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1 • BBEilEHHE 

8 HSCTOR~ee BpeMR Mana KTO COMHeBaeTCR B peanbHOM cy~eCTBQ-

88HHH KBapKOB, nOCKOJ1bKY, H $eHOMeHOnorHA ¢M3HKH 3J1eMeHT8PH~X 

48CTH~ HH3KHX 3HeprH~, H HHTepnpeTS~HA 3KCnepHMeHTOB C 60J1bWH

~ nepeASHH~MH HMnynbCBMH XOpOWO yKnaA~Ba~TCA 8 pSMKH rHnOTe3~ 

0 KBSpKOBO- rJ1100HHO~ npHPOAe Clr!JlbHbiX B38YJMOAe~CTBvtH. 0TCyTCT

BYJe KBapKOB 8 CB06oAHOM COCTORHYJYJ YJHYJ~YJHpOB8J10 paapa50TKy 60J1b

woro KOJ1YJ4eCTB8 MOAeneH, n~Ta~YJXCA o6bACHYJTb MeXSHH3M YAep

*8HHA KBapKalti.QcHOBHSA YJAeA 3TYJX nOAXOAOB 38KJ11048eTCA B TOM, 

4TO KB8PKH RBJ1AIOTCR 06biLIHbiMJ.1 A\.11P8KOBCKYJMir\ 48CTH~8MI-1, HO He 

P0*A810TCA 6narOA8PA KaKOMy-TO AHHaMYJ4eCKOMY MeXaHYJ3My. 

KBSHTOBSA xpOMOAHHSMHKa /KXA/, KOTOPSA, no npYJHATOMY ceH-

48C 11 06\lleCTBeHHOMy MHeH\.11011 , npeTeHAYeT CTaTb Teop1o1e~ C1o111bHbiX 

83a\.1MOAeHCTBio1H, e~e He B COCTORH\.1\.1 06~RCH\.1Tb KaK YAepmaH~e 

KBapKOB \.1 f11100HOB, TaK \.1 OTCyTCTB\.1e ~BeTH~X SAPOHHbiX COCTORHJ.1H. 

no3TOMY B HaCTOR~ee BpeMR KXn, HMeR B C\.111Y CBOHCTBa aCHMnTo

T~4eCKOH CB060Abl, xopowee nOATBepmAeH\.1e B 3Kcnep\.1MeHTaX, CBR-

3aHHbiX C MaJlbiM~ pacCTORHJ.IIRM!o<1 /3aMeTHO MeHbW\.1MJ.1 paAHyca 11 KOH

¢aHHMeHTa11/, B o6naCTio<1 11 KOH¢aHHMeHTa11 f ..... lQ-13-:-10- 14 CM/ TepReT 

CBOIO npeACKa3aTe1lbHYIO C~Ily ~ C11Ym\.1T CKOpee OTnpaeHOH ¢J.II110CO¢

CKOH T04KOH 3peHHR, 4eM MaTeMaTH4eCK\.1M annapaTOM \.1CC1leAoBaH!o<1R 

¢~3\.1K\.1 aApOHOB H\.13K\.1X 3HeprHH. 

HaM Ka~eTCR, 4TO Aame e cny4ae ycnewHoro peweHMR npo6neMbl 

KoH¢aHHMeHTa s KXn /4To, KoHe4H0, 6yAeT OAHHM 1o13 3Ha4HTenbH~x 

AOCT\.1~eH\.1H TeOpH1o1/, peaJlbHbiH MaTeMaTH4eCK\.1H R3~K Qn\.1CaHHR 

¢\.13\.1KH aApOHOB 8 06JlaCT\.1 KOH$aHHMeHTa, KOTOp~H B03H\.1KaeT 1113 

KXn, 6yAeT MHOrO npome TeX MaTeMaTH4eCK\.1X CTpyKTyp, KOTOpbiM\.1 

e HacToRmee epeMR onep\.1PYIOT a KXA. 
no HaWeMy y6emAeHHIO,. AJlR aAPOHHOH ¢\.13\.1K\.1 B o6naCTH KOH¢aHH

MeHTa AOilmHa cymecTBOBaTb B paMKaX pe11RT\.1B\.1CTCKOH KBSHTOBOH 

Teop\.1\.1 nonR AOCTST04HO npoCTaR CXeMa, B KOTOpoH 6bl11\.1 6bl 

cnpaBeA1l\.1Bbl C1leAY~\.1e yTBepmAeHHR! 

1/ KBapK\.1 He cy~eCTBYIOT B CB060AHOM COCTORH\.1\.1; 

2/ aAPOHbl COCTORT \.13 KeapKOB; 

3/ aAPOHHble ~BeTHble COCTORH\.1R nOilHOCTbiO OTCYTCTByiOT; 

4/ BCe aKCHOMbl pe11RT\.1B\.1CTCKOH KBaHTOBOH Teop\.1\.1 nonR Bbl

nonHeHbl; 

5/ cymeCTByiOT narpaHm\.18Hbl B3aHMOAeHCTB\.1R aAPOHOB C KBapKaMH, 

KOTOpble On\.1CbiB810T ¢\.13\.1KY aAPOHOB H\.13KHX 3Heprio1H /CHJlbHble, 
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3IleKTpoMarH'-1THble, cna6ble pacna,Qbl 1-1 H'-13K03HepreTI-14ecKoe paccert
H'-1e BAPOHOB/; 

6/ '-1MeeTC.A MI-1HJ.1M8IlbHbll1 Ha6op CB060,QHbiX napaMeTPOB, xapaK
TepJ.13Y~~J.1X TOilbKO KBapKJ.1. 

Ha POilb TaKoH CXeMbl npeTeH,QyeT HeJ10KailbH8.A MO,Qeilb KBBPKOB /HMK/ 12:8 OCHOBy MO,Qeill-1 AJl.A on~t~CaHJ.1.A HepOm,Qa~eroC.R KBapKa 
6b1na nonomeHa cne.Qy~~aR ~t~Ae.A. 6blllO nocTpoeHO HOBoe KBBHTOBaH
Hoe none, KBBHTbl KoToporo soo6~e He cy~eCTBYIOT s cso6o,QHOM 
cocTO.RHJ.1~t~, HO TeM He MeHee nponaraTop TaKoro non.A ~t~MeeT HeTP~t~B~t~ailbHYIO 3BBJ.1C'-1MOCTb OT BHpTyanbHOro J.1MnyJ1bCa. 3TJ.1 HeCy~eCTByiO~J.1e 4aCTJ.14bl 6biJ1J.1 Ha3SaHbl 11

BJ.1PTOHaMI-1 11 , Ill none, Oni-1CbiBaiO~ee 3TH 4BCTH4bl, fiblnO Ha3BBHO BJ.1PTOHHbiM nOJleM, 
B~t~pTOHHOe none cTpoHTCR cneAYIO~J.1M o6paaoM. nycTb 

~ 0 (x) ~ q(x) Z(p) q(x) 

narpaH)!{J.1aH BltiPTOHHoro non.A q(x). Tor,Qa onepaTop Z(P) AOll)!{eH 6b1Tb Bbl6p.3H T8KHM ofipa30M, 4TO e,QJ.1HCTBeHHbiM peweHHeM ypaBHeHJ.1.A ABJ.1)!{eHJ.1.A 

Z(p) q(x) ~ 0 I 1. 11 
AOJl)!{eH 6b1Tb TO)!{,QecTBeHHbl~ HYllb 

q (x) ~ 0. I 1. 21 
C APYrO~ CTOPOHbl, Mbl XOTVIM, 4T06bl ¢YHK4J.1R rp~t~Ha nonR q(x) ,YAOB
JleTBOp.AIO~a.A ypaBHeHHIO 

Z(p) G(x-y) ~.!..s(x-y). 11.31 1 

6blna OTJ1J.14HO~ OT HyJl.A, 

G(x-y) ~ z-1(p) 1... 8(x-y)~ f ...ll/._ Z-1(PJ e -ip(x-y) ~ 0. 
1 (2rr )4; 11.41 

3TO 03HB4aeT, 4TO BVIPTOHHOe none, KOTOpQe paBHO HYniO B CB060AHOM CQCTQRHJ.1H, TeM He MeHee, MQ)!{eT cy~eCTBOBaTb 8 BJ.1pTyanbHOM COCTO.AHI-1H. 

fiBHbiC1 BI-1A onepaTopa Z(P) MO)!{eT 6b1Tb Hai1AeH npJ.1 HeKOTOpbiX ecTeCTBeHHbiX npe,QnOJ1Q)!{eH!-1.AX /2/: 
A 1 A L 2 Z(p) ~-exp{- ep--p 2 }. 11.51 L 4 

TaKI-1M o6pa3oM, onepaTop Z(P) ¢HKCI-1pyeTcA c T04HOCTb~ AO ABYX napaMeTpos: 

L • 

2 

~ ~ 2e 
L 11.61 



CT8HA8PTHble MeTOAbl Kn8CC\.114ecKO~ \.11 JlOK8IlbHO~ KB8HTOBO~ Teo

p~\.11 noJlR He no3BOJ1R~T OAHOBpeMeHHO YAOBJleTBOPHTb ypaBHeHH~ 

/1.1/ c peweH~eM /1.2/ H ypasHeH~Kl /1.3/ c peweH~eM /1.4/, 

nocKOilbKy ¢yHK~HR rp\.IIHa CTPO~TCR \.113 peweH\.11~ CB060AHOro ypae

HeHHR /1.2/. 0AH8KO B paMKSX MeTOAOB HenOK8J1bHO~ K88HTOBO~ 

Teop~H nonR f:S/ 3Ta npo6neMa MO>+<eT 6biT b peweHa. HMeHHO, MO>+<HO 

nocTPOHTb T8KOe perynRpH30B8HHOe J10K8JlbHOe KB8HTOB8HHOe none 

qO(X), onpeAeneHHOe HS COOTBeTCTBy~eM npOCTpaHCTBe ~OKa, KQ

TOpOe 8 npeAe.ne CHRT\.IIR ·pery.nflp\.1138~\.11\.11 YAOBJleTBOpReT Heo6XOA~Mb1M 

yCilOB!IIRM 

/1/ wlim q8 (x) ~ q(x) = 0 /a cna6oM npeAene/, 

8~o 

/2/ lim <0 1 T(q8 (x) q8 (y)) [O>~G(x-y)-;, 0. 

8~o 

nocTpoeHHOe BHPTOHHOe none RBJ1ReTCR'XOPOWHM K8HAHA8TOM Ha POJ1b 

On\.IIC8H\.IIR HepO~Aa~~erOCR KeapKa. 3aMeTHM, 4TO AJ1R nocTpOeHHOrO 

BHpTOHa-KB8pKa He H8AO BBOA\.IITb HHKaKoro fJl~OHHOrO nonR. 

B3a\.IIMOAeillcTBHe 8AP0HHbtX hone!~!, HanpHMep Me30HHOrO rr(X) 

\.11 HYKJlOHHOfO N(~ , MO>+<HO onHC8Tb npH noM0~\.11 KB8pK-B\.IIpTOHHOro 

nOilR q(x) CileAY~HM o6pa3oM. nycTb narpaH>+<HSH 838\.IIMOAe~CTBHR 

38A8H: 

~I (x) ~g" rr(x) (q(x) y
5 

q(x)) +igN(N(x) q(x))(q•(x) y 5q(x)) +h.c. 

8 -8 8 - 8 c8 8 
.l\(x)=g.rr(q y5 q )+igN(Nq )(q y5q )+h.c. 

KaK noKa3aHo a 12 •31 , cy~ecTByeT npeAen 

8 
S = lim T exp l i J dx ~I (x) I. 

8~o 
3TOT npeAeil onpeAeJ1ReT KOHe4HY~ YHHTapHy~ .np\.114.\.IIHHY~ S -MaTpH

~y, KOTOpaR OnHCb188eT 838\.IIMOAe~CTB\.IIe Me>KAY Me3oHaMf,- J.1 HYKnO

H8MJ.1o BaaHMOAeillcTBHe onpeAeilReTCR o6MeHoM KBapK-BHpToHaM\.11 q(~ 

npH4eM BJ.1pTOHbl OTCYTCTBy~T KaK B HS48JlbHOM, TaK \.11 B KOHe4HOM 

COCTQRHJ.1RX. HHTerpa.nbt, COOTBeTCTBY~J.1e .nl06b1M A\11arpaMMaM ¢eVIH

M8Ha, XOpOWO CXOARTCR, nOCKOJ1bKY nponaraTOp KBapKa /1o4,5/ 

y6biB8eT B eBKnJ.1AOBOV! MeTPHKe. K8K raycCOBCKSR 3KCnOHeHT8 o 

HenoKa.nbH8fl MOAeJlb KBSpKOB, onJ.1cblea~~aR ¢\.113\.IIKY aAPOHOB 

H\.113K\.IIX 3HeprJ.1~, COCTO\.IIT B CileAy~eM. 

1 o C4HTaeTcR, 4TO o6bi4Hbte ¢J.13J.14eCKHe 4aCTJ.1~bl - aAPOHbl /Me-

30Hbl "" 6apHOHbl/ nOA4HHR~TCR cJ.1cTeMaTJ.1Ke rpynnbl SU(3), \11Me~T 

3KcnepJ.1MeHT811bHO Ha6.n~AaeMble MaCCbl \.11 OnJ.1CbiB810TCR CT8HA8PTHbiM\.II 
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KBaHTOBaHHbiMH no.nRMH, YAOB.neTBOpRIOUV1Mk1 06b1LlHbiM ypaaHeHHRM A~paKa, K.neHHa-foPAOHa"' T.A. 

2. KaaPKH a rpynne OOI-1CbiBaiOTCR OOilRMI-1 

u (x) 
a 

q (x): (qm (x)): a a 
d (x) 

a 

s (x) 
a 

rAe m(m: 1,2,3) ~ a (a: 1,2,3) - COOTBeTCTBeHHO SU(3) ~ ~ee-TOBOH HHAeKCbl. KaaHTosaHHble KsapKosble no.nR qm(x) RB.nRtOTCR BYIPTOHHbiMH nOilRMH, TaK LlTO AflR CB060AHOro non~ qm (X) ::=. 0, a a nponaraTop KBapKoaoro nonR paaeH 

" 1 "' L 2 qm(O)qm,(p):8 ,8 , -exp{lp +-p2 lo /1.7/ a a mm aa L 4 

Mbl c~r.1TaeM, LlTO napaMeTpbl L H g = 4!- AflR scex Tpex KBa_pKos OAHHaKoBbl. !13 aHaJ1H3a 3KcnepYIMeHTa.nbHbiX ,QaHHbtX 6bl110 no11y4eHO 121 

-I L :3,12 ras 1 
320 MaS 

~: 1,45 0 /1 oBI 

3. npe,QnonaraeTCR, LlTO a,QPOHbl MoryT B3aHMO,Qei1CTBOBaTb APY1 c APYrOM He HenocpeACTBeHHo, a nyTeM o6MeHa KsapKaMH. flarpaH)f{t.1aHbt B3aHMO,qeC1cTBIIIR Bbl6epeM B npOCTei:1weH ct>opMe 6ea OPOJ.13BO,QHbiX. 3TO $aKTI44eCKIII 03HaLlaeT, LlTO KBapKH 8 Hepe!lRTIIIBY'ICTCKOM npeAe.ne HaXOARTCR B COCTORHHRX C HaiiiMeHbWHM Op6HTanbHbiM MOMeHTOM. Hanpl-1Mep, B3alo1MOAei1cTBYie OKTeTa nceBAOCKai1RPHbiX Me30HOB C KBapKaMH QOHCbiSaeTCR narpaH)f{HaHOM B3at.1MOAei1cTBHR BHAa 

1 . - i £
1 : ig p--=.¢ 1 (x) (q(x) y

5 A q(x)) 
y'2 /1.9/ 

311eKTpOMarHHTHOe no.ne BBOAHTCR CTaH,QapTHbiM o6pa30M, a c.na-6oe .nenTOHHoe. saaHMOAeHcTBHe- cor.nacHo TeopHH Ka6H66ol21. 
4. npe,QnonaraeTCR, LlTO a,QpOHbl RBJ1RIOTCR CBR3aHHbiMH COCTORHHRMH KBapKOB. 3TO npe,QnOilO)f{eHHe 3KBJ.1BaJ1eHTHO Tpe6oBaHHIO, 4TO KOHCTaHTa Zh nepeHOpMHpo8KH BOilHOBOi:1 $YHK~HH aApoHa pasHa HY1110 141 : 

/1 0 10/ 
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TaKHM o6paaoM, CHJlbHble saaHMOAe?1cTBHA onpeAenAIOTCA ABYMA napa

MeTpaMH, L H ~' a KOHCT8HTbl CBA3J.1 gh onpeAe!1AIOTCA lrl3 yCI10BiriA 

CBR3HOCT~ /1.10/. 

5. 0K838!10Cb, 4TO 3¢¢eKTiriBHble KOHCTaHTbl pa3JlO)I(eHir!A B cny4ae 

CJ.1!1bHb1X B38HMOAe~CTBirlill Tlrlna /1.9/ MeHbWe eAiriHH~bl /2,5/, T.e. 

AJlA paC4eTOB MO)I(HQ nOI1b30B8TbCA MeTOA8Ml-1 TeOplrllrl B03My~eHHH. 

no3TOMY Bb141r1CileHir!e M8Tplri4Hb1X 3IleMeHTOB p83Illri4HbiX npOI..leCCOB 

npeACT8BilAeT co6oil! paC4eT COOTBeTCTBY~IriX AlrlarpaMM $eHHM8H8 

C nponaraTOPOM KB8PKa /1.7/. 
B CI1y4ae B381r!MOAeHCTBiriA /1.9/ 3¢¢eKTHBHaA KOHCTaHTa paano

*eHiriA OKaaanacb pasHoH 

>. ~ (.!JL.) 
2 ~0.13. 

4rr 
/1.11/ 

B nocTpoeHHO~ cxeMe np~t~ npocTeil!weM BbJ6ope narpaH}I(IrlaHOB 

eaaHMOAeillcTBiriA 6b!Ill-1 Bb141r!CneHbl xapaKTep~r~cT~r~KH PAAa pacnaAoB 

nce~OCK8IlAPHbiX H BeKTOpHbiX Me30HOB, OKTeTa H AeKanneTa 6apvm

HOB 
51

• PeaynbTaTbl Bbi4HcneHHH np~t~BeAeHbl Ha p~r~c. 1. C.neAyeT noA-

4epKHYTb, 4TO see AaHH~e onpeAeilAIOTCA TOilbKO ABYMA Heaas~t~cH-

MbiMH napaMeTpaMH, L a..t ;. B!-1AHO, 4TO peayilbT8Tbl HaXOAATCA s YAOB-

neTBOPHTeilbHOM cor.nacH!-1 c 3Kcnep~t~MeHTOM. TaKHM o6pasoM, HMK, 

npeAcTasnA~aA co6oH caMocornacosaHHYIO cxeMy penATHBHCTCKOro 

MeWKa, CnOC06Ha C eAHHO~ T04KH apeHHA onHCbiB8Tb 8ApOHHyiO ¢H3H

Ky HH3KHX 3HeprHH. 

0AH8KO npOCTe~WHJ71 narpaH}I(H8H /1.9/ y4HTbiBaeT IlHWb KB8HT0Bble 

4HCJ1a 8AP0Ha It! He Y4HTb!BaeT npH6J11.1}1{eHHy10 KlriP8IlbHYIO HHBapHaHT-

HOCTb 8AP0HHOi:1 $H31r!KH HH3KHX. 3HeprHJ71 /B-8/. 8 48CTHOCT!rl, npH 

T~KO~ Bb160pe narpaH}I(H8Ha OTHOWeHHe AilHH BOilH ""-pacceAHHA 

a ~/a~= 5/2, 4TO npoTHsope4HT 3KcnepHMeHTailbHbiM AaHHbiM 

r•81•t ~-<2+3JJ 191 

B A8HHOJ71 pa6oTe CAenaHa nonbiTKa y4ecTb K~r~panbHYIO HHBap~t~aHT

HOCTb 8 P8MKax a -MOAeill-1, Mbl BBeilH HOHeT rHnoTeTir!4eCKHX HeHa6nJO

AaeMb1X a -4aCTHU,, TaK 4TO OK838Il0Cb B03MO)I(Hb1M OnHC8Tb AilHHbl 

sonH mr- H K" -pacceAH~r~A. npH 3TOM paHee nony4eHHble peaynb

TaTbl OCTaiOTCA 6e3 H3MeHeHHJ71, 

KpoMe Taro, on1-1caHHe HenenTOHHoro cna6oro pacnaAa K ...... 3" 

HenocpeACTSeHHO CBA38HO C npaBHilbHbiM y4eTOM 1717 -pacCeAHHA, 

no3TOMY a -4aCTY1L .. bl TaK}I(e ~ttrpaiOT Cy~eCTBeHHylO pOJ1b nplrl On!-1Ca

HHH HenenTOHHbiX pacnaAOB KaOHOB, 3TH pacnaAbl HHTepeCHbl npe}I(Ae 

scero TeM, 4To HX H3y4eHHe noasonAeT rny6*e noHATb cTpyKTYPY 

HenenTOHHOfO cna6oro B38HMOAe?1CTBHA, a T8K}I(e era B3aHMOCBA3b 

C CHilbHbiM B3aHMOAei:1cTBir!eM /3TO OTHOCHTCA npe>I<Ae scero K y4eTy 

1m- K" -pacceAHHA npH on~t~caHHH pacnaAa K-+ 3" I. KpoMe 

Taro, 3KcnepHMeHTanbHb1e AaHHble caHAeTenbCTBYIOT o cnpaaeAn~ttsocTH 
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X r p-rrrr 
)( r c.J-31! 

X r fl .. ·-pn+ 
)( )lp l B-8'( 

X fJn 
X 9w 

)( 'Ztr rr-- rr- '( 
)( p* fl. -p t 

X r no- tO 
)( r jl0

- e+e-
X r w-rrt 

X r ~-rr•rr-t 
)( r ~'-fo 

X r rr-p 
)( "+ K- Tr0 ell 

)( ~=G./Gv }s-Be)l 
)( d._; D/(F + Dl 

-0.3 0 0.3 Otheor 1-
Oexper 

P11c. 1. PeaynbTSTbJ pac4eroe xapar<repYICTJ.1K pacna,qoe ~08 8 HeJlOI<SJlbHOH MO,QMH KBSpKOB /5/, 

npaev111a 6.Tel/2 a HenenTOHHblX pacna,Qax. 3roi1 npo6neMe nocB~I.I.IeHO ,QOBOJlbHO MHOro pa60T ll0·15/, 8 KOTOPbiX npeAJlaraiOTCR pa3Jll.-14-Hble eapHaHTbr nony4eHYIR aroro npae1t1na, O.QHar<o o6ocHoBaHHOro o6bRCH€HYIR eMy ,QO CYIX nap HeT, 
O,qHH V1_3 o6utenpYIHRTbiX cnoco6oa nony4eHI-1.R npaeHna 6T = ~ COCTOYIT 8 npe,QnonomeHYIH, 4TO narpaHmYiaH HenenTOHHOro B3SHMO-
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Aei4CTBJ.<1.A npeo6paayeTC.A KaK WeCTSR KOMnOHeHT8 OKTeTa /lO/: 

I 1. 12/ 

rAe J ro - OKTeT CJ1B6b1X SAPOHHbiX TOKOB /B K!38PKOBbiX MOAeJl.AX 

r,_m 
Jm=qO -q I. TaKa.A eoaMO)f(HOCTb cooTBeTCTBYe.T eeeAeH\1110 HeliiT

r r 2 
paJlbHbiX: TOKOB. 

B u,eeTHblX KBSPKOBbiX MOAeJlRX Ill/ cy~ecTByeT APYrOI-1 OPio<1fl-f

HanbHbllil cnoco6 nony4eHIII~ ·npae....,na L\T ~ 1/2: 

11 . 13/ 

3AeCb a, b,C - U,BeTHble \IIHAeKCbl. 

B ABHHoH pa6oTe Mbl paccMaTp~t~eaeM o6e B03MO)f(HOCTf.<1. 

np...., CAeJlaHHbiX· npeAnOJ1Q)f(€H....,RX 6btJ1\II Bbi4\IICJ1eHbl W\llp....,Hbl CJleAyiO-

W,....,X pacnaAOB: K """ 211, K""" 311 , K""" yy , K-+ mry, a TBK)f(e 

napaMeTpbl HaKJ1oHa e pacnaAe K~?l1. 0Kaaanocb, 4TO eBeAeHHble 

a -48CTHU,bl, C nOMOU\.biO KOTOPbiX 6b111H onlo'1C8Hbl AJl....,Hbl BOJ1H 1111- \II 

K 11 -pacce.AHHR, (Heo6xoAHMbl "" AJlR on!IICSHio'IR ABHHbiX pacnaAOB. 

nony4eHHble 4HCJ1eHHble 3Ha4eHHR AnR AJlHH BOJlH, napaMeTpOB HBKJlO

HS lo'1 WHP\IIH pacnaAOB HSXOARTCR B XOpOWeM COr!lBC\11\11 C 3KCnepiiiMeH

TOM. np~4eM paan~4~e nOAXOAOB /1.12/ ~ /1.13/ npORBnReTCR nHWb 

s cny1..1ae pacnaAa K ~ yy. 0Ka3btBaeTCR, 4To narpaH)f(\.llaH /1.13/ 

np\.IIBOA\IIT K xopoweMy cornac1o<110 c 3Kcnepf.<1MeHTOM, a TO epeMR KaK 

narpaH)f(f.<18H I 1 . 12/ Tf.<1na ToK x TOK ABeT Ha nop.AAOK aaHf.<1)t(eHHb1H pe

aynbTaT. 

2. nArPAHlKWAH CWnbHOro B3AWMOAE~CTBWR 

npeAnOJlO)f(HM, 4TO nOMHMO ~lo'13\.114eCKHX 4SCTHU,-SAPOHOB, B38....,MO

AeHCTBy~f.<1X nocpeACTBOM KBapKOB-BHpTOHOB, cyw,eCTByiOT rHnOTe

TH4eCK\IIe a -48CT\IIU,bl. JlarpaH)f(HSH ·aaaHMOAei:1CTBH.A a -4aCTHU, 

C KBapKSMI-1 f.<1MeeT CTSHASPTHbl\.1 BHA: 

<> aqq gn( 2 0 - I - i ] 
'-I ~--<- ..j-a (q !q ) +a (q /.. q) • 

..[2 3 • • • • 
/2. 1/ 
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6y,qeM C4HT8Tb, 4TO 
1 I cr -4aCTHI..Ibl HeHa6J110AaeMM, nponaraTop HMeeT npocTet1w-HI1 BYI,Q: 

i • .• 8 i" a 1 (x)al(y) = __ J_8(x-y). 
im 2 /2.2/ 

a 
none cr-4acTH4 KBaHTYeTC~ T04HO TSK me, KaK H BHpTOHHOe, 2/ 1'Macca 11 rna onpe,qeJ1ReTCR H3 yCJ10BHR COKPSLt.leHHR 8KJ1S,QOB ,QHarpaMM, H306pa>KeHHbiX HS pYtc.2a J.1 6. EC!ll-1 C41o1TSTb, 4TO MSCCbJ scex a -4acnu.t o,qHHaKoabl, To HMeeM /TeXHHKa Bb14HcneH~-ttf a HMK onHcaHa a 12• 5/ I 

v 2 
(.;') = 1 • 

2 (m L) 2 4 
a 

3 

/2.3/ 
r,qe v 4 (g) - CTpyKTYPHbll1 HHTerpail I CM. npJ.1JlO}f(eHHe/. H3 YC!lOBHR /2.31 nony4aeM cne,qyiOUiee 3Ha"4eHJ.1e ,qn~ 11Maccbl 11 cr -4aCTHI.Ibl: 

tn, = 446 MaB. 

ij._ 

a/ 
5/ 

P~-tc.2. BaaHMOCoKpa~aiO~HeCR ,qHarpaMMbl /eM. ycnoaHe /2.3//. 

/2.4/ 

8 CJ.1.ny yC11081o1R /2. 3/ rJlaBHble1 BK!lSA B 7l7l -pacceRHHe ,qaeT AHarpaMMa, J.1306pa>KeHHaR HS pY1C, 3. noJlb3YRCb CTaH,qapTHbiM onpe,qeneHio1eM HHBSPio1SHTHO.:i aMnllH~ 7l7l- pacceRHHR !?!· 
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rm -paccef!HV1fl 

I I -
a - lim A 

1 
(s) , 

e-S-+t 

1 1 1 I -
--:(

8
::-_=-

1
--,)1, 2 -ldxf!, (x) A (s,x), 

- s - -
s ~ --, t ~-(s-l)x(l-x) /2, 

4m 2 

" 
A 0 ~ 3A(stu) + A(tsu) + A(uts) 

A 1 ~ A(tsu) - A(uts) , 

A2 ~A(tsu) + A(uts) , 

u ~-(;-1) x(1+x)/2, 

4\.1C.neHHble 3Ha4eHV1fl AJ1fl ,Q.n\.1H BO.nH np\.1Be,QeHbl B Ta6.n. 1, OTKy,Qa 

B~,QHO, 4TO OH\.1 XOPOWO cor.nacy~TCfl C 3KCnep\.1MeHTOM /9/, 

AHa.nor\.14HO Bbi4HC.nfi~TCfl AJlHHbl so.nH Krr -paccefiHHfl. CooTBeT-

CTBY10114He .QHarpaMMbl H306pa>KeHbl Ha pHc.4. CTaH.QapTHoe onpe,Qe.ne-

HHe HHBapHaHTHQ\4 aMn.nHTY ,Qbl Krr -paccefiHHfl c.ne,Qy~w,ee I 12/ 

+ . afJ -
T prafJ ~ll,p ll afJT + 1< trp r 1 T . 

(OOTBeTCTBeHHO HHBapHaHTHble aMnilV1Ty,Qbl C onpe,Qe.neHHblM H30CnHHOM 

V!Me~T BillA 

T 112
=T++2T-, 

T
312 

~ T+ -T- . 
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npouecc Ha61110AaeMa R 

Teop~R {N QM) eem14HHa 3KcnepJ.1MeHT 

ag [0.10 ·, 0.60 V91 
0.18 

TrTl-TTTl a2 
0 I- 0.10 ; -Q03 1 -O.Q9 

a1 
I {0.042 ·, 0 Qt. l o.ot.5 

Kn-K1r 
0~2 (-0.1 ·, 0 4(14-' 0.14 7 
a if !- 0.2·,o I - 0,074 

MIK~-rr•) A 5 

K"-p MaB 2.78 ·10-2 2.;39 ·10-2 
L 

M (K~- ~) 1.26 ·10-2 1.73 ·10'2 
M (K~- fl -1.9 . 10-2 1.65 ·10-2 

0 
K5~ rr .. rr- r , MaB (5.Q6!QQ3)10'12 4.9. 10-12 3.5 ·10-12 

0 Kc:- n•rr• r, MaB I2.32!0.02HU12 2.4 . 10-12 1.8 ·10·12 
K •- rr•rr• r, MaB (1.13 !QQ1 )10-14 0 0 
K" -rr•1nz" 

r, MaB {157.!0.03)10-15 1.1·10'15 0. 9 ·10-15 
L 

6 •.• -(033 !0.7) -0.1.8 - 0.1.8 0 KL- 3rr" r, MaB (2.73~011)10-15 2.0410- 15 1.5 ·10·15 

K•-TT•rr•u 
r, MaB 12.97 :o.o2 no-15 1.8·10·15 l3 ·10·15 
6++- 0.11!: 0.02 0.24 0.24 

K•-rr•rrorro 
r, MaB (0.92!0.02)10-15 0.6 ·10'15 0.4 ·10-15 

G+oo -(028!0.01) -0.48 -0 .1.8 
K~-n· r, M38 (6.22!0.64)10-18 072 ·10-18 10 ·10-18 
K" -rr•rr-t L r, MaB (7.62!254)10-19 3.1 ·10'19 13 ·10=19 
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K 
K 

a/ 
6/ 

P14c.4 • .l\HarpaMMbl, om1CbtBaJO~t-1e Krr -pacceAHHe. 

Bbt4~~tc.m:ut AJU1Hbl eonH pacceAHIIIA no ¢opMyne 

1 1 
a!~ £ fdxP1(x)T1 (s,t)\ 2 

16rrk2 {S -1 s=(mK+m") 

k2 =0. 

ffirr 
14=--. 

mK 
4lt1cneHHbte 3Ha4eHIIIA Af11-1H eonH np!-1BeAeHbl e Ta6n. 1. BvtAHO, 4To 

HMeeTCA xopowee cornacHe c 3KcnepV!MeHTOM/12 . 

CneAyeT oco6o nOA4epKHyT b, "'TO a - 4acntL.\bt He AOAYT BKJlaAa 

B TSKI-'Ie OCHOBHble pacnaAbl, KSK p-+ rm , w ~ 3rr, P8AVI8~ltiOHHble, nony

nenTOHHble_ pacnaAbl seKTOPHbiX "" nceBAocKanflpHbtX Me3oHoa 12·51• 0A

HaKo eBeAeHHe a -4acnw, oKa}l(eT B.n14RHII!e Ha onll!caHllle HenenToHHbtX 

pacnaAOB KSOHOB H, npe}I(Ae Bcero, H8 BeJ114414Hy napaMeTpa HBKilOHa 

s pacnaAe K ... 3rr. 

3. CJ1A6biE HEJlEnTOHHbiE B3AHMOAEIICTBHH 

B HenoKa.nbHoH MOAem.., KsapKOB npH nocTpoeH·Io'I_VI na.rpaH:l!UriSHOB 

c 6.T=l/2, HMeKJUtHx BHA 4eTblpexKeapKoaoro · ripoH3BeAeHHR /1 . 12/ 

J.ll /1 o 13/, MO>t<HO HCnOJ1b30BaTb JlOKaJlbHble CI1a6ble KeapKOBble To-

KJ.II 12 •51 
o 0AHaKO HCn011b30BaHHe JlOKallb\"lbiX TOKOB npHBOAHT K o6bl4-



H~M DOKanbH~M ynbTPa$~oneTOB~M paCXOA~MOCTRM yme 8 H~3W~X noPRAKaX Teop~~ 803MylqeHVII/r, no3TOMY Heo6XOA11Mbl cne1411anbHble yCHnHR, 4T06bl Vl36emaTb VIX /5/, 
8 HenoKanbHOH MOAen~ KeapKOB cy~qecTByeT B03MO~HOCTb VICnOnb-30BaTb aeKTOpbl: 

m - 1 m I = q -A 0 q • Jl a2 P.,a /3.1/ 
n~6oe npOV13BeAeH~e 3TVIX BeKTOPOB npHBOAHT K KOHe4HOMY peaynbTaTy B PRAY TeopH~ B03My~qeHHH, 

TaKHM o6paaoM, 6yAeM paccMaTpHeaTb cneAY~He ABa sapHaHTa narpaHmHaHQB B3aHMOAeHCTBHR, 06ecne4VtBa~lqHX BblnOnHeHHe npaBHna ~T = 112: 

"'~T=I/2 
"-I = 

G [ -- (q 0 ..;2 a ~ 

+ h.c.J£ abc£ a'b'c (6- aapHaHT). 

nepexOA K ~ P 

/3.2/ 

/3.3/ 

8~4HCDHM MaTpH4HbiH aneMeHT nepeXOAa KL .. p (P =7T0 ,71,7J'), narpaHmVtaH cV~nbHOro aaaV~MOAeHcTaHR KL-,P -MeaoHOB c KBapKaMH aanHcbiBaeTCR /1.9/ a BHAe 

12 

A~ =cosO A 
8

- v ~ sinO!, 

A~ = sin0A
8 +vi- cosO!, 

/3.4/ 

/3.5/ 

/3.6/ 



' 

P1-1c 0 50 A1-1arpaMMbl, onlt1cbiBaiOU\It1e 

KP -nepeXOAo 

nocne Bbl"''ltlcneH~t~l-1 nony4aeM cneAyiOU,\ee BbiPa>KeH~t~e AJlR HHBap~t~aHTHoH 

aMn11HTYAbl: 

M A (Kl, ~ P) 

A 1 5y2 
c ~ -=-(cos e + ---sin 0), 
~ y3 7 

C~-~ 1 (sinO- ~cosO), 
y3 7 

1 Cm2, 3Vi a 
~--A----C 

L 2 v2 2rr 2 P 

~ 1 (cos0-{2sin0), 
y3 

6 1 -
c~, ~~(sin0+y2 coo e). 

y3 

np~t~ Bbi41-1CfleHHAX ~t~Cn011b3Ye'TCR 3Ha4eHHe yrna 7]-1} '-cMeWHB?HV1A 

61=-11°, n011y4aiOU,\erOCA 1-13 MaCCOBbiX KBBAPaTV14HbiX ¢K>pMyn /l4/o l-13 

Ta6no 1 BHAHO, \.ITO aap~t~aHTbl A 1-1 5 Mane .pa311H4aiOTCA B C11y4ae 

K_,.rro ~· nepeXOAB H HMeeTCA AOB011bHO Cyli\eC"r.SeHHOe OT11H41-1e AflR 

nepexoAOB KL~7J,7J~ TaKoe OT11H4He Clt1nbHO cKa>KeTCR npH onHcaHI-11-1 

pa cnaAa K0
L ~ yy. 

~3 



K' s 

nocne B~~HClleHH~ HMeeM 

f 67 c = ~ 
A- aapHaHT, 

6- sapHaHT. 

K' s 

P~c.6. ~arpaMM~, onHc~aa~
~~e K--.2"-pacnaA. 

T .e. s .QBHHOM cny1.1ae A- H 6- eapHaHTbl Mano oTJm4aiOTCR ,qpyr OT APYra. 
WHPHHa pacnaAa pasHa 

r<K 0 ~rr+rr-) =-1-g jM(K 0 ~ rr+rr-)j 2 
S 16rrmK rn k S 

KaK BHAHO H3 Ta6n.1, 4HClleHHOe 3~84eHHe WHPHHbl XOPOWO cornacyeTCR c 3KcnepHMeHT811bHbiM"" A8HHbiMH. PacnaA K + _."+"o aanpellleH, nocKonbKy /eM. /3.2/ H /3.3// npasHno t.T~ t BblnonHReTC.R T04HO. 

PacnaA K-+ 3rr 

n.. Ko + - o 6 ~arpaMMW, onHCbiBa~He p~cnaA L-+" "", H3o pa~eH~ Ha PHC.7. HHBapHa~THYIO aMnnHTYAY YA06HO npeACT8BHTb B BHAe: 
M(Ko ~"+"-"o)~..Q.._mK2.3C-12lM . L v2 . j 3AeCb CYMMHpOB8HHe npoBOAHTC.RJno BKI18A8M Bcex B03MO*Hb1X AHBrpaMM /CM. PHC.7/. 8blpameHHe AflR BKn8A8 Kam.QO~ OTAenbHOH AH8r-

14 



(I.) 

1l 

n 
1f 

(8) 

.!$.(111 

~~ 

P1o1c. 7. ,QJ.~~arpaMMbJ, On&.1Cb1Ba!OI.qlo1e K ~3rr -pacna,Q. 

M;=ai -biy, 

rAe y = (s3
..:.s0) /m; , s m =(k.;> )2 , k - HMnynbc K -Me30Ha, p m -

HMnynbc m-ro nJ.~~OH?, s 0=mf+ fmi_. 41!1CJleHHble aHa4eH~-tR aj, bj 

nplr1BeAeHbl B T86J1, 2, 8 3TOi:1 Ta6ml\~e BBeAeHbl o603Ha4eHHf'i :. h f = 

8 4 .\ J! 
=(g) /(mrL J' f=a,p,K*. 

~cnonb3YR CTaHAaPTHY~ napaMeTPHaa~H~ aMnnHTY~ pacnaAa K~rr17 ~ 

M(K~3•)=aL~31T [1-aK~,.,y], 

nony4aeM 

a +-0 
G 2 2" 

=--m -3C.\ """a 
v2 K j j' 

15 



Ta611H4a 2 

No M ~a-b-y a b 

1 1 2 2 
1,88 0,208 

-V V [ --~ y] 3 2 4 3 

2 ! v 2 v 4 [ ! (1 + 3 ~ 2) -~2y l 0,575 0,208 

3 (.!..)" v 2 2 
3 3 ~ y 0 -0,411 

4 3 [ 4 3 3 2 16 
-3,71 0,118 

--h V V (-) V -V --p (-V -V )y] a 4a253 362 2736 

5 3 16 --h V V [.:::,.(1+3,fl)V -V -3a2527 3 6 
0,361 0,0592 a 

3 2( 16 --~ -V -V )y] 2 27 3 6 

6 
3 16 2) 3) --h V2 V 5 [--(1-9~ V3 +(1-3~ v 6 -16 . a 27 

'-0,385 0,0592 . ·a 2 16 -3~ (2'fV3-V 6)y] 

4 
p -2h .v v v -~2y p 2 3 5 0 0,176 

5 -h . v v v •p2y 0 0,0879 p p 2 3 5 

6 hK*' v2 v3 v5 [! (1-p2l -~2yl 0,279 0,0665 K* 

7 16 y2 2 ahP·V7 3'1-' y 0 -0,272 

8 16 v v 2 2 
0 -0,206 

-b .,. 7 3 -~ y 3 K 

9 2y2A 2 -8hP-v2 3 ~ y 0 0,531 

10 4h .v2 v 2 A 4 y K* 2 3 Jl 0 -0,015 
11 (1L)4h h .y2y2.1-'2Y 0 -0,135 2 P K* 3 7 

16 



No 

1 

2 

3 

4 

5 

6 

gj (,;) 

32 
-[V (7V -2V )+2V · Kpvl 
27 2 8 9 3 

9 3 4 
hp .8 [ 4V2 V 3 V10 +(4 ) V 2 V4 KPV-2V 3V7 KPJ 

9 1 3 4 
hk*8[ 2vs v7 ~v- 3(4) v2 v4 Kpv 1 

VaKpv 

VI 

(:)
7 

hK* hp V: [V 3 +27KPV] 

m2 
] ~ C B K 

0 , p 2 2 
P=rr ,rJ•1J rn -m 

p K 

gj (1,4) 

30,7 

8,81 

8,84 

Np - 21,8 

2,86 

- 5,38 

XapaKTepJ.IIcn1K\II APYr1o1x MOA pacnaAa K-+3rr cBR38Hbl c a+-O "' a +-O 

COOTHOWeHHAM\11 /7/: 

a++-= V2a+-O , 

1 
a+OO = V 2 a+-0 

a+OO =-2a++- =O+-O 

W111Pt.1Ha pacnaAa K....,.3rr 
3m 11 2 

r(K~3")=mK(1---) 
mK 

Bbi4HCflReTCA no npJ.116JlJ.II~eHHOH $OpMyne 

I•K~s"l 2 

27"2.(y3)3 

4-YICIJeHHble 3H84eHHA AllR WYipHHbl pacn8A8 H napaMeTpa H8KJlOH8 np~~t

BeAeHbl B Ta6.n. 1, B~rtAHO, LITO OHJ.II H8XOAATCA B YA0BlleTBOPI.-1TeJ1bHOM 

cornacJ.IIH c 3KCnepJ.~~MeHTOM 1 1 31• PeaynbT8Tbl AJlfl A- 111 6-aaplo1aHToa 

npaKTH4eCKH He OT1l\1148~TCA. 

17 



CneAyeT OTMeTMTb, 4TO OCHOBHOH BKnaA B eenH4HHY napaMeTpa 
HaKnoHa A a lOT AYlarpaMMbl pHc. 7 /9, 10, 11 I, KbTOpble onpeAenRIOTCR 
KBapKOBbiMH 6J1oKaMI<1, onHCbiBaiOut1<1MH mr- H K11 -paCC€RHH'e, 

PacnaA Kf ~ yy 

a( 6/ 

Pr.1c.8. llHarpaMMbr, onHcbreaiOutHe K-t2y -pacnaA. 

rAe ! i, Q i - BeKTOp nOI1RPI-138l\1<1H 1-1 4eTblpeXHMnyJ1bC i - rQ ¢OTO
Ha COOT8€TCTBeHHO, 

0Ka3biBaeTCR, 4TO KOHTaKTHbl€ AH8 rpaMMbl PHC, 8a A a lOT cpaBHH
T€nbHO MallbiL1 BKnaA; 

g (a) 
K~yy 

OcHoBHoH eKnaA AaiOT peaoHaHCHbre Al-1arpaMMbr pHc.86: 

g . ·· ~Lv-A-d 
~~yy , 21TE p 

d 0 ~ i rr • 

18 

/A/ 

/6/ 

/A/ 

/6/ 



1 -
~-=-(cosO- 2y2 sinO), 

y3 d~ 

1 -
d ,~ --=(2y2cos0 +sinO) 
~ y3 

r(K ~ yy) ~ .!_ rra2rnK3 gK2 
4 -+}'}' 

LI!-1CI1eHHOe 3H84eHI-1e WV!pHHbl npV!BeAeHo B Ta6n, 1, nocKOilbKY OCHOB

HOLii BKJ18A ASIOT pe30H8HCHble AHarpaMMbl PJ.1C,86, TO, KSK 1-1 c.neAO

B8I10 O>KIIIASTb, pe3yJ1bTST 3881-1Cl-1T OT Bb160pa J1arpaH>IU,18H8 HeJlen

TOHHOrO eaaHMOAei1cTBI-1fl I A- 1-1 6 -eapHSHTbl/. B c.ny4ae A -sap~~taH

Ta pe3YI1bT8T 38HVI>KeH npVIMepHO HS nopRAOK no cpaeHeH!-110 C 3KCne

pHM€HTOM, 8 TO speMA KSK 6-sap!-18HT np\.1BOAI-1T K xopoweMY corna-

0110 C HHM, 

CooTBeTCTBYKlll.IVIe AHarpaMMbl 111ao6pa)l(eHbl Ha p~;~c. 9. HHeap~t~aHT

Hafl aMniH1TYA8 aan~t~CbiBaeTCfl B B:.1Ae 

+) p.va{:J 
M(K~. -~o n "-y = e g K -+mry { p.va{J € q p- p +' 

- nOI1RpJ.I138L.I\o1fl lo1 lo1MnynbC ¢JOTOH8, p_,p + - lo1Mny.nbCbl 

312 GL 
g ~A -~g. (f). 

K-+rmy " j J 

Bblpa)l(eH"R AilR gi U;l 
BeeAeHbl o6oaHa4eHio1A! 

!
N 0 ~1, " . 

N: N ~ 1=(cose-v2sinel, 
p ~ y3 

1 -
N ,~--'=:{sinO+ y'2cose). 
~ y3 

r~arnK_J_(ff)11 lrnK3gK 12' 
96 71 2 3 -+mry 

4rn 2 312 -----

(h 1- --"-· J J dtt~ 3-2t) v 3 - 21 "0,52. 
rn 2 ' o 2(2-t) 

K 
19 



1 I 

21 

Ko ~ *• 
~--·[==<!:..: +=<XC1-: 

0 J • 41 

~ 
51 

51 
P11c.9. ,llHarpaMMbr, onlo1Cb1Ba10U.tl-1e K-+ ""Y -pacnaA. 

20 



KaK 81r1AHO lrl3 Ta6.n. 1, 4HcneHHOe 3Ha4eH~r~e w~r~p~r~Hbt pacnaAa Haxo

AiriTCR a xopoweM cor.nac~r~~r~ c 3Kcnep~r~MeHTOM. 

Pac4eT~ 8 cny4ae A-8ap~r~aHTa Aa~T, KaK ~r~ Afl.A wHp~r~H~, sa

Hiri>KeHHbti11 pesynbTaT /eM. Ta6n. 1/. 
TaKYIM o6pasoM, no.ny4eHHbte pesynbTaTbt 8 cny4ae sap~r~aHTa 5 

H8XOARTCR B YAOB.fl8TBOPiriTe.flbHOM cor.naclrllrl C 3KCnep!riM€HT8flbH~Mirl 

AaHHbiMH. JlarpaH)I{Iri8H /3,3/ MO>KHO npeACT88HTb HeCKO.flbKO B HHOM 

BlriAe, ec.nlrl BBeCTirl B ~B8TOBOM TpeXM€PHOM npOCTpaHCTB€ MaTpH~~ 

Ail" cKanApa I, aeKTopa s. ~ TeHaopa T .. ~-1-(s.s.+s.s.-.!..a .. ): 
l lJ,/2lJJiglJ 

.,~T~l/2 G \2 (- Al -i/.2 
J..I ~- -qO ---,--q)(qO~ 

...;2 3 ~ 2 

1 - A
1-iA

2 
q)(qO~ 

A4 +iA 5 
s jq) --(qO~Si -

2 2 2 

1 c A 1-iA2 
q)(iiO~ 

A4+iA5 
Tii q)+h.c.!. -- qO T .. 

2 IJ. IJ 2 2 

no.ny4eHHOe npeACT8B.fl8HYI8 fOBOPYIT 0 TOM, LITO 8 .narpaH>Kiri8H cnaJ 

6oro ssa~r~MOAeliicT81r1R, -o6ecneL~~r~sa~utero BblnOilHeH~r~e npas~r~na ~T=l/2, 

BXOAftT He TOilbKO ~B8TOBbte ClriHr.neTHbl€ TOK!rl, HO 1r1 ~B€TOBOi11 aeKTOP 

1r1 TeHsop. HHTepnpeTa~~r~R TaKoro asa~r~MoAe~cTa~r~R s AYXe Kan~r~6po

B04H~x Teop~r~i11 TY!na MOA€.fllrl 8ai11H6epra-Ca.naMa C Heo6xOAiriMOCTbm 

Tpe6yeT BB€A€HVIR U,B8THbiX BeKTOpH~X 6030H08, OTB8l.laiOUJ,14X 38 C.na-

6oe KBapK-KBBPKOBOe B3aHMOAeHCTBHe. 

B 3aKJ1104eHirle 8btpa>KaeM 6.naroAaPHOCTb c. 6. repaCHMOBY Ill A. 6. ro

BOpKOBY 3a no.ne3Hbte o6Cy}I(A€HIIIR. 

nPHnOlKEHHE 

Pacl.leTbt MaTpM4HbiX 3.neMeHTOB npoBOAHJ1HCb a nepsoM HeHCLie3aiO-

uteM nop.AAKe no napaMeTpy p. = mL/2, rAe m - Macca aAPOHa. 

BcTpel..laiOil.l!rlecJ-1 t-1HTerpanbt RBI1J110TCR t-1HTerpa.naM~r~ OT npo~r~3BeAeH~t~R 

¢YHKU,Hiii BI'IAa 

B(m)~Lt 
dum 

sin g,fi}e -u I 
yu 

(rn~0.1,2, ... ) 

H MoryT 6b1Tb Bblpa>KeHbl 4epe3 CI18AYIOW.I-1€ $yHKU,Irllrl: 

21 



P"c.10. rpa~"K" ~YHK4"" 
en (g) " sn (() (n~0.1,2). 

npHBeAeM .RBHblill 81-iA HeKOTOPbiX CTPYKTYPHblX l-1HTerpanoa: 

v1 c 1.4) ~ 1,76. 

22 



2. lim 
/5-.o 

v2 ( 1.4) = 2,41. 

c27~ 212 l3 I; 
V3(,) =r fduu[A B +-uA B'+ -uB ] =/;8 2(-=), 

0 2 2 y3 

v
3 

(1.4) =0,998. 

4. 

= t;[1 +38 1 (t;ll, v
4

( 1,4) =3,53. 

5. 
d4k 1 0 ' ' 0' ' 0 ' 

lim f -- - 8p IG (k- r ) y G (k +< ) y G (k) 0 l = 

o~o (2rr)4i 4 1 ~ 3 5 a 

23 



V6 (f)~12 /duu2B3 ~~1S ( ~ )-S
1
(yaf)l; 

0 1 y3 

v 6 ( 1,4) ~ 0,989. 

d4 k 1 8 ' 8 ' ' v 7 ( ~) lim f--
4--

4 
SpiG (k)y G (k+r)O l~g --8~o (2") i ~ a ~a 4"2 L 2 

7. 

~ 1 3 1 -v7 Cf)~4 /duu[A + 2 uB 2
] ~4 +4 c 1 (V2~), V7 (1,4) ~0,62. 

8. 
d 4 k ~ j 1 8 ' 8' ' lim f ~ (-) A

1
. (8)-.SpiS. (k) y S. (k+r 3) y x 8 ~o (2" )4 ; i ~ 1 4 1 v J s 

8, , , 8, , L2 V8 W {3 x G (k+r1 +r3 )y 5 G (k+p) 0 lp ~ --· - , f3·'" r r Y, If. J.L 54i712 va Y 

V8 (~) ~ .KZ_ fduu BI-AA '+Lu[(A ') 2 +U(B ') 211 , 4 0 2 
v 8 ( 1 ,4) ~ 1,48 . 

9 1. f d
4 

k ;' C ) i 1 I 8 • 8 • • ) . 1m 
4 . '"' - Aj -Sp G (k) y 5S (k+r2 Yv x 8 ~ 0 (2") i F 1 4 

24 

8''' 8'' . x Sj(k +r 2 +r3 )y 5 G (k+p)O~Ip~ ~ 

- L2V9(~) a f3 y 
-----:-- trva{3yrlr2r3' p = r1+r2+r3. 5417 21 

V
9 

W ~-E._ tduuBIA '(2A + uA ') + uB'(B +uB')I, 
4 0 

v 9 (1,4) ~ 0,678 . 



11. 

""' 2 1 -
V 10 C<fl~2 fduA (u) ~-[1 +C 0 Cv20]; v 10 (1,4) ~0,466. 

0 2 

d 4k ~ i 1 a. a •• a-·· 
lim J-- ~ (-)A. -Sp\S. (k) Y, S.(k+r 1)yvG (k+r1+r2 )y5! ~ 

a~o (2rr)\ j~l J 4 J r J 

~-i•ravllr1rfhKpvCO' 
2 rr 

~ - -
K P J<fl ~-8 J du u A 'B ~ n 1 + 28 1 ( y2 ~)- C0 (y 2 <f)] , 

0 

~v(1,4) ~ 2,16. 
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