_0,16) 

I, T ,Jl, EnoXHHuena, B.r 0 rpeoeHHHK, B.A.)KyKOB, r. nl!oMaH, n.n.HeMeHOB, r.H.CennnaHOBo 
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