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1. BBE,QEHHE 

Bo3MO>:<HOCT b cy111ecTBOBaHY1R MHor9K,sapKOBblX CYICTeM 06CY>KAa-

11acb B JlY!TepaType AOBOJlbHO AaBHO 111. 0AHaKO TOJlbKO B nocneA

Hee speMR BO3HY1KJ1Y1 cepbe3Hble OCHOBaHYIR C4Y1TaTb, 4TO CKaJlRPHble 

pe3oHaHCbl ( J p = ct) C f',\<3CCpMY1 B 0611acTY1 1 f38 RBJlRIOTCR 4eTb1pex

KBapKOBblMY1 CY1CTeMaMY1 / 
2•31• 3Kcnep1-1MeHTaJ1bHble AaHHble no pacna

Aa~ CKaJlRPHblX Me3OHOB /CM. Ta611.l, AaHHble B3RTbl 1,13 / 4/ / e111e 

AaJleKO He nOJlHbl. KpoMe Toro, cy111ecTsyeT YTBeP>KAeH1-1e / 3/ , 4TO 

no11Hb1e w1-1pY1Hbl pacnaAOB S * ➔ KR , o ➔ TJTT , o ➔ K K , np1-1BeAeH-

Hble s / 4~ Bbl4Y1CJleHbl 1-13 3KCnep1-1MeHTaJ1bHblX AaHHblX HeBepHO. 

B np1-1H~1-1ne, CKaJlRPHble Me3OHbl MoryT 6b1Tb op61-1TaJ1bHblMY1 so3-

6y>KAeHY1RMY1 ( L=l) B ABYXKBapKOBOH CYICTeMe (qq). B 3TOM CJly4ae 

pacnaAbl CKaJlRPHblX Me3OHOB onYICblBalOTCR AY1arpaMMOA, noKa3aHHOA 

Ha p1-1c. 1. TaKoA pacnaA Ha3blBaeTCR pa3peweHHblM no npaBHJlY UseA

ra~ 

PHc. I • ,[\HarpaM~a pacnap,a ( qq )
Me3otta Ha p,s a (qq )- Me3 o tt a /tta 

npHMep, p ➔ 211 I. 

8 CJly4ae, eCJlH CKaJlRPHble Me3OHbl RBJlRIOTCR 4eTblpeXKBapKOBblMH 

CHCTeMaMl-1 (q 2 ~).B03MO>KHbl CllfA~IOIIIYle MeXaHY13Mbl pacnaAa Ha ABa 

11erKY1X Me3OHa. Bo-nepBblX, (q ~ ) -cHCTeMa MO>KeT pacnaCTbCR Ha 

ABa 6ec~BeTHblX (qij)-coCTORHHR, COOTBeTCTBYIOIIIYle 11erKY1M Me3o

HaM, KaK 3TO noKa3aHO Ha p1-1c.2a. TaKoA pacnaA Ha3b1BaeTCR 

cyneppa3peweHHblM. Bo-sTOpblX, eCJlH B (q 2ij2~CY1CTeMe Jll06ble ABa 

(qq) -coCTORHHR He RBJlRIOTCR ~BeTOBblMl-1 CY1HrJ1eTaMY1, pacnaA Ha 

nerKHe Me3OHbl MO>KeT npOY130ATY1 B pe3yJlbTaTe o6MeHa rJllOOHOM, KaK 

3TO noKa3aHO Ha pHc.26. TaKoA pacnaA Ha3b1BaeTCR nepeXOAOM C 

OAHOrJllOOHHblM o6MeHOM. 

B AaHHOA pa6oTe pacnaAbl CKaJlRPHblX Me3OHOB HCCJleAOBaHbl B paM

KaX HeJlOKaJlbHOA MOAeJll-1 KBapKOB ~ ! 6blJlY1 paCCMOTpeHbl see Y13JlQ

>KeHHble BblWe BO3MO>KHOCTH. KaK OKa3aJlOCb, cy111ecTBYIOIIIY1e 3KCnep1-1-

MeHTaJ1bHble AaHHble / 4/ 11Y4We cor11acy10TCR C npeAnOJlO>KeHHeM, 4TO 

CKaJlRPHble Me3OHbl RBJlRIOTCR ABYXKBapKOBblMH CYICTeMaMl-1. 0AHaKO 

3aMe4aH1-1el3/ cTaBY1T nOA COMHeH1-1e 3TOT BblBOA. OcHOBHblM KPY1Tep1-1eM 



~ 
~ 

~ 
~ 

( .:.2 2 ) · -
Pttc. 2. ,[lttarpaMMa pacnap;a q q -Me3oHa Ha AB a ( q q )-
Me3oHa /a/; p;ttarpaMMa pacnap;a (q2 q2 )-Me3oHa Ha p;aa 
( q"q)-Me30Ha, T0JibK0 C rJIIO0HHblM o6MeHOM /6/. 

pa3nlt14HR CHCTeM ( q q) H ( q 
2 ii2 ) RBJlReTCR OTHOWeHHe nOllHblX WHPHH 

pacnaAOB ( - H 8 -Me30HOB, a TaKlKe Be11H4HHa WHPHH r( 8 ➔ '71T) 
1-1 r ( 8 ➔ K K ) . B c11y4ae, ec111-1 o6pa6oTKa 3Kcnep1-1MeHTaJ1bHblX AaH

Hwx, ripoBeAeHHaR ehl,npae1-111bHa, TO cKa11RpHwe Me3oHw RBllR~TCR 
4eTwpeXKBapKOBWMH CHCTeMaMH. 

KpoMe Toro, HaMi1 paCCMOTpeH pacnaA A I -Me3oHa (JP= 1+) c 

MaccoH 1100-1300 MaB, A1 ➔ prr B npeAno1101KeHHH, 4TO 3TOT Me-

30H RBJlReTCR ABYXKBapKOBOH CHCTeMOH. Pe3yJlbTaTbl 'ac4eTa Haxo

ARTCR B cor11ac1-11-1 C 3KCn~pHMeHTallbHblMH AaHHblMH / 4 • 

2. HOH ET CKAJl.RPHblX ME30HOB KAK ABYXKBAPKOBMl CHCTEMA 

HoHeT CKallRPHblX Me30HOB ( J p = o+ ). B CHCTeMaTHKe SU(3) 
HO npeACTaBHTb B Q)OpMe MaTpH4b1: 

1 
S =Si ,\j+So r,;-I, 
. v3 

MOlK-

/2. 1/ 

rAe,\i - MaTp1-14w re1111-MaHAa; I - eAHHH4Ha~ MaTp1-14a; SJ - TaK 

Ha3btBaeMble 6a3HCHble BeKTopw npeACTaBJleHHR ~ <l>H3H4eCKHe nOJlR 

CKallRPHblX Me30HOB. s ( S* ,· f' 8. K 1 ) CBR3aHbl C 6a3HCHWMJ.1 BeKTO-

paMH COOTHOWeHHRMH 

2 

S*= S°Cos 01 - S
8

Sin 0.1} 
tg 0 = 

( = S0 sin0 1+ S8 cos0 1 

50 = _1_ S 8± = -~I::fiS 2 
J'3 ' 2 

s 6 -is 7 _ · s 6 +is7 

Ko = ------· K!>=·-----
2 ' 2 

1 

J!,' 

± 
K 

, /2.2/ 

l+J~ 
2 

I 
1 

a 

6 

PHC. 3. ,I:lttarpaMMbl pacn~a CKam1pHblX Me30H0B Ha p;Ba 
nceBp;0CKaJIHpHblX Me3oHa B ABYXKBapK0BOH CHCTeMe. 

PacCMOTpHM eap1-1aHT, KOrAa CKallRPHWe Me30Hbl COCTORT 1-13 ABYX 

KBapKOB. 8 3TOM c11y4ae CKallRPHWe Me30HW RBJlR~TCR op6HTallbHWMH 

B036YlKAeHHRMH cL=l.~arpaHlKHaH B3aHMOAeHCTBHR, YAOBlleTBOPR~~HH 

3TOMY Tpe6oBaHH~ H RBJlR~HHCR 4BeTOBWM CHHrlleTOM, 3anHCblBaeTCR 

B CJleAY~~eM BHAe: 

fs (x) = g8 (q(x) S(x) q(x)) , /2.3/ 

rAe S(x) - MaTp1-14a CKallRPHWX Me30HOB /2.1/, CBR3aHHaR C no11R

MH <l>H3H4eCKHX 4aCTH4 COOTHOWeHHRMH /2. 2/, a q - none KBapKOB: 

q = (u, d, s) • 
8 He110KaJ1bHOH_ MOAellH KBapKOB 16 / KOHCTaHTa CBR3H g S Bbl4HC-

11ReTCR 1-13 YCllOBHR CBR3HOCTH, Tpe6y~~ero, 4T06W KOHCTaHTa nepe

HOPMHPOBKH BOJlHOBOH <l>YHK4HH CKaJlRpHoro Me30Ha zf paBHRJlaCb 

HYll~. noc11e Bbl4HCJleHHH, aHa11orH4HblX npoBeAeHHWM B /6/, OKa3a-

110Cb, 4TO 

h s = gJ 
( 4rr) 2 

"'0,1. · /2.4/ 

OcHOBHwe pacnaAbt cKallRPHblX Me30HOB / c ➔ rm ; 8 ➔ 71 rr ; o ➔ KK ; 
S*➔ KK , 7171 ; K '.. Krr , 71 K / B HH3WeM nopRAKe Teop1-11,1 B03My~eHHH 

onpeAellR~TCR AHarpaMMaMH, H306pa1KeHHblMH Ha PHC. 3a. PacnaAbl, 

Hapywa~~He npae1-1110 UeeHra ( £ ➔ KR:,S*➔ mr), onpeAellR~TCR AHarpai-1-

MaMH, H306pameHHWMH Ha PHC.36. 

BW4HCJleHHR nOA06HWX AHarpaMM aHanofH4HW pac4eTy pacnaAOB 

nceBAOCKallRPHblX l1 BeKTOPHblX Me30Hoe 16 ,.no3TOMY He 6yAeM OCTa

HaBJlHBaTbCR Ha 3THX BW4HCJleHHRX. WHPHHW pacnaAOB napa~eTpH3o-
BaHw no CTaHAaPTHOH <l>OPMYll __ e_: _____________ ~ 

res ➔ P1 P2) =0 SP pk- ( mplm+mp2 )2) (1 -(-m_P_,1'--m---'p~ 2 ), /2 5/ 
· I 2 s ms • 

r.qe KOHCTaHTbl G SP1 P2. BW4HC11R11HCb. 0KOH4aTellbHble pe3yJlbTaTbl 

npHBeAeHw B Ta611.l H 2. 
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Ta6mu~cl____±_ 

.Mo.IUI Gsp,p
2

,M3B r'l'eOpM3B 

c ➔ .:;r.,. .7r- 75,3 73,5 

c .,, Jr a .J(o 38 36,8 

c ➔ ?? 21 II 

t'..., K' .. ,c 5 3,2 

f5-, keo K'o 2,5 I,6 

J· ...... ~ .. 7 52 33,5 

J.,. ➔ lc"f- iro 22 9,4 

S,,.-.:;, K•1c 45 19,4 

s/f .., J('o ro 22 IO 

s* ., 'I 7 40 4 

5" -, ar .. r.- 4 3,9 

S" ..., JfOffO 2 I,9 

~• ➔ :Jrt Ko 33 29 

l( f- -, )Ct-JrO I6!5 
( 

t4,7 

K'f' ➔ K,.7 
0,63 0,45 

113 Ta611. l BHAHO, 4TO HMelOllll-1eCR 3KCnepHMeHTaJ1bHble AaHHb1e
141 

cor11acy10TCR C npeAnOJlO>KeHHeM, 4TO CKaJlRPHble Me30Hbl RBJlRIOTCR 

ABYXKBapKOBOH CHCTeMOH • 

3. CKAJU!PHblE ME30fibl KAK 4ETblPEXKBAPK0BAR. Cl1CTEMA° 

npeAnOJ10lKHM Tenepb, 4TO CKaJlRPHble Me30Hbl RBJlRIOTCR 4eTblpex
KBapKOBblMH CHCTeMaMH. npemAe scero Hawa 3aAa4a COCTOHT B TOM, 
4T06bl B 4eTblpexKaapKOBOH CHCTeMe BblAeJlHTb, · B npOH3BeAeHHH HH3-
WHX npeAcTaBJleHHH (~x3) x(3x3) HOHeT, coOTBeTCTBYIO~HH cKaJ1Rp

HblM Me30HaM. 8 npoH3BeAeHHH npeACTaBJleHHH 

(3x3) X (3x3) = (1+8) X (1+8),.. 1+8+1 + 85 +8 A+· 10 + 10* +27 • 
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HMe~TCR ABa CHHrneTa H TpJ.1 OKTeTa. 8 HaweM cny4ae aHTHCHMMeT
PJ.14Hbll1 OKTeT ( 8 A) paaeH Hyn~. Hy)l(HblH HaM CH Hr neT H OKTeT Mbl 
Bb16epeM H3 AOnonHHTenbHOro ycnOBJ.1R' 4T06bl ( -Me30H He COAep
)l(an CTpaHHblX KBapKOB. Ta Koe npeAnono)l(eHHe 6b1no CAeriaHO B /2/. 

B ( qq) -cHCTeMe BBeAeM CHHrneT 3 H OKTeTHY~ MaTpH4y T: 

B=(qq), 

1 -T = - A. ( q A. q). · 
2 J J 

/3. 1/ 

8 ( q
2 q 2) -cHCTeMe ABa CHHrneTa J.1 ABa OKTeTa aam1CblBa~TCR B cne

AY~l!leM BHAe: 

, B1 "B B =(qq) (qq), 

B2 = Sp (TT) 1 - -
2(q Aiq) (q ,\j q), 

/3.2/ 
1 - -T 1=TB "'-,\.(qA.q)(qq), 
2 J J 

1 1 ) 't2 = TT --Sp (TT)=-d•t. A.(qAkq) (qA q. 
3 4 J..rn J m 

npeAnOnO)l(HM, Kat< CKa3aHo BblWe, 4TO CKanRpHble Me30Hbl KnaccH(j)J.14J.1-
PY~TCR no TaKJ.1M KOM6J.1Ha4J.1RM npeACTaaneHJ.111 /3.2/, 4TO AeHTpanb
HblH ( -Me30H COCTOHT TOnbKO 113 u- J.1 d -KaapKOB H He COAeP)l(HT 
s -KaapKoa. HeTPYAHO BHAeTb, 4To TaKHMH KOM611Ha~HRMH RBnR~TCR 
cneAY~IIIHe CJ.1HrneT H OKTeT: 

1 2 1 - - 4- -I= --I 82--Il1l = -.=-l(qA,q)(qA• q). -(qq)(qq)), 
2\6 3 2v'6 1 1 3 

1 1 1 - - /3 3/ R=--[T.,---T1 ],= --[ d.k A.(qAkq)(qA q)- • J2 ~ 3 4/2 I m I m 

2 ·_ - l ,- 3 Aj ( q Ai q) ( q q) ' 

d jkm -, CJ.1MMeTpJ.14Hbl~ TeH30p SU(3) - OKTeTa. 

6a3HCHble BeKTOpbl npeACTaBneHHR J.1Me~T BHA 

SO = _!._ Sp I = __ l - f (q A . q ) ( q A . q) - .!_ (q q) ( q q ) l. 
3 2.,/6 J 1 3 

6 

. . 1 
Sl = Sp ( ,\l R ) = --- i d,k (q,\k q) (q,\ q} -_ J m m 

2v'2 /3.4/ 
2 - -- 3 (qAiq)(qq) I. 

Ha COOTHOWeHHH /2.2/ H (j)opMyn /3.4/ nony4HM, HanpHMep: 

c = -L [ (du) (~d) - (dd) (~u) 1 
.,; 2 

S* =-1.[(ds) (;d)+(~s) (;u)-((ti°u)+(dd))(;s)]., 
2 

+ 1 - - - -o = -[(ds) (su) - (du)(ss)l, 
ff 

+ 1 .- - - -
K = - [ ( s d) ( du) - ( s u) ( d d) 1 • 

.,;2 

/3.5/ 

3aMeTHM' OAHaKO' 4TO COCTORHHR CKanRpHblX Me30HOB' nony4eH-
• /2 I 
Hble BI 1 , OT n1,14a~TCR OT COCTORHJ.111 /3. 5/. 

npJ.1cTynJ.1M Tenepb K nocTpoeHJ.1~ narpaH)l(HaHa B3aJ.1MOAeHCTBHR. 
8 4eTblpeXKBapKOBOH CHCTeMe B03HHKaeT cneAY~IIIHH npoH3BOn. Bo
nepBblX, npJ.1 COCTaBneHJ.111 4eTblpexKaapKOBblX CHCTeM /3.2/ MO)l(HO 
11cnonb30BaTb KaK 4aeTOBbIe c11HrfleTb1/ Cla qa) / a- 4~eToao11 J.1H
AeKc/, TaK H 4BeTOBble OKTeTbl (qa,(Aj >!ta' qa') / A j - MaTPJ.11.lbl 
renn-MaHHa B npocTpaHCTBe 4BeTa/. Bo-BTOpblX, ecnH npeAnOnO)l(J.1Tb, 
4TO B HepenRTJ.1BJ.1CTCKOM npeAene KBapKJ.1 HaXOARTCR B COCTORHJ.1J.1 
c L=O,To CHCTeMy /3.2/ MO)l(HO 11cnonbaoaaTb KaK nceBAOCKanRp 
( q Ys q) ;a TaK)l(e KaK BeKTOp (qy q). . 

HTaK' B ( q q) -cJ.1CTeMe J.1MleM 4eTblpe SU(3) -cHHrneTa: 

(pl -
B = ( q Y5 q ), 

(v) -
Bµ.=(qyµ_q), 

/3.6/ 
(pc) _:, C 

Bk = ( q Y 5 Ak q). 

(vc) -
B =(Qy A q), 

µ 1 k µ k 

7 



vi 4eTb1pe SU(3) - OKTeTa: 

Ip) 1 -
T = 2,\i (qy5 ,\jq) • 

(v) 1 -
T µ = 2 A/ q Yµ ,\Lq) • 

- C 
T(pc)=J_A: (qr,5 A. ,\kq) • 

k 2 J l 

T( vcl 1 ,\ (- ,\ ,\c ) . 
µ,k = 2 j q Yµ i k q • 

/3.7/ 

no ¢opMyJ1aM /3.2/-/3.4/ COCToB.JlRIOTCR MaTPHl.lbl l J,1 R J,1 6a3J,1CHWe 
BeKTOPbl s i J,1 s O 

AilR acex 4eTb1pex sapviaHTOB /3. 6/ J,1 /3. 7 /. 
flarpaHmHaHw B3al1MOAeHCTBHR CKailRPHWX Me3OHOB C ~aapKaMH 

aanv1cwaa10Tc11 a BHAe 

f (x) = .I gA Sp l S(x) Qix) I. 
A /3.8/ 

3AeCb S( X) - MaTpv11.1a noneii CKaJlRPHblX Me3OHOB /2. 1 /' a MaTpv1-
1.1a QA (x) HMeeT BHA 

Qix) =Rix)+ .1.. iix), 
. 3 /3,9/ 

rAe R A(x) vi lA(x) AaJOTCR <1>opMy11aMv1 /3. 3/. HHAeKc A npo6eraeT 
ace B03MOmHble aapviaHTbl ( A = P, V, pc. vc) B /3. 6/ J,1 /3. 7 /. Ha
npviMep, 

Rp= -
1

-ldjkm ,\j(<Iy5Akq)(ciy5Amq)-
4J2 · 

. 2 - -
- -- A ( q,.,. A. q) ( q y q) I 3 . ,5 J 5 

1 - C - C 
Rvc= 

4
\/2·:::ldjkm ,\ (qYµ,\,\sq) (qyµ·,\m,\sq),-

2 - C - C 
-3,\/qYµAjAsq) (qyµ ,\sq)!. 

OcTailbHwe MaTpv11.1w awnv1cwaa10TCR aHa11orv14Ho. 
8bJAeJ1HM Tenepb 3<!>¢eKTHBHYIO KOHCTaHTy paa11omeHJ,1R B 

Teopv1v1 B03MYLJ.1eHHH AilR B3aHMOAeHCTBHR THna /3.8/. ~IlR 

8 

PRA no 
3Toro 

B ll -noPRAKe TeOpHH B03MYUleHHH paCCMOTPHM aMnilHTYAY C 8 - BHew
HHMH l1 I -aHyTpeHHHMH Me3OHHblMH IlHHHRMH, Q - KBapKOBblMH neT
IlRMH. CnpaBeAilHBW COOTHOWeHHR 

B + 21 =n, -Q = 2n. 

HHaapviaHTHWH MaTpH4HblH 3JleMeHT MOmHO YCJlOBHO aanvicaTb B B1-?Ae 

L 2 
, I+Q-(n-1 l - 4- p 

n • L Q 
Mn= g_d(d p) l ·-- e ) x 

(2rr) 
1 

1 1 I \ n-1 
xf - 4 --1 r (211) I .. 

(2rr) m2 + p2 
g2 

,. (217) B (L 17)B-4[ ~ ( _3 _) 6 ] n, 
4 4rrL 

OTKYAa BHAHO, 4TO BeJ1H4HHa 

2 
g,\ 3 6 

hA= -.:.-(--) 
4 411L 

/3. JO/ 

RBJ1ReTCR 3¢<!>eKTHBHOH KOHCTaHTOH paanomeHHR B PRA no Teopv1v1 
B03MyiqeHH11, 

TaKHM o6pa30M, B ~eTwpeXKBapKOBOM cny4ae, B OTJ1H4He OT AByx
KBapKoaoro, BO3HHKaeT 4eTwpe KOHCTaHTW CBR3H. Yc11oav1e z~ =0, 
TO eCTb ycnoavie Toro, 4TO CKailRPHWH Me3OH eCTb CBR3aHHOe co
CTORHHe 4eTblpex KBapKOB, nO3BOJlReT <t>v1Kcv1poaaTb IlHWb OJ:IHY J,13 

HHX. no3TOMY BHa4aJ1e AilR npocTOTW 6yAeM HCCileAOBaTb Heaaa'v1cv1MO 
KamAWH aapv1aHT B3aHMOAeHCTBJ,1R. 

Bo BTOPOM nopRAKe Teopv1v1 B03MYLJ.leHHH yc11oav1e CBR3HOCTl1 aanvi
cwaaeTCR B BHAe 

S I 2 . 
Z2=l +1.2(P) lp2=m2"0, /3.11/ 

Maccoaw11 onepaTop onpe~enReTCR AHarpaMMaMH tta pvic.4. nocne 
CTaHAaPTHWX BW4HcneHv111/6/ no11y4aeM He06XOAHMWel3blpamettHR AilR 
npoviaaoAHWX Maccoaoro onepaTopa: 

~l 2 4 5{ ) .:. (m ) =- -hp2 (-) 12V3 -V4 , 
p 3 

l 2 4 6 
k"pc(m) = -\ 0 2 (3) [ 12V3 + V 4 l, /3. 12/ 

l 2 4 6 l 2 
Iv (m ) = -h v 60 ( 3 ) W3; ~vc (m ) 

4 2 
=-hvc 208 (3 ) W3 , 

3AeCb V 3 , V 4 , W3 - CTpyKTYPHble HHTerpaJ1bl, RBHWH BHA Ko-
Topwx npviBeAeH a npv111omeHv1v1. 

9 



A ~t::::)§§ ~ 
Puc. 4. ~IrnrpaMMbJ, OilllCbiBaJO~e .MaCCOBbllI onepaTop 

B tieTblpeXKBapKOBOH CHCTeMe. 

h-102 

ti 

• 
6 

i 

z 

05" 0,1 o,, 0,11 0,1J' 

§ 

M /r3B/ 

Puc. 5. I'paqmK 3aBHCHMOCTH 3ip!peKTHBIIOit KOHCTaHTbl CBH3ll 

OT MaCCbl, 

noACTaBJlRR /3.12/ s /3.11/, onpeAeJ1ReM 3aBHCHMOCTb OT Mace 

CKaJlRPHblX Me30HOB. rpa(j)HK 3TOH 3aBHCHMOCTH npHBeAeH Ha PHC. 5. 
npeACTaBJlReT HHTepec cny4ar)i, KOrAa flOJlHblH narpaH>KHaH---;;:;;;i

eTCR CYMMOH /3.8/. 4T06bl H36e>KaTb B03HHKalOUlero npH 3TOM npo1-13-

BOJ1a, nocTyn1-1M no aHanor1-11-1 cf 21, npeAnono>KHM, 4TO nonHblH nar

paH>KHaH 3an1-1CblBaeTCR B BHAe 

f(x) =gxaASp I S(·x)QA(x) I /3. 13/ 

10 

il 
/' 

1 

rAe 

aA =· 
h iO) 

\ /~ h2 (0) 
A 1'A '. 

TaK 4TO 

2 
~ a,,.= 1.· 
A " .• 

\· .. 

r 

3AeCb hA(0) :- KOHCTaHTa CBR3H /3. 10/,oHa Bbl4HCJ1RJ1aCb He3aBHCHMO 

AJlR Ka>KAOro sapHaHTa B3aHMOAeHCTBHR A B npeHe6pemeHHH Mac

COH CKaJlRpHoro Me30Ha /T04KH npH m = 0 Ha PHC. 5/. Mbl OTAaeM 

ce6e OT4eT' 4TO Ta KOH_ Bb16op KOHCTaHT B3aHMOAeHCTBHR AOCTaTo4-

HO npoH3BOJ1eH, OAHaKo B HaCTORU1ee speMR y Hae HeT APYrHX 60-

nee pa3YMHblX HAeH, ~eM
0

$HKCHpOBaTb HMelOUIHHCR npoH3BOJ1. TeM 

He MeHee TaKOH Bb16op KOHCTaHT B3aHMOAeH,CTBHR noKa>KeT HMelO~He

CR B03MO>KHOCTH' 3aJ1o>KeHl;lble B narpaH>KHaHe B3aHMOAeHCTBHR /3. 8/. 
np1-1 TaKOM nOAXOAe nony4alOTCR CJleAYIOUIHe 4HC[leHHble 3Ha4eHHR 

AJ1R KOHCTaHT a A: 

3p = 0,89; ape= 0,26; av= 0;36; a vc"' 0,11. · /3. 14/ 

06U1aR KOHCTaHTa B3aHMOAeHCTBHR 

g 2 3 6 
h = 4- ( 4irC°"") 

onpeAeJ1ReTCR 1-13 YCJlOBHR CBR3HOCTH /3.11/. 3aBHCHMOCTb KOHCTaH

Tbl h OT Mace ·cKilJlRPHblX Me30HOB npHBeAeHa Ha~-

4. PACnA.Qbl S ➔ P1 P2 

HCXOAR 1-13 narpaH>KHaHOB /3 .8/ paCCMOTpHM OCHOBHble s ➔ P1 P2 
pacnaAbl CKaJlRpHblX Me30HOB s ( S*. f. 0. K ) • CoinseTCTBYIOUIHe AHar

paMMbl 1,1306pameHbl Ha p1-1c.6. A1-1arpaMMa p1-1c.6a onHcbleaer, nepexoA 

c y4aCTHeM TOJlbKO 4B~X CHHrneTOB. TaKOH nepeXOA yCJlOBHMCR 

Ha3blBaTb cyneppa3peweHHblM KaHaJlOM. A1-1arpaMMa PHC.6~ onHCblBaeT 

nepeXOA C y4aCTHeM. TOJlbKO 4BeTHblX OKTeTOB, TaKOH nepeXOA, C 

T04KH 3peHHR KBaHTOBOH XpOMOAHHaMHKH, COOTBeTCTByeT AHarpaMMe 

c OAHOr JllOOHHblM o6MeHOM. 

B cny4ae p -cBR3H BKJlaA AalOT KaK AHarpaMMa p1-1c.6a, TaK H 

j)HC. 66. HHsap1-1aHTHblH MaTl)H4Hbll1 3JleMeHT 3anHCblBaeTCR B BHAe 

11 - 1 16 2 . 2 
M p= ,::- ,\P v hp -2 ( -

3
-) Cs P. p I 13 W 1 + 

. . I 2 . 

1 ( 2 2 · 2 ) w2 I 
+-8µS-µP-µP 2 = /4. 1/ 

I 2 
· Mio>· · ( ) · 

= M(a) (1 + __ f_) .. M a (1 + -L) .. 1,08 M(a) 
P M<al . P 12 P 

,p 
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a 6 

Pnc.6. ,[(HarpaMMbI pacnaAa CKanRpHblX Me90H0B Ha ABa 
nceBA0CKannpHhlX Me90Ha B qeTblpeXKaapK0B0H CHC,TeMe, 

Ta6nm\a _ _3 

Mo,n;I:1 C S~& 

c..,Jl,,.7(- VJ 
., f;f. 

C ➔ 'J{OJ(O vf_ 
'( 

c' ➔ 77 J Slit'Z/t9i--6>7); r,;-:::-fto 

5* ➔ K",,. K- 1 
a!(i 

s•~ IC" 0 i• .!.. 
,s, 

.S* ➔ 77 .L Sin.flex-BJ) 
,,N.f' 

5'1" ➔ 'JT .. J _/ eos ( S·r- &7J 

J-t ➔ 1c• R• :1.. 
,t 

ac+ _., 'JTt Ro 11-3'"' 
-!ff 

,re-+ -") K° T 31"0 vI' 
~ 

a:+-, K+ J _1 eos ( 0x- 6?,) 
Jr1 

~ 

P2 

J 

Ha /4.1/ BHAHO, 470 0CH0BHOH BKnaA AaeT cyneppaapeweHHblH Ka
Han,To eCTb AHafpaMMa p1,1c.6a. 

,l\nR pc-, v-, vc -aapHaHT0B B3aHMOAei1cTBHR BKnaA .qaeT T0nbK0 
AHarpaMMa ,PHc.66: 

TT-,-1 162 f21 2 
MA = L,\P VhA 2 ( 3 ) Cs1 P2 

W1 + 8 ( /ls -

2 2 2 I 
- /lpl -/lp2 ) . W2 • 

r.qe A=pc, v, ,vc; Csp1 p 2 - rpynnoabre K03¢¢1,1411eHTb1, npH°BeAeH

Hble a Ta6n. 3 ,qnR Ka>K.qoro K0HKpeTHoro pacna,qa; Ap"" 0,13- 3¢¢eK
THBHaR KOHCTaHTa CBR3ltl .qnR nceBA0CKanRPHblX Me30H0Biµ1-m1L/2; 
wj - CTpyK~YPHble HHTerJ?anbl, f,l~HblH BHA KOT0pbtX npHBeAeH B np1,1-
no>KeHHH. 

AHanorn4Hbre a·b141,1cneH1t1fl c narpaH>KHaHOM /3. 8/ 1-1 c K03¢¢1t1L1HeH
TaM1,1 /3.14/ AalOT 

, M v Mvc M n-0 ' 
M = M (1 + -- + -- + __,___ ) = 0 81 M .. 'P M M M ' P' 

, p p p , , 

M =089 M(al. M(al=-7!..,\ -~C 6(-lli_)2W2 /4.2/ 
P • P • . P L , P v , SPl p2 3 I • 

TO eCTb TaK ll{e, KaK W B cny4ae p -aapHaHTa ,0CH0BHOH BKnaA AaeT 
cyneppaapeweHHblH' Ka Han. ; 

W1,1pHHb1 pacnaAOB napaMeTp1t1aosan1t1cb no ¢opMyne /2 .5/. Peaynb
TaTbl npHBeAeHbl a Ta6n. 1 1t1 4. 

non,Y4eHHble peaynbTaTbl rOBOpRT O TOM,- 4T0 B 4eTblpeXKBapKOBOM 
Bap1t1aHTe HMeeTCR CltlnbHaR 3aBHCHM0CTb OT Bbl6opa B3aHMOAeHCTBHR. 
BHAHMO, C4HTaR K0HCTaHTbl gA(A=p, V, pc, vc) npOH3B0nbHblMH 
napaMeTpaMH, CBR3aHHblMH m1Wb OAHHM ycnOBHeM CBR3HOCTH, MO>KHO 
nOAOrHaTb Bee HMelOutHeCR 3KCnep1,1MeHTanbHble AaHHble. Ha1,16onee 
HHTepeCHblM HaM npeACTaBnReTCR WHPHHa pacnaAa 8 -Me3oHa. 'Ecn1,1 
aBTOpbl pa6oTbrl3/ npaBbl 1,1 nonHaR WHPHt:ia f'(8) .. 280 M3B, TO 3TO; 
HeCOMHeHHO, roBOPHT B nonbay 4eTblpexKaapKOBOro C0CTaBa CKanRp
HblX Me30HOB. Ecn1,1 >Ke np1,1BeAeHHaR B / 4/ w1,1p1,1Ha r(B) "'52±_8 M3B 

nOATBeP>KAaeTcl=I, TO, no HaweMy MHeHHIO, CKanRpHble Me3'oHbl flBnR
IOTCR ABYXKBapKOBblMl,1 COCTO,RHHRMH, MO>KeT 6b1Tb' C He6onbWOH np1,1-
MeCblO 4eTblpexKBapK0BblX. ' 

5. AKCHAflbHO-BEKTOPHbltl ME30H. Ai (JP= 1+) 

,l\nR nonHOTbl pacCM0TpHM 'pacnaA aKCHanbHoro BeKT0pHoro Me-
30Ha A1 ( J p = 1 +). KOTOPblH 6b1n 06Hapy>Ke;1 B pai1oHe Mace , 
11 00-1300 ~13B C WHPHHOH r .. 300 M3B 4/_ 3TOT Me30H RBnReTCfl 
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PHc,7 • .QHarpaMMbI pacn~a aKcHanbHo-BeKTOpHoro Me3oHa 
C HapymeHHeM npaBHna nBettra B qeThlpeXKBapKOBOH CHCTeMe. 

H3OTpHnneTOM OKTeTa. 8 cny4ae, ecnH 3TOT Me3OH RBflReTCR AByx
KBapKOBWM COCTORHHeM, narpaHmHaH B3aHMOAeHCTBHR ero C KBapKa
MH HMeeT BHA 

(;) (+) -
.t.(x) = g Alµ (u YµY;; d) + 3.C. 

KOHCTaHTa CBR3H H3 ycnoBHR CBR3HOCTH OKasanacb paBHOH 

2 
hA 1 = __g__,,.0,4. · 

( 411) 2 

/5. 1/ 

/5.2/ 

PacnaA A1 ➔ p11 onHcweaeTCR AHarpaMMoA, aHanorH4HOH AHarpaMMe 
Ha PHC. 3a. IUHpHHa pacnaAa' nony4eHHaR nocne CTaHAaPTHWX Bb1-
4HcneHHA, npHBeAeHa B Ta6n.1. 

E~nH C4HTaTb, 4TO A1-Me30H COCTOHT H3 4eTwpex KBapKOB no 
aHanorHH C COAepmaHHeM O -Me3OHa' narpaHmHaH B3aHMOAeHCTBHR 
e cny4ae 4eeToeoro CHHrneTa MomeT 6wTb 3anHcaH e BHAe 

(;) (+) - - - -
.i. =igA 1µ[(sy5 d) (uyµs)-(uy5 d)(syµs)+ 

+ (syµd) (ii~ s)-(iiyµd) (sy
5 

s)]. 

OTC~Aa BHAHO, 4TO B 4eTwpexKeapKoeoA 
HapywaeT npaeHno UeeAra TaK, 4TO 3TOT 
AHarpaMMaMH THna noKa3aHHWX Ha PHC,7, 

/5.3/ 

CHCTeMe pacnaA A) ➔ p 11 
pacnaA 6yAeT onHCblBaTbCR 
Pac4eT TaKHX AHarpaMM 

AOBOflbHO cnomeH, OAHaKO MOmHO C yeepeHHOCTb~ CKa3aTb, 4TO WH
PHHa pacnaAa 6yAeT 3aMeTHO MeHbWe nony4eHHOH AflR ABYXKBapKoeo
ro cny4aR. 

B npHH4Hne, B 4eTwpeXKBapKOBOA CHCTeMe AflR A1 -Me3oHa Mom
HO Bbl6paTb APYroe KBapKOBOe COAepmaHHe, nocKOflbKy e AaHHOM 
cny4ae eosMomHw ace TPH OKTeTa e pasnomeHHH (1+8)x(1+8). 
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no3TOMY cy~eCTBY~T TaKHe 4eTblpeXKBapKOBble COCTORHHR A1 -Me-
30Ha, 4TO pacnaA A1 ➔ p TT MOlKeT HATl-1 6e3 HapyweHHR npaBHJla 
UseHra. 0AHaKo Mbl 3AeCb HHKaKHX Bbl4HcneHHH AenaTb He 6yAeM, 
nOCKOJlbKy 3KCnepHMeHTaJ1bHble AaHHble noKa e~e BeCbMa CKYAHbl. 

B 3aKJ1~4eHHe aBTOpbl BblpalKa~T r11y60Ky~ 6naroAaPHOCTb H.H.A4a
COBY, C.6.fepaCHMOBY H A.6.rosopKOBY 3a none3Hble 06CYlKAeHHR. 

nPHJlOlKEHHE 

nponaraTop KBapKOB B KOOPAHHaTHOM npOCTpaHCTBe HMeeT SHA 

G (i) =-A(x2 ) + ix. B(x2), 

B eBKllHAOBOM npocTpaHCTBe 

2' , 1 . 2 1 
A(-xE)= 23 a,(e,xE); xEB(-xE)=-

2
,

1 
,B(f,xE), 

rrU rru , 

oo JI (xEt) -12 
a.( 0 = a, = 4 f dt t 2 ---- cos (gt) e , 

0 XE 

oo 2 J2(XEt) -12 
,B(e) =-,8 = 4 f dt t ~~-- sin (et) e , 

0 XE 

rAe Ji (z) - <l>YHK4H1-1 6eccenR. 

00 3c·-2 21 1. Wi(O = f dx x a.+ ,B , W1 (1,4) = 2,0, 
0 00 

W2(e) =· fdxx4 a,f3, W2(1.4) =2,4 .• 
0 

2. Vi(fl ~'fdxx5[a~+,B
212

, V1(1.4)=0,508, 
0 

I:\ 
00 

5 [ . 2 2 -2 2 21 V2 (s, = f dxx (a, +,B) +4a, f3 , V2 (1,4)=0,834. 
0 

00 

3. V3(e~m) =½fdtt3[Io(µt)--LII(µt)l (a~+,8 2) 2, 
µ 0 µt 

rAe Ii 

16 

V 3 (1,4; l.,tr38) = 0,7, mL 
µ =-

2 

1 
00 

3 2 ] 2 22 V,i (t,m)=-
2
fdtt [I0 (µt)--_ I1(µt) ((a, +,B) + 

µ 0 µt 

+ 4ai,a2), V4(1,4; 1,1 f3B) = 1,3, 

- MOAH<l>H4HPOBaHHaR <l>YHK4HR 6ecceJ1R. 

;n.11 

m.21 

,-, 

ipll!"t-ipryl:l ~ ~ 
4. f dt1 dt 2 P - Sp I y 5G (-t 1) y 5G(t

1
) I < 

-< Sp I :v5 G (-t 2) Ys G (L2) 
16 (W1 (fl) 2 

= - -( Srr2-r}!)T • 

ipl t 1+ ip ,,t 2 ~ - ~ ~ ~ 
fdt 1 dt 2 f - Sply5 G(-t 1)y 5 G(t

1
)y_

5
G(-t

2
)y

5
_G(t

2
)1"' 

4 2 /:\ l ( 2 . 2 2 ) -W 2 ( t:)) - -·---- ( W1 (s1 t -- µ5 - /L p - µ p 2 S 
(8rr2L2)2 _8 I 2 . 

ip1t1tip2t2 ~ ~ ~ ~ 
· fdt 1 dt.1f Sply G(-t)r,

5 
G(t

1
)y G(-t.)y_G (t) I=--

- µ I µ 2, 2 

4 2 1 2 2 2 2 =--------(-4W 1 (e}- -(µ -µ -µ ) W (g}) .• 
(Srr2 L2 ) , 4 S p I p 2 2 

1 I 3 2 2 2 22 5. W3 (t;m) = ---,.,- fdt t [ lo (µt) - -- I1(µt)] ((a + fJ ) -a f3 ) , 
/L - 0 µt 

W3 (1,4; 1,0 f38)=0,22. 
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