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I. BBe,ueIme 

06menpH3HaHHHM immIeTCR: MHeHHe o TOM, trro B HaH60JIee npoCTOM Ba

pmaHTe PeHHTHBHCTCKDtt COCTaBHOÜ MOnenE xopomea annpoKo~eR nDnReT

os npencraaneaae Me30Ha KaIt CBJI3aHHOro COCTOmm.R: ItBapItEl 11 8RTHKBap

za, TaI<oe rrpenCTaBJIeHHe ycnenao peaJm3yeTcH, B 'tJSCTHOCTR, npa OImC8

mm llI?OU8CCOB pacnanos Me30HOB. MaTpWIHHe aJIeMeHTH Ta.KWC nponeccon 
B 06meM CHY~ae BUpamaIDTCH ~epe3 BOHHOBUe ~HKUHH (B.~.) CBH3BHHOro 

COCTo.mmJl (KBapKa H aRTIUmapHa), KOTOpUe H:BJI.mOTCR pemeHRKMH ,IJ;HHaJ.m-

~ecKHX1paBHe1llI~ B KBaHTOBOtt TeOpKR nOXH (Yp8BHeHHe EeTe-ConnHTepa, 

!0r,yHOB8 - TaBXe~3e H ~p.). 

Ha pHC. I asocpaaeaa cxeaa pacnana 3r .. r J oea JIerrTOHHOH 

~aCTH. 

p k 
~rrr5 

,p-k 
PHc. I 

CoOTBeTCTBYIDmH~ MaTP~ aJI8M8HT HMeeT CHe~~ BHn: 

-,. •....". • i~ f ... ) G- 9 CT\J'l1'1 (iJi' ..... .f"" :- :t .r	 (L I)a 'll' ." 

te.P - nOJIllllH: mrnyJIl>C 9j" -aesoaa, G - KOHCTaHT8 C11a60I'O B381IMO
'i~

~( 
I., 

.lt:tCTBHH. " 

TIOJIarM, xro fi -MeaOH HMeeT onpenenenayn KBapKDBym CTPY!wyPY, IDI

~PMaIJ;IDl o ItOTOpoi! conepsorroa B B .<11. 'f' Ck j P) , 38BlIcmnelt OT KMIIYJI1r
~(~., 
• ~ ,J ca KB8pRa H nOJIHOI'O HMITYJIl>ca 11 -MeSOH8, MaT~ aneMeHT (L I) M~JK

1\ HO aanacarr, B CJIe.I(yKlUeM aane : 
'~ 

f. ... G lcd'lk f 6",6'.2 *14 ~\	 M ( $"" + r" ):::. .r7 n e G-~' T't Y ("k)·.P) ~ A f k r-k 
iI," , ~ I	 Yi 9.'ifJ' (ftk~ ~ (1.2)
~ 

~ . ~,g~ ~ 

.,i rne rt e = 3 - xacno "nsaroa", 8 B.IfJ. "0/ (k j P) , Sa;ItaHH8H B npocr
paHCTBe mmeKCOB 61 , e, - npoeRIlHli cnzaoa RBapKOB C HMIIYJIDc&m 

k H J? - ~ ,COOTBeTCTBeHHO, H8 OCl> Z ,H306paJteHa aa IEC. 2. 

-lf ARcHaJIl>lIIDi TOK A::«« ( k~p-k) ltI)J!tHO miTeprrpeTHpoBaT:b KaK "aMIJJIH

TJl!Y" nepexo;n:a naps KB8PK-aHTHKBapK B axCHaJIl>HYJO BepnHHy rr r5' : 

lf;\'<"J,. 
2 

k 6'1 

~b'
 
PHC. 2 

A:II5p. (k)p-k)= U t1 1 (~) rf (1-84 (5) Ü6'" (P - k ) :I (1.3) 

r~e -oesp~3MepHafI axcaansxaa rCOIICTaH'1'8. ,...,.gA . 

s.e. '1:'0'1 :1(k).P)CBJISaHa co	 CKaJIJIpHoi1l,IaCT~1O '1'.s(~jP)c no
MOmblO	 CJIe~YlOmeti CllHHopHoti CTPYKTYPH: 

- Õ~ h)
'1!61~~( k;1?)= 1i õ Yk)r 5 ps Ck; .P) ú (p- . (1.4) 

B <PoPMYJIax (r. 3) H (r. 4) 11, ( k) li lT (p -k) - cacnanopu KBapRB 

II anraxaapxa COOTBeTCTBeHHO, HOpMJ1pOB3HH118 IDIBapl-nlHTHhlMM YCJIOBIDIMY.I 

(MaccH Li  H' d -KDapIWB cxaraex O,IU1HaKOBUMM H paBHUMM m f 

u(k)UAk.):::.2m~ , 

ú- CI?-k) lTCP- k) =-' Z t'll'1. (r. 5) 

3aMeTHM, 'tITO MHOJKIiITeJIb, YlfiiTbIBalOliu'li1 trnCJIO II UBl?TOB " , nc BXO,UHT B 

YCJIOBMe HOpMHpOBKH,IJ.7I.H Y~16'Yk;P)..TIO,llcTaBJImI (1.4) II (1.3) B (1.2), 

BWillCJIAA cooTBeTcTBYIOUWt1: nmyp, rrOJIY'Y:MM CJIe,I:(yJOmee Bl:lpaJKeHHe )J.IlfI MaTplI'tI 

noro 3JleMeHTa : 

/'1 J«~bl'Õ)= ~ 4 m, ~A n.	 pl'j t:~4 v, (~; P). (I.6) 

YMHO]KM npanue tIaCTH B (1. 1) H (r. 6) xa JrenTOHlIblH rox Lfi 
H CpaBHMBM Me~ COOOIO 8TH 'tIaCTM, nQflY~M c~e.llY~ee Bup~eHHe ,IJ.7I.H 

ROHCTaHTbI t'lT: 

J....:::: Lj rm Q OA ne. J riq k. tI;	 (k' P) (r. 7) 
" I d (:l1f)4 r s ) • 

PeaJIH3amuI npaxrnxecxoro BlitIRCJIeHMR t1T", paDHO !tal< H BWillCJIe

mui XapaKT8pHCTHl< pacnanos MesoHOB c HCnOJIh30BaHM8M .llBYXBpeMeHHlDC 

B.<fJ., CY1lleCTBeHHO 3aTpY.II.H8Ha na-aa CJIO;KHOC'I'H pellieHIDi ypaBHeHIDI Bere 

Coznarepa. Y1sBeCTHO. 'Y:TO B reopan CBIl3almOrO cocroanaa a@CKTlffiHHM 

MeTO.nOM, n03BO~ HCHO OIIlICl:lBaTL .IJ:MHaMHKY B3aHMo.ueHCTBIDI ,llBYX tIac

T1HJ" HBJIR:eTCR reopaa /1/, OCHOBaHHaH na acnohsaoaanan TPeXMepHoro' 

ypaBHeHIDI )J,]IR B.q). Bere, - CoJII1HTCpa, 3aDMcilllleH TOJIbKO OT onnoro Bpe

M8HHoro napaMeTpa. Bo MHOrMX.paooTux /2-7/ OIlMCaHHe pacna.uoB Me30HOB 

:~ í
Chõ.elllidelfribill !lliCTlI'rYT I 
: 1Ut'fJBa:K ItC!JenDB3HfiI [ 



TIpOBO.rr.MJIOCB c l1CTIOJIb30BamWM 'r8KHX rpexaepnsx B.í'f:J • .mmal'iIHtWCKMMl1: ypas-
HeH:l1HMYi .JJllJI TalillX E.cp. CJrYJK8'r 'ypaBHeHIDI Irna311UOTeHIJ;rraJIlSH01'O/1/ 
Turra. BH1il1CJI0IU18 Ko'HCTaHTbI . .f.'J1' B ICBE,lPIWBOM Mo.rr.eJIl1 snepnue 
6~0 npoBe~eHO B paóoTax /8~9/, 1'~e J~ orrpe~eJIHnaCb qepes He

peJIRTMBI1CTCKYro B.W. MesoHa. TIpl1 I1CITOJIbSOBaIDrn O~HOEpeMeHH01'O tPop

MaJHI3rvm B / 47 rrOv"IY~eHO BhIpa.JKeHJlIe hr c TOt{HOCTI>IO )];0 RoIiCTaHTl:1 

HOpMHpoB~ B.W'9 OTBeqUIO~eM BSlli!Mo.rr.eUCTBl1IO B KBaHTOBofi xpoMO~HaMM

xe • B paocre /6/ TI paaxax l{BnSHnOTeHlJ}i~b'OrO Qx:>prvta7ill3MB, OCHOBaH

noro na nmYPHoHHoH )J,l1a1'paM1'lHotí T8Xill'IK8 10, B03HHI<alCfUetl: B IWB8PRaI-IT

HoH 1'aMHJIbTOHonotí WoPM.YJII1POBK8 lm8HTOBOU TeopIDI rr0f} (KTTI), ITo.rryqe

H8 SaB"HCllMOCTI> j7f OT 3-M8pHoi1 TI.rIJ. ABTOpb[ TI /n .IT,]IH BWillCJIeHIDI 

trrr I1CTIOJI:hSOBaJIn HepeJIRTRIUiCTCJ<yTD 3-M8pHYID E.tI). OCIJJtJIJIJlTOpHO

1'0 TRrra. 

UeJIbIO nacrosneã paooru JilillH8TCH onacanae pacnana :Tt,...". f ~ 
c l1CrrOJIb30naID!eM 3-MSJlHOli B.4J. D MO~eJIl1, paCCMaTplIDaIOmeU 'li -Me

30R KaI\ caaaaanoe COCTORHl1e Kl3ap~ 11 aHTHKBapKa. .rr.mr cpasaeaaa pe

SYJIbT8TOB, ITOJIYQeHHhIX TI paóoTax 4,6,11/ 11 B HacTonmeíi,HaM óy~eT no-' 
JIeSHO caasana B n.z BWU1CJII1Tb lWHC'raHTY f1t TI paMI\B.X C,[JopMa,1ill3Ma 

XPOIlOJIOI'H'tif':lCltH YIIO~otIeHHOrO upoasnenenna oneparopon IlOJIR c HCrrOJIb

SOlmIrneM 'ti8CTOTHHX (Í)YHI\I.J;t1t\ S :t(x) , B Wfors IWHCTaHT8 h óy;ne'l' 

orrpe.n:eJIHT:hCR 3-MepHHM VIHTerpanOM c BepllilliUIOn WYHK~e~, orrncHBaromeH 

IIepeXO)~ '1í -Me30Ha B ,I{Ba xsapxa, B II. 3 , acnoxsaya o.IUiOBpeMeH)HO~ 

nO,lI)CO.IJ; K KTII, B:wlliCJlliM J,1I' c rrOTeHlUfaJIOM sarrapaaaa OCI.l]IIJIJI.flTOpso

1'0 rnrra , PesYJI:hTa'l'h[ OÓCYJK.UélIOT CR B IJ. 4. 

2.	 PacIIM gr - r J B gaM.l\8X !ÍlOgMaJIR3Ma xQ.OHOJIOrnqeCKLi 

1.Y.,0PfI1IO'tieHHoro Ilpglf3Be.ueHHR: orrepaTopaB IlOJLfl 

~13KtleCKaR: S -xarpaua B xoopzraaarnoa ITpe.n:CTaBJIeHmI, OTBetIalOO\aR 

JIarpaH.iKH8.RY B3aHlvlO.IJ;eitcTBuR ~ ( '.J! J,VIMeeT CJIemmmU mm.: 

s= Te~p[,t'j;L(~)d.~]. (2. I) 
lípencraaas B (2. I) .s -uarpany B BH,Ite S = f + i R.. , HaítD:eM p., 

eo • n-« f [R. =: ~1~' T 'L(x1);f(x':l) ... 'i'.(Xrt)JdX1d2!....·d.~''2.2) 
.IVm IIOJIY'tieHRR BI:lpmKeHIDI MaT PYítIlwro 8JISM8HTU 'li"" f ~ B BH.ne 

3-MspHo1'o zarerpaaa pacxpoea T-npoaanenenae JIarpaRllaUlliOB B 

(2.2)	 B mme 
-ç- • R-f] o () o ()) L1( o o

1(= L 'l 6(':ti1-~;,(.)e(Xi.,,-~i! ... o Ji!'K_t:X/·1.) , 
.. p 

'ot(:C~l)' 'cf.{X~.t) ... ;1 (:'e LI1. ) d~1.1 dJf.tJ."C d..2!:n.~ (2.3) 

,I. 

npennoxaraa B ,UaJI:hn:eihueM npa Crrapl1BaHVIJII cpepII1H - oneparopos ncnons

SOBaTb s:t (x) ~ q,YHKwm. CHMBOJI L B (2.3) oaaauaer CYMMHpoBaJme 
• , P •	 /

110 BceM TIepeCTaHOBI<at{! t 1, l,t , ••• , 'l 11.. qnceJI I, 2, .•. , n.. (n. 

cnaraeuax) • IlpMM8HHTe.JIbHO K pacrra.uy ji ... r J oneparop R.~ HMeeT 

CJIe.n;yIOmn:ii BH.n:: 

R~ ~ ~/ JT t s, (Xf)~ W (X:l.)] d..:Cf d X;<. z: , 

i J[ 'irr (~~) i \AI (x,t)er:t.c- 7:/) +:f W (X-2) :f (X1 )e{~II-~']J:r,/12. 4)1i 
"	 ,) 

1'.n;e 

~n ( ~ 1) = " y;(x:1)r \fi( X 1): cfJ1j (X' f ) , 

(2.5) 

~w('Jt,); fi.: .:p(e.)t~(1-8Jlr5) 'f'(XJ ) : L.f' (2.6) 

B aarpaazaanax (2.5) H (2.6) 'P(;ei) Y1 ~ (~l) - oneparops rrOJIsti 

xsapsa .M aI-ITHKBapRa ( i == 1,2), l1MeIqUIDe onmraxosae MaCCl:1 t?1" <Í'f~) 
- B.W. '1i -Me30Ha, r -BeplIIHHHaR WYHKlJWI,: xapaxrepaaynuaa naoa
KBapKoBYKl CBR3lS, G - KOHCTaHTa CJIaÓOI'O BsanMo.n;eRCTBIDI, 8A -8KCH

aJIbHaR	 KO~CTaI-ITa ( HH.n;eKCI:l BHYTpeHHeR' CHMM8Tpllli VI YrOJI KaÓHóóó JlBHO 

ae	 BI:lIll1Chl.BaeM), Lr - JIeITTOHHhlH TOR. Bscpan B (2.5) Bepll.lHHHY!o <PYHK

uma B Bn,ne 

5rd.; = ( ( ) d- fl • (~ ~ (2.7) 

rne i\ - CK8JIJIpHaR xacrs , H IIO,I{CTaBJlIDI (2.5) H (2.6) B (2.4), IIOJIY

tmM CJIe.ICYIOlllee BI:lpaJKeHH8.IT,]IH fl~ : 

rG,t = t' 'rJri~f d.~~ ~'11 (~1) [s+{ ::Cl:X't)(!J~~-(;('f- XJ)tf (I -JII (5). 
,(2.8) 

()(J.(:t,-::f,2)) + s~r~1-i:.2)rJ1(1-3.4(!J) S-{~CXf) rS&(J(X,t-X1))] s. 

1'~e 

S ±("x:.) =(::'~'i JdI keU k') e i 1:. x ta'· .,."D.(-1' i'ln,) , 
(2.9) 

5 



3aM8TMM, 1lTO oneparop ~.l. B (2.B) aanacaa .n ':IeTblpeXMepHOM nane , 

TaI{ ICc'3.R WYHKUID1 e (x/- Xi~) , nOJIBHBUm8Cíl B (2.4), 3aMeHeHU ~"a 
IDmUpllaHTH1W cPYHKI..llIH e(;.(x'··-XiJ), -( 'i., l == 1,2), )'~:Âc'Xo-A.~ 
í\=[~~ J:: o ) , ~ t :: d. • jT.)U1 npocroru JI.aJIbHefu.Irnx Bhl1lliC'-JIeID1:t1: BHOe-. 

peM BeRTOp ~ IWJIJnmeapHbUvl Bper,rOHHTIOJI.o6HOMY BeKTOp,V P (.I? -ITM

H}'[ll HMlTYJIbC CHc'reMH KBélPK-3HTRirnapK). 

BlIllliCJIeHJIIe lo'la'rp:H'moro 3JIeMeH'l'a <]4);) ( R.2.1 1í > npRBOJI.Wr K CJIe.IJ:.YIO-· 

Ilterv1Y BbIpaJKeHIDO : 

l1 (Ji rr 'J) ~ <f) ~ I I?-J, Ifi> =Cr j"dl( k 6(1<. ") cf( k~- ?t1)1) • 
+<:'0 

'J~ I-Iri- -iE L&(-l!"-kO+A'd.) f[rJ! ·HtJ.. )"-m{1 . i: (7/') .. 
(2.10) 

+e(po-kO.A'J..) 8[(-E 'k-Jdf-m;']. T~ (1'./')J.I~ (k; J.), 

r'ne 

G !1fJ(p-Pr -pJ) 9.A' rLt. . L.,r __ , rLe = 3 ) fr ) p~_c ~--_. ~ 

f - (Z :2 v' 11" • '1:! Ü I Qo: liJ. t 1'fY);' 

llMrrYJIbCbl f --MeSOHU II aI-IT1memp:vmo. COOTBeTCTBeaHO, 

T'l.{Tt~)= Li ~1? pr(d.,/~ - t), (2.11) 

T'Z. ( "G f1) ~ -4 'YYIl .P r ( c1/ (p./ + 1) . (2.12) 

3aMeTllM, ':ITO llMITYJIbCI:l KBapI{OB "HaxOJVITCíl" na MBCCOBOtí rrOBepXHOCTli, a 

Bepnnrna nepeXOJI.a MeSOHa B napy KBapK-aHTHKBapK " HaxO,1J.llTciÍ'13He 

aaepreraxecxoã nOBepXHOCTH , T.8. B 3TOH nepumae r rroMHMO 

KBapK013l:lX H 1i' -Me30HHOH JlllHHH eCTE, euté norroaaarensaaa nxonsnaa Mli 

ssxonsnaa JIllHIDI, "nepenocmuaa" HNUrYJIbC ~ J., • TaK, nanpznep t nepsoe 

cnaraenoe D (2. Ia) COOTBeTC'l'ByeT BllXO,II,ffiUeH 113 13epIUmlli r JI.OIIOJIIrn

TeJIbHOtt- mnnm c HMIIyJIbCOM .í\ d: , BTOJX)8 CJIaraSMOe - BXOJ]JlJlt8H 13 sep

llim:IY r JIHHIDi c RMIIYJIbCOM j\ d: • 

B paoore /6/ B~r6IeH pacxer fg c HCrrOJIb30BaHReM "rnrrJ'pHüliHOíi" 

.zm:arpaMMHo~t T8XHllKH Ia, rrte BXO)J)II.Qe-.kt B BepIllID-lY lur!,JPHOH.HO~ JlliIrnll 

OTBeqaeT rrporraraTOp CJIeny~~ero BHJJ.a: 

6 

f}'(r) = ~ 'li ( 'C' - y€ )1 - J 
(2. Í3) 

a K~.OH BHYTpeHHell JIHHliH, cooTBeTcTByrorqeH BHPTYaJIbHOM CIIHHOPHOM 

>iaCTHl.{e c llMITYJIbCOM ki H MaCCOM m COOTBeTcTByeT nponararop 

S+d.~ Ckl j m) = e(k~:)( 1.;. -t m) dop i (k/ - ~ ~) . (2.14) 

ITOJI.CTaBJIRR (2.11) li (2.12) B (2.10), rrpoIDlTerpHpo~aB no CKaJIRPHoMY 

rrapaM8TPY cl ,IIOJIY':IIDJl CJIe.rr:yIOmee BI:lpa'KeRlle,II.1IJI MOr.. " fi \)): 

M(<r. "I> i"t:;) G-. Li rm9 p fi Lr 9A t2c: 8(4)CP-PJ(P:;1'1~ r rs (f)
JI J v c I ----, (2.15)

Vi' V11"' P °I po:: l!:l.+ m;" (Z kI [(-2 k6lJ- m; -lê] j. 

rJI.é Ic. o~ Ir z -t rmf . 
OTMeTHM, ':ITO :aOCITOJIbSOBa13urncb npa BU'tllICJIeHID! l'1(jr+r~hpHtrnHHwm 

<lJymcI.UUIMH CTIllHOpHUX liOJIeR S C!. (::e)c nOCJIe.n:yKll\l1M rrpeJI.CTaBlIeRlleM me 13 

B1UI,e S f:(~)== f9(X! ") S-( x) - $(- x:0) S+(X), MI:l IIOJIY'IliM cYWAY H3 l.l:eTI:lpeX 

CJIar8eMIDC, JI.138 H3 xoropizx npa JI.aJIbHe.trumx BWIl1CJIemmx 06paTJITCH.B HYJT~ 

11, T8KllM 06paSOM, M ( 1T' .... J< ~ ) 6y.n;eT orrpeJI.eJIHTbCR .uBYMH: CJIaraeM1>lMPI ; 

+00 

N (Jj+fi~) == ~'tfJ' t ((<'1<1 Jft. rO(-pO+)"(cl+p)-f '): 
J .t kO JJ Cá.. -Lê){f' -le) C 

-o<) 

8[(~(cJ.if»-P_()2_?Y}t], T-r.tr,t)+ e(po+Ârd+j!J)-ko). 
(2.16) 

tS[o(oU p) ~:E -}J-'/fl j ] Tz n:t)} í\ cfj -. p) •. 

rJI.e 

-G 7." tlp-Pr-P3) /].1-' rz e " L,r. 
(2.17)9Jf = (f' . .t (2,Ji)3/;I. ~ . , '
 

, po: VP:L"t m~
 

T~ (T1 fi) := 4m f (~( ti. t p) - P) j{, (2.18) 

r« (Ttr):::--4m7(~(d.+P) +P)~ 
(2.19)' 

7 



BllTIOJIlillB B (2.16) l1HTerpnpoB8rrne no cI<anJIpHhlM nep8M8HHl:lM d R j3 , 
no.n:y'IMM BUp8JK8H118 (2.15). CpaBIrnBaJI M(T.:+f\'J) B (2.15), c ozr-
Holi C'l'OPOHU, c ero lmnapM8HTHl:lM BupÉiJKeHHeM 'I8p8S KOHCT8HTY ~, c 
.npyro:t:i croponu, fIOJIY'U1M q1o PMYJIY ,IJ,JIR t1l" : 

~ ~ I -b
! _ ryY)q $lA' r1.c. Jd3 k rs (k)
 
rr- !'Ji 3 ' .2ko· (~KO)~- m; -'I.'é· (2.20)
 

Pl1.C. 3 
38M8TMM, 'ITO t~ Mom8T 6UTb sanncaHa B ÔOJI88 npOCTOM BR,n8, li
 

8CJIn MHT8rpan B (2.20) np8.rrcTaEHTb B Cn8I<TpaJIbHOM BM8 

k(
o() 1I Ltm.2/ t

f _ rm1~.It rLd feL t f - ~ 7' .P~.~:1'$r - (.t 11 ).2 I- _ VYI ~ _.' c / s ( t) . (2 • 21) 
- 2 -.-:-~

i(m'l ____ - kJ. 
..., 7 

YpaBH8lrn8 .ILJIR CIlliJJRpBOH 'IaeTH B8pIIlliHHOli tPYHKmm f7s ( k) MO>1<eT -b 
6UTb IlOJIYtI8HO HS ,IJ,BYX CJIe.ItYlOll.(ID( COOTHOIll8HM:t:i: 

t (4t P - k.2 -+ ~ d, - L)· r do. j3( t.> te:1 ; ~ do ~ .P) = P}lC. 4 
~ +

_1_ Jd"3 L' 5~ 5d li •• e(k; c) g( i:-tn1: ) . c2 'lif' i J. k~I d... '-i é 
B coornomennax (2.22) 11 (2.23) MIl cíy.nnr,l ncrrOJlh30BaTb nOT8HIJ;Harr.- 00 (2.22) 

V ( L) kl, j ~ ri.. I L/, k... ' j ;loí) , 3a.uaHIlbri-! B CJI8.nYI01I~eM nnne : 

Võ6.: ( t, Lt ; ;1 cL IL') i.. ~ cf..' ). r fi ~ ( LI, t' ~ ~ d. 'j P ) V( L,k1 , ;l J IL ') t'; ~ol'):: u(L)(r un:)ti(L1)r f t.r(J' 1) VS (~~;,:fol ;~<x')~ 

(2.24) 

r.nesr't)( íl (ri. 'd.') - k
1 

-t k,' - k
1

i 1.,,'). S('f)(p_ L.'''.J s:'> k1') • 

ó' (Lj) ( P ... k - ~ c( • i.t ) . r tJ f' ( L J b ) ~ d.. i .P) = Vf:, (tQ-l.) ~<:i j ~d.') == -9/1_.1. I ~.:: Áf- LI (2.2~) 
1 

n KOHCTaHT8 ~ 38Bl1CnT OT Q2 =- 9-<- TI lmaHTOBO~ XpoM01~ID-IaMH
_1_ rd3 [I Ji~ Sti" kI e("I(J) J) ( k~.z - rn~) • 

1\8. CmmopH,Y1O CTpYKTYPY DepmlntHo~ qJYJlIUnrn r ml.neJlHM CJI8.n;yIOOU1MOOr)~ i J .2 k~ o d..' -1 E. 2 ). 
oópa30M: . 

7 G'f ".:4{ . - <5 f 5 '"t/J 

. V:r (L)k.2; ~d..1 L')k~; í\cL
l 

) . r~~( L')k~')~oL'iP)· t' 
( L):'.l.;"'ci.jp)r:-.2 u (L)( cr(k.t)·rs(kl):L,)<:l.·..P), 

~ (2.26) 
rne [7s ( k,I k2.; ~ oi :. .P ) - CI<BJlJIplIaR <PYH KURfl ,mm8KCU fi 1 , b.2

-npoexuxa crranos rcaapxa H aHTHICIHlpJ<B c YHvUIYJ1bCaMH k, H k. 2. CO;(~y",,(d'-c/..). L - Lf .; t2.'. b)· 5(4)('p -+ L' -) d..' + C.I
) . (2.23) ~ OTBeTCTBeHHO na OCb ~ • l1cnOJIE,3YfI CT8Il)laPTHYlO T8XJUIKY BwmC.:. 

JI8HJiíl B COOTHoweHIDIX (2. r ,) H (2 oi' ') , rJOJrytrnM CJIe.u.y10l.118e mipWK8HHe 

COOTHOlll8HMR (2.22) n (2.23) rp3tPH'IeclGl R30Óp8.1K8HH na pHC. 3}l MR CKanJIpHO~ tIaCTH -nepWIDIHo" <PYH!nnm D CFfCT8Me uenrpa Macc : 

4 COOTBeTCTBeHHo. 

I)H 



:1 
I

- o ~fuyfPt' (~).. i\ (k":·P) 
.! 

B epoPMYJIax (3. I ) , (3.2) 'fJ('l!) ( f (x)) - orreparop nO.lIH rcsapxa (aHTH
r,Jk ,P)~(;). .<t" 2 '" (.tk"/- m; _iE i snapxa) , :X:", X1 ~ X2, I 1MB, k! '> - sexrop , OlllICliBaIOUnra ~ruI3aH--

(2.27) noe COCTOffH.He 1<81< onny 1IaCTVl'UY c MaCCOH Ma VI: V!]I,mYJI1>COM	 K. ,
Vs (z_.2) , (2 kc. ko' - m~), li J.t = »» / ~ . /l.~f!\ - MaTpRU.a tDWTOro JIOp8HlL8Ba npeoõpascsa

/". ~' i: 1-/.(. .L I 

L, 
nnn B C.il:c'reMY nOKO.Fl COCT8BHo:í1: t{aCTHUbl, ,UBIDKYll\e:í1:cH co GKOPOC'l'blO r.; Jrne k () ~ v 1i..2 -+?'n~ , Ko = k. -I ryYJ~ • 

" .11 raxaa, qTO A ~J? ( M2>à) = (po) fi) • M!? -uacca COCTaBHOR 'Iac

TV!U,b!. MHBapllaHTHaq cr(~e'X)- <PYHKI.J;H:R B (3.2) ooecne-nraaer B 

C. IJ;.11. pasexcrso X1 o ;: -:t:J. o I T. e. panencmo BpeMeH KBapI<8 R aHTH1I
Orrpe,n;eJillM B_CP ••. OIU1CUB8IOlltyfO OTHOCV!TeJI:bHOe .ItBIDKerrne xsapxa H aHTH-	 I<Bé1pE<8. B q,opMalIM3Me O,IJ,HOBpeMeIllioro noztxona 1< KTI1 Ma'rp'l1'iHElH 3JIeMeHT 

-"
 
KBapI\8 B CBH3aHHOM COCTOmIHl1: r pacnana Tí"" r ~ 'HMeeT CJle.nYI<IJ.UiR Bll,IJ; ( 6e3 JIerrTOHHOM qaCTH):
 

<Pc (r) = (~ kO) f~ ( koi .P)	 
(II 

Mf1( TI" "" ;J)- iL r2.e Jd3r [lU-~fff'.. ~ ""f· ~)] s (.2 koy-2 _ 'YY1; .. 1.' ê	 (2.20) I l' - {2 . (~JT)3 'i. koo Tt.I. ( k) . A~1f)~ ( ~ J 
(3.3) 

.~ "')o 

'l'orna ypasaeaae .IJ.11R B.W. CP$, ( k) I1pllMeT CJIe.n:yIOllU1R BlI~ :	 f1 . ~ 
r,IJ;8 Aõ.,6".t. ( k) - aKCnaJIbHliM: TOK ltllH 11 a IVIIUB1'l'Jna 11 nepexona CB.fl

SaHH01f naps IrnapK-aHTMKBapK B. aI\ClléUIbHYlO Beplillmy rr t 5', a "HYJIH" 
~ 

O ~ ~ ':'" -? f Jti3 f' .1 (->,	 csepxy nan BeKTopaMH orpaxaor TOT walIT, qTO aTVI B8KTOpli ffB.TIíllOTCil KO
(.2k ) -wrr] 'PsC.L): (,jJí)3 02k'0 cf/s L).[	 

BapVl8HTHO-o606ÍJ~eHHblMl1sexropaza HMIIYJIbCOB t{~cTVll~ BC. n, H • .gBOCrIOJIb-

30BaBIlI.HC:b OCHOBHill.lli npamwaMH rrOCTpoeuas if"( K) V! 4 .J'f( K) B KBaSH
(2.29) 

MCrrOJIbSYH orrpe.n;eJI8H118 B.W. ets ( r)	 IlOTeHI.J;H:aJIbHOM nonxone I", KTI1. i:vOJKeHH1lMH B paoorax / 4, 12/ , rro.1IY'UiMB Bn.n;e (2.28).1 rrpe.n;CTaBIDJI
 

KOHCT8H'ry t 11 B lli1,I{e CJIe.n:yIOll\ee Bl:lpWKeHHe,IT.lliI h :o
 

Jd3k 
..,. 

J
dl r. f - m,?lA vte J:. ~ '("v ~ lf'Y2 f. 9Jt tz C!	 (3.4)t'lf - .2 'Jr3 "Yr1... ~ lO 't" ( k) )~11' ;::; (.l1iY' '"7'.L, nv1~ • 4's ( k") . (2.30)	 "" o 

r:ne B.I1J. y,n;OBJIe1'BOP.Fl8T CJr8.uyIOUI8MY 'Y c.rrOBHlO HOpMHpoBKVI : l' ( r) 
TaIDI~ 06paSOMt noayxeao supaseuae .IJ.11.Fl KüHCTaHTIi 'tn- ' .RBHI:.lM 06-	 o 

pasoM ~aBHCRmett OT rrapaMeTpa nt, 11 BR.n;a '3-MepHoH peJIRTRBMCTCKott	 d3 r ~. ~ .t 
tlt. J(2 ~rJ~ I cP ( k ) I =: Me , 

BOJIHOBO~ WYHKURH CBHsaHHoro COCTO.FlHRH. (3.5) 

Mf-?) -rsacca CBRSaJIHOro COCTO~íl. COOTHOmelll1e ,IT,JIíl B (3.4)trr 
·3. Pacrran :fi -+ .f';) B o,llHoBpeMeHHoM d?opMaJIHSMe	 Cp8BHHMO c peSYJIbT8TOM VIS paeoT~ 11/ 

,.íJ- rr16".1 I 
O,lijIOBpe,MeIm8.H B·ll.:r ( 1<,. ks ), OITHCH:BaJOlIlM: OTHOCHTeJIbHOe	 h = - ~ - J'_d_3_~ _ 

,nmI1teIm8 xsapxa }f aHTRKBapRa c HwryJIbcarvm /(,}f k~ COOTB8T-	 4 ri 'li;5 r.,,!l-..I. ~ J. '3/4' <PPS ( 'Y.. ) -' (3.6) 

BeTcTBeHHo, orrpe,n;eRHeTC.Fl qepes B.W. EeTe - COJIITHTepa 
rne "t..::. pJ. -nonepe-nnrã l1MITYJIbC xsapxa B CVlCTeMe rrOKOR MeSOHa, 

h1. - KOHcTHTyeHTHaJI Macca xsapsa . fIpH BW1HCJIeHIffi -t1l" anropa1'"e.s (X'l,XJ.)~ <OIT(~(X1)tjJ{~;.»)1 MB) K> 
TI In/ HCrrOJIb30BaJIH B_<IJ. rapaoaasecxoro OCllWIJIRTOpa Y: ('l.) ';.(3.1) p~	 sCHe~~M 06paaoM!I3,I4,I2/: = Ne-xp(-Z;z/ZÕ:t) npa , m: == 340 MaR, 6' = 180 MaR • .rvm TffiCJIeHHoA 

OueHfGI J:lI"' Ml:l eY.neM HCrrOJIbSOBaTb Q?oPMYJIY (3.4), rroury"l.{eHHYIJ B pe~1r0"1tJ~(1 1)_ -{2!i)'t -.6"1(1\-1 I) 5l.(J1-1 I).	 .)r 1'.) 1'1,. - 4 'YY'1~ 'Uol J L~l' 1:, lJ~ ~R K.t	 3YJIbTaTe rrOCJIe,n;oBaT8JIbHO~ <PoPMY~pOBKVI PenRTHBMCTüKOro O.n;HoBpoMeH
'J noro nonxona K TeopH11 Bere -- COJIImTepa. B Ka1IeCTBe POJIJITVlBHCTCROt!. r JJq~'e i (k.-k~?J' (~f-:~) <OIT (fp (f) '/'.. (- ~ )f Ms, it>. (3.2) onnonpeaenaoã B.q:,. ey.n;e~ 'HCIIOJIbSOnaTb 

10	 
li 

11 



4. 3alm1Qtt8H118ep(Yd =fi! e-:ep (- rt1yefty: k /2 w) , 
(3.7) 

13 SOItJT.IOqeIme Mhl OTMeTMM, CITO,HCXO,IJ.R H3 npe;n;TIOJIOJKeHHR MeMeH
onpe.n;eJI.R:er.;ryro 1I0TeHUMaJIOM 3anl1paHHa OCllMJI.JIJlTOpHoro TMITa /5/ l1 aarra

'l'apHOCTH qaCTHU l1 BepWJH B pacnane '17'+ .f' '3', KOHCTaHTY pacnana 5-r 
C8FJlYIO B rrpocrpancma "ÓblCTPOT" KBapKOB y: I: • t1crJOJI:b3ya nepe-

B 4-MepHOM WOpMaJIH3Me MOXlliO onpe~anHTb HHTerpaJIOM ~re~romero
 
M8HHyIO Jk , sapaaeaae )J)IJr t1i MOiK1fO npeacraanrr, TaR:
 

B~a (CM. pHC. I); 
00

p :::. 4m:g~n~ I =- li ~ P!> jd k ~fU(k)~) rSü (k, v)(fi{1-JA (5) (J{e-~.J)V-(Q-~)v)Jq"hr 9í-YY17j Jdfi S~.1k· cf> (J/t.) . 
(3.8) 

f 
O 'I rF ( mi -k:Z .,: e) [ YI11-(Q- k) ~ _ l' E] (4.:) 

B pe3YJIbTaTe IIOJIYtrnM npocros BbtpaiKeHl1e )J)IJI t1r .:t 
') -Q rrz3 .DanaraeM, qTO B nellcTBHTe~bHocTH B HHTerpane (4.1) Be~Hq}tHa;::: ~e 1 )0.' ! 

"J.. a. .11 (6 ..,.,.. Ii-, ( .z ao ) , (3. 9) 

rne Q. == '1'rI.1 ~w, Kf (2 a) - Mo.n;HW:m.mpoBaHHaJI <PYHKUMJI Ee CCeJIJI,
 
~rr -Macca rmOHa.
 ''f Ck~ ~ ) ~ u ( k, J) (' 5 ir ( P - k) J ) 

(4.2)BCJIe.n;cTBue "3JIeMeHTapHo11:" npapons xsapxa noaaraea 8.Jf ~ 'i 
( Yr1 t - k.l ~ l'e) [ VY1?~ - ( Q- k. ) 1_ i iJ 

B CJIyqae Óapl10HOB I HaTIpUMep I f}Jt C: 1,25). ITPH Bbt60pe saase
1UIJI napaaerpa m.., cxaraea, qTO KBapKl'I J!BJlRJOTca "KoHcTHTyeHTHbtMH'~
 

< ! 
flBJIíleTCJI 4- MepHoli cnanopnoã BOJlHOBOH epYHKl.IJ1eIi, onacunanueã CTPYKB aTOM ~yqae MaCca xsapxa MO;KeT dbtTb sao pana :PIa CJIe.n:yIOmero COOTHO

meHH.FI : ~ ! 'ry PY Ti -MeSOl-Ia, B rrpe,nnOJIOJKeHIDi, 'lITO 1í -MeaOH ffi1JIReTCa CB.fI3aH

I-{hlM COCTomrneM KBapKoB. BhIpalKeIDIe 1/[( mt- w-:« )( mf -(P- k).t - -l!)Jm, '" i: 1'Yt s '" i "m.,v' .:::. 340 MaR" (3.10) IffiJIR8TC.fl '1aCTHhlM CJrY'lIaeM BI:lÓOpa Cl<aJI.R:pHOtt BOJ1HOBOM lÍJYHKI..llrn. TaKHM 

oopasca, e~IH 1'1111 MMeeM BOJIHOBYIO cfJYHRl.1,HIO r.p- ( k..: -p ) ,JIBJIRlOUU'1O-: 

CH perneHHeM Kaxoro-HR6y.n;b nHHaMHqeCKoro ypaBHeHHH, Harrpl1Mep, 

EeTe - COJIITHTepa. H rrpHTOM T8KYro ,qTO aTa B.W. y;n;o~eTBOpHTeJIb-rne wt g H m N -xaccu .9 - Me30Ha M HYKJIOHa COOTBeTCTBeH

no, Pe!3YJIbTaTU BWlliàJIeHIDI /1f npa m? = 340 MaB :PI pa3JIHq}lbtX 3Ha- HO onncsnaer ,nHHaM1!I<y B3aHMo,n:ettcTBRJI COCT8BJIIDl[{IDC sr -MeSOH xac

T.JeHHRX rrapaMeTpa W npencraanenu B TadJIRne. TM~, TO KonCTaHTa ,f'lr' dy.n;eT O,I:tH03Ha\IHO onpenearrrsca Bh!paJKeIDIeM 

Ta6JIHua (1. 7). 
~IcnOJIb3Y.f{ epopMaJlH3M XpoHOJIOI'H'1eCKlf yrrop.rr,nO'1eHHoro rrpOl:I3Be.neHIDI 

oneparopoa nOJIJI B KTII, ROHCTaHTY -h MOJKHO onpeneaars 3-Mep-
W , MaB = 340 M8Bm, 1.", M8B 1Ib11v1 HHTerpaJIOM CJIe.nyromero BH.n;a ( npe~nOJIaraeM aneMeHTapHocTb Bepum-

HU 11 - MesoH-KBapl<-aHTHKBapR, fÇ . = 1):
20 86 
24 j J5{ -2 kO94 
25 102 .I = C~ KO)~ •(2k"/- m; - ·ié (4.3)50 166 

rne BHp8JKeHHe -Z k0/[ ( .2koj2- m; -1.' EJ .fIBJI.ReT CH: qaCTHHM DB,ItOM CKa-

JIJIpHoit 3-MepHofi B.<I>. Ytrn:TbtBaR CTpy1cr!YPY 1f' -Me30Ha c nOMolltbJOMa Ta,Cimnw B~O, '1TO 8KcrrepHMeHTaJIbHOe 3Haqelrne f., ~ 94M3B 
3-MepHOH.. BeprmrHHofi q,yHKIUm rs (k) , B.W. 'MOJKeT 6btTb onpenene-

BocrrpoH3BO).(HTC.fl npa 3HaqeHllli "ocnannaropnoã lJaCTOTbt" W = 24 MaR. 
ua no <PoPMYJI8 (2.28) ,Torna KoHCTanTa f7T" onpeneaaerca BH,ItOM BOJI

HOBOH WHKmrn: fs ( l) B (2.30) 

I 

]2 J I
I :i\',

li
 



BtlproKemw.zr.;m t1i" (3.4), lIOJrYl.IeIDIOe B o):U{onpeM8lllioM q)üPMa-
JIH3MejOTJIRl.IaeTCR OT (2'.30) na çpaKTop ~kolm.1r (lo;: v't.2-+ 1'Y7r)~ 
JfBJlfIJrn{ÍütcJI B pacnane ir ~ .fi J rrpo.fÍBJIeHHeM RonapHaHTHoro YCJIOBHJI 
BHXo~a 3a 3HepreTHQeCRYID rronepXHOCTb rrpH orrpe~eJIeHHH O):U{OBpeM8IillOM 
BanHOBofi WYHKUMH. 

ABTOP 6JIarO~apeH B.M. CempHHY, a.E. CKal.lIWBY , A.B. Pa.mamKHHY 
sa ITOJIeSHtle SaMeQaHHJI n o6cy~eJme pa60TU. 
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K03nOB r.A.	 P2-86-S00 ,

O· pacnanc rr .. ~ii B pen5lTHBHCTCKOH r-eopaa 
CBR3aHHMX COCTonHHH 

B pat.ucax l1JoPManH3Ma XpOHOJIOI'HlIeCKH vnopanoxemror-o npOH3Be
geHIHI oneparopoa norra 110JIYlleHO BbIpmKeHHe W}R I<OHCTaHTbl r rr 
B 3BBHCHMOCTH OT BHga 3-MepHOH BonHOBOH ~YHK~HH CBH3aHHOI'O 
COCT05lHHH.C HCI10JIb30BaHHeM OAHOBpeMeHHoro nOAXOAa K KBaHTO-1 
BOt\: TeopHH 110JIR BbIlIHCJ1.sIeTC5I f17 c I10TeHIJ;HaJIOM SaI1HpaHH.sI /OC
~HJ1J1HTOpHOI'O THl1a/ KBapKOB. 

Pa60Ta Bbll10JIHeHa B Jlaõopa'ropna TeopeTHlIeCKOH ~H3HKH OlUlH. 

Ilperrpanr OG"beLlHHeHHOro HHcTHTyra JUlepHbIX accnenoaaaxã. Ilyõaa 1986 

TIepeBO,q T.ID.,nYMOpaAc 

Kozlov G.A. P2-86-S00 
On decay ""Il; in the Relativistic Theory 
of Bound States 

Within the formalism of T-ordered product of field opera
tors the constant t" is determ~ed as a function of a 3-dimen
sional wave function of the bound state. The single-time 
approach ia applied to calculate ( with the quark confinement 
potential (of an oscillator type)." 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1986 
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