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1. BBE,QEHHE 

HacTOH~aR pa6oTa nocsH~eHa HaXOlKAeHI-110 np1-16m-1>KeHHbiX aHa!lHTH-
4ecKHX peweHH~ penl'ITMBMCTCKMX ypaaHeHMA A!ll'l 80!1Hos~x ~YHK~HA 
/B~/ KsapK-AI-1KBapKosoA Cl-lcTeMbl. KsapK-AMK8apKoBal'l MOAeJlb HyKno
Ha np1-1o6pena B nocne,qHMe rOAbl M3BeCTHOCTb B CBl'I3M C o6Cy>KAe
HHeM 3KcnepHM~HTa!lbHO Ha6JliOAaeMbiX 1/Q 2 -nonpaBOK K CTpyKTypHbiM 
$yHK~MRM rny60KOHeynpyroro nenTOH-HYK!lOHHOro paccel'IHI-ll'l, 3ToA 
MOAenM nocsFJ~eHbl, HanpMMep, pa6oTbl I 1.21. B /2/ HaMM 6bl!lM nony-
4eH~ $opMyn~ A!lfl CTPYKTYPH~X ~YHK~MA 4epe3 B$ HYKilOHa, COCTas
neHHOro M3 KBapKa CO cnMHOM 1/2 M AMKBapKa CO cnMHOM 0 1-1 1. 3TM 
B~ YAOBneTsopl'IIOT KosapMaHTHbiM TpexMepHbiM ypasHeHMFlM Ksasi-1noTeH
~ManbHdro THna 13·5~ l'IAPa KOTOp~x /KsasMnoTeHUMan~/ cosnaAa~T 
s nepaoM npM6nM>KeHMM c aMn!lMTYAaMI-1 OAH06osoHHoro o6MeHa. Ypaa
HeHMH AilR Be 4aCT~U co cnHHaMM 0, 1/2 H 1, 1/2 paccMaTpMaanMCb 
TaKme s 161 • 

B Ka4eCTBe KSa3MnOTeHUMana M~ 6yAeM MCnO!lb30BaTb aMn!lMTYAY 
O~HOr!liOOHHOro o6MeHa KBaHT080A XpOMOAMHaMMKM /KX,Q/ M nOJly4eHHYIO 
B ?/ 3~$eKTM8HYIO aMn!lHTYAY OAHOr!liOOHHOfO 06MeHa. 3Ta 3eeeKTMs
Hal'l aMn!lMTYAa, KaK 6bl!lO noKasaHo a181, xopowo annpoKCMMHpyeT 
aMnnHTYAY KX,Q c nl06b1M H3BeCTHbiM s nMTepaType Bblpa>KeHMeM A!lFI 
3e<jjeKTMBHOA KOHCTaHTbl CBTl3J.1, B C!leAYIO~eM pa3Ae!le Mbl npMBeAeM 
ypaBHeHMfl A!lR Be, peweHMR KOTOPbiX 6YAYT HaAAeHbl, COr naCHO ;a;, B 
pasAene 3. 

2. YPABHEHH~ ,ll,Jl~ BOnHOBbiX eYHI<UHtl HYI<JlOHA 

s 121 6~no noKaaaHo, 4TO ypasHeHMR A!lR OAHOspeMeHH~X Be KsapK
AMKaapKoaoA CMCTeM~ c npoeKuHeA nonHero cnHHa r MoryT 6~Tb 
npeACTasneH~ B BHAe 

2~o (M-~o -~o )r/> 
p,me" p,m 1 A p,m i• 
_1_ f d3~ k,A V(l)r'(~ 

3 T p,\ 
(2rr) 2~~.m1A 

(l)rN (~ ) '" 
p,A T 

(l)r N .. 
;~lt,A)r/> r' (~k.X ). 

/2.1/ 

3Ha4eHMe MHAeKca i=O OTBe4aeT C!ly4al0 6eccnMHOBOrO AMKBapKa, 
a 3Ha4eHMe 1=1 - cny4al0 AMKsapKa co cnMHOM 1. Ksa3HnoTeHUMan~ 
V (i) , KaK y>Ke OTMe4a!lOCb, COBnaAaiOT 8 nepBOM npM611MlHeHMH C aM
n!lHTYAaMH pacceRHHR KsapKa Ha AHKsapKe. CnMHOs~A HHAeKc rN oxo
AHT B onpeAe!leHMe Be 6eTe-ConnHTepa,OTBe4aiOmeA CBR3aHHOMY co
CTORHI-110 /eM. $OPMYI1~ /2.1/, /2.2/ 8 /2//, 

2 

K6~apMaHTHO onpeAe!leHH~A B C.~.l-1. HMnY!lbC OTHOCHTeJlbHOrO 
ABM>KeHHl'l 4aCTM~ 3aAaeTCA $OpMynoA 

... ... ... 
-+ -+-1-+ -+ P Pk 
~ k ,A = (L >. k) = k - - (k 0 - -- ) , 

M P0 +M 
/2.2/ 

., 

\ 

{ 

~k.m J,\ = v' m f + K:,A ' j = 1,2, 
-1 

rAe m 1 ecTb Macca KsapKa, a m 2- Macea AMKBapKa, L>, - 4HeTo 
nopeHue8eKoe npeo6paao8aHMe H3 eHeTeMbl oTe4eT~ KoTopoA HyK
noH MMeeT 4-MMnynbe PJ.I M 4-eKopocTb AJ.I= PJ.I /v'P 2, 8 eHeTeMy no
KOl'l: L _\1 P = (M; 0). 

CnMH08aA eTpyKTypa se HYK!lOHa 3aAaeTeR eopMynaMM 

(O)r N -> o - (0) -> 
rP a (~p,A .) = ua (P, 'N )u {3(~ p,,\;.a)· <1>a{3(~ p,,\ ), 

-1.. (1)r N cK ,\ 
'1-' UK p, 

0 /2.3/ - . * ... . (1) p ... 
= u (P , rN) u {3(~ , , a) e (-~ , , . K) <I> {3 (~ , ) • 

a P•" P P•" a P•" 

3Aeeb a H K eeTb eooTseTeT8eHHO nonRpM3a~~M K8apKa H /BeKTop
HOrO/ A~KBapKa, KOTOpble 11e~ARl' 1 Ha ·OAHOM 1-1 "rOM >Ke HMnynbee 
~ p,,\ /eM. nOAP06Hee /2/ I' a p = (L x1 p) c: 0. 6HenHHOpbl u(p, a) 
4aeTH~ Maeebl m 1 M BeKTOpbl nO!ll'IPH3aUMM € (p,K) 4aCTH~ MaeCbl m 2 Hop-
MMposa Hbl yeJl08Hl'IMH J.l 

U(p,a)U(p,a')=2m18aa', :(p,t<:)e(p,K')=8KK'" /2,4/ 

npeAeTa8MB MaTPM4Hble $YHK~HH <fJ(O) 1-1 <fJ(l) 8 8HAe pa3JlO>KeHMl'l no 
MaTPMUaM I, yJ.I, aJ.Iv= iyJ.IyV, Y5• YJ.IY& , 
nony4aeM 

(0) (0) 
<I> a{3 (~ p. ,\ ) = a a{3 • ifJ (~ p. ,\ ) ' /2.5/ 
cp 02P (~ ) = y P • ifJ ( 1) (~ , ) , 

a{:3 p,,\ a{3 P•" 
rAe 1/J (0) 1-1 1/J (1) ee Tb C K9Jlfl pHble $yHK ~MH. 

K8a3~noTeH1..1Ma11bl v<O)a M v {l)a'K, 
a UK 

1-13 KOTOPbiX e no-

MO~biO K03$$H~MeHTOB Kne6wa-ropAaHa eTpORTel'l l'!Apa ypasHeHMA 
/eM, 121 /, B enMpanbHOM 6a3Mee eeTeeTBeHHO 3aAaTb B BMAe * 

/2.1/ 

~~, -
V (~ ' ;~k ') = Vo(~ '-·~k ,\).u(~kA ;a') x a p,/\ ,1\ Psi\. , • 

/2.6/ 
- - fl (0) 2 

xyJ.Iu(~p,,\ ;a)·(~p,,\+~k,A) .f (Q ), 

(l)a'K' _ 
V aK (~p,,\; ~k.A.) = Vo (~p.A- ~ k,.\>· u(~k,A. ; a') x 

*a (1) 2 - - J.l 
x YJ.I u(L'1p,,\; a)· e (-~k,A; K'>l-f 1 (Q )·(~k,A + ~p.A.) 

(1) 2 J.l - J.l - {3 
+ f2 (Q ).[ga (~k,.\){3 + g{3 (~p,A)a]!e (-~p,,\• K), 

ga{3 + /2.7/ 

rAe Vo eeTb noKanbHaA 4aeTb KBa3MnoTeHu~anos, oT8e4aiOmaH 
OAH06030HHOMY o6MeHy; f (O)(Q 2 ), f (f) (Q 2 ), f ~1)(Q2) 
eeTb eOOTBeTeT8eHHO $OpM$aKTOpbl eKa!lRpHoro M BeKTOpHoro A~K8ap-

*no noBTOpl'IIO~HMel'l HHAeKe~aM 0._2~._S!.~~~eJ!~MMPOBaHHe, 
"f f'.,.., r,1!~, iii t'\ · ·-.. ~..,.:):U"L. ,,,_._.h.t.:~ t ._ ~ ~- .. Yf' 
e;;;;,: .. ::~ ;.;lt., r ~ ~.:,~~~ .t .... ·::r~ 
'";:'J~.~·:_:'"', 1l~tH'' /'+ .. '~ ,,,.. 
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KDB, H~ 6yAeM paccMaTp~BaTb npocTeAw~A cny4aA, 
= f ~1) (Q 2 ) ., f (:) (Q 2 ). _ HcnonbayeM cneA]IOI1\!-1e 

~p,.\ = (~~.m 1X; ~p,.\); ~p,/.. = (~~.m2.\ ; -~p,.\). 

KDrAa rpl (Q2 ) c 

o6oaHa4eH~A: 

noACTaHOBKa /2.2/-/2.7/ B /2.1/ AaeT 

0 -

2~ Po _ x (M - ~ 0 
, - ~ 0 x) • u (P , r N ) u (~ , ; a) x 

,m 2" p,m1" p,m 2'" P•" 
3.,. 

(0) ... 1 d .1k,t.. ... ... 
X .t/J (~ ,\) c -- f V O (~ p ,\ - ~ k ,>,.) X 

p. (27T) 3 2~ 0 • • 
k,m 1>.. 

-+ -+ 2 -"· -+ -+ 
x fo[(~p,.\-~k,A) ]. u(~k,.\;a')yiL u(~p,.\ ;a) x 

- - 1L _ (0) "" 
x(~p,.\ +~k.A) u(~.rN)u(~k,A;a')·t/1 (~k,A); 

0 

2~~.mg>..(M-~~.m1>..-~p.mg.\).u(P, rN)yp' x 

x U(~p,.\; a)·~ p' (-~p,.\; K) • t/J (l)(~p,A ) '" 

3-+ 
1 d ~ k,A ... ... - , .. -- f V 0 (~ P ,>,. - ~ k ,>,. ) · u (~ k ,>,. ; a ) y, x 

(211) 3 ~ 0 • • • ,.. 
k,m 1.\ 

- - IL 
[-(6 k,A + 6 p,.\ ) gaf3 + x u (~ , ; a)· i a (-6k A ; K ') • p,A t 

/2.8/ 

/2.9/ 

+ g: (~k,.\ ){3 + g~ (\,.>..)a]· f 
f3 ... .. 2 
(~ , ; K) • f l ((~ ,\- 6 k ,\) ] X p, 1\ p, • 

0 * .. 
x u(P,rN)yPu(~k.t..;a'). tP(-~k,A; K').t/J(1)(~k.t..) 

... ... 2 (!) 2 
r 1 [(~P >..-·~k >..) 1 "'r (G ). 1,. 1.2. . . . 

- 0 

YMHOlK~M ypaeHeH~e /2.8/ Ha U (P, r N) U (~ p,.\ ; a) _ 
0 

11 npocyM-
MI1pyeM no r , a , a' • YpaBHeH~e /2.9/ YMHO>KHM Ha u(P, r N) x 
x u(~p,,>,.;a)· £ 0 (-~p,.\; K) 11 npocyMMI1pyeM no 'N, a, a', 
K , K'. B peaynbTaTe nony4aeM cneAy~ee ypaeHeHI1e Al1A $yHKU~A 
t/1 (0) 11 t/1 (1) : 

M~,mt(M -~~.m 1>..-~~.m2 .\)(rnl +~~.m 1 A )t/J(O)(Kp,t..l = /2.10/ 

3-+ 1 d~k.\ .,. -+ ... -+ 2 
= __:__ f . ' vo (6 '-~k ,\) fo[<~P ,>,.-~k A) l x 

(2rr) 3 2~ 0 P·" ' ' · ' 
k, m1 .\ 

... -+ ... ... ... ... (0) -+ 

X I A(\~p,.\ I. l~k,.\ \)· (~p.A. ~k.A) + B(l~ p,.\ I' l~k,A II t/1 (~ k,A ), 

4 

M p,mz\ (M - L\ ~.m 1>..- ~;,mg.>..> · C <1.:\ p,.\ \) • t/1 (l) (~ p, ,>,. ) = 

3 1 dllkt.. ...... --· r · v <~ ... ... 2 (27T)3· Mo 0 p,A-~k,A).f1[(~,,.A-~k')] X 
k,m i,\ •·· •" /2.11/ 

... _,. -J -+ ... ...,. 

X {(~p.A. ~ k,t..l· [D(I~p.A I. I~ k,A\) +(~p.A. ~k.A) X 

... -+ ... ... ( 1) ... 
X E(l~p,A I' l~k,A Ill + F(i~p,.\ I. I~ k,A \)1. t/J. (6 k,A). 

<l>yHKUVI~ A, B, C , D, E ~ F np~eeAeHbl e np~nomeHH~. 
Ycnoe11e HOPMI1POBKH AJ1A B<l>./2.2/ s cny4ae KBa3!-1nOTeHu~ana, 

He 3aBHCAI1\erO OT 3Hepri1H CMCT~M~, HMeeT BHA/2/~ 
s-+ (l)r N ... 2 I d ~ P >.. I ¢ (ll , l I = 2M • I 2 • 1 2/ • r p,A 

B/2/ ~~J10 HaAAeHo, 4TO BeJ111411Ha 

z<!)(L'l > = I l¢<t><~ >12 
p,A rN=±112 p,.\ /2.13/ 

e~pa)i{aeTCA 4epea B<l> t/J (I) cneAYIOil\HM o6paaoM: 

(0) 0 (0) ... 2 
Z (6 p,A) = M(ml + 6p,m

1
,\) · lt/J (~p.A l! , 

z OJc~ ,>,.) = _M[ 2
rn1(6 o )2 -l'lo -rn ] x /2.14/ 

p, 3 rn p,mgA p,m 1 A 1 
2 

1·'·(1)(1 )12 x ·~ up,.\ • 

noACTaHOBKa /2.13/, /2.14/ B /2.12/ AaeT ycnoe~e HOPMI1pOBKI1 AJ1R 
B!l> tfJO) : 

1 3 -t (0) .. 2 - f d L\ p,A (rn 
1 

+ L'1 o ,\) • !1/f (1'1 ,\ }I = 1 • 
2 p,m1 p, /2.15/ 

....!. r d s ~ [ 2m 1 {L\ o )2 _ L'1 o _ rn l . lt/1 o> (~ ) I 2 = 1. 
6 p,.\ rn2 p,mgA p,riltA 1 p,,\ 

[' 2 • y 

oYAeM paccMaTpHBaTb Aanee c¢epH4eCKH-cHMMeTpi14H~H cny4a~, 
OTBe4ai011\11A S-COCTOAH11~ /f =0/ KBapK-A~KBapKOBOH CI1CTeMbl, 11 11C-
nonb30BaTb cneAY~IliYIO napaMeTpHsaua.-tiO: 

!Kp,,\ i =rn 1 shxp: ~~.m 1t.. = v'rn[+K~,,\ =rn 1chxp 
/2.16/ 

l'lo ' = v' rn2 + L\2' = rn y'sh2x + rn2frn2 p,m2" 2 p,n 1 p 2 1' 
rAe x P. ecTb 6biCTpoTa. 

M~ 6yAeM HMnonbsoeaTb TaK)!{e napaMeTpa.-tsauHIO nepeAa411 HMnynbca 
Q2 B KBa3HnOTeH1..1Hane /9/: 
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Q2=-q2=-(p-k)2=-(~ A -~k,\.)2 =(2rn1 shy/2)2. 
p, ' 

/2. 17 I 

B TepMMHaX 6~CTPOT~ y KBa3MnOTBH~Man~, An~ KOTOp~X M~ 6yABM 
MCKaTb peWBHM~ ypaBHBHM~ /2.10/, /2.11/, npMMYT cnegy~~M~ BMA 

,1/ noTeH~Man ogHorn~oHHaro o6MeHa KXA: 

V 0 KXA· (y) 
16a·a 

8 
(Q 2

) 

-Q2 

~IT 2 • a B (y) 

rn21 sh 2 y/2 

2/ 3<)J$eKTMBHbl~ noTeH~Man OAHOrn~OHHOro a6MeHa /7/: 

V 3QJQJ· (y) "' - rn 2y shY 
o KXA 1 

477. g2 

Q2 ... "" 

817· g 2 

Q2.InQ2jrn2 
1 

·. 

/2.18/ 

/2.19/ 

3Aeeb a 
6
(Q2) eeTb "6ery~a~" KOHeTaHTa eensM KXA, Bblpa)l{eHMe ANI 

KOTOPO~ B TpexneTneBOM npM6nM)I{BHMM MMBBT BMA/101: 

a s(Q2 ) 1 fJ1 lnL 1 2 2. --·=-·--·-+--·[({J -1)1nL+(fJ fJ -{J.J] /2 20/ 
4" fJ

0
L fJ~ L2 fJgLa 1 2 o 1 ' • 

rAe 

L = lnQ 2/ A 2 , fJ 0 = 11 - 2/3 . N r , fJ 1 "' 102 - 38/3 · N r , 

{J
2 

== 2857/2 -· 5033/18 · N r + 325/54 · N ~ , 

A eeTb MacwTa6H~~ napaMeTp KXA; Nr- 4Mcno KBapKOB~X apoMaToB. 
nepB~~ 4neH B /2.20/ OTBe4aBT BKnagy OAHOneTneB~X gMarpaMM, 
BTOPO~ - gsyxneTnes~x M TpeTM~ - TpexneTnes~x gMarpaMM. 5~nM 
Ha~geHbl TaK)I{B npM6nM)I{BHHbiB <)JOpMynbl AnR a 8 (Q 

2
) B OAHO- M ABYXneT

neBOM npM6nM)I{eHM~x e y4eTOM Mace KsapKoB /eM. 
111

•
81 I. KaK 

6~no noKasaHo s /S~3<)J<)JeKTMBH~~ noTeH~Man KXA /2.19/, esegeH
Hbl~ B 171, xopowo annpoKeMMMpyeT noTeH~Man KXA /2.18/ e n~6biM 
MseeeTHbiM e nMTepaType BbiPa>KeHMBM AN'l a 8 (Q 2 ). Mbl 6ygeM paccMaT-

pMBaTb.eny4a~, KarAa 

f .(Q2) == th
2

Y ., i = 1,2. 
1 y. shy 

/2.21/ 

0CHOBaHMBM gnH B~6opa <)JopM<)JaKTOPOB B TaKOM BMAB eny)I{MT TO o6eTo
HTBnbeTBO, 4TO pac4eT~ s KXA aeMMnTOTMKM <)JopM<)JaKTopa IT-MesoHa 
KaK ABYXKsapKosoro o6beKTa Aa~T 

const 
' F (Q2) 2 Q2.tnQ2jA2 

1T Q ... "" 

4TO COBnaAaBT C aCMMnTOTMKO~ B~pa)I{BHMH /2.21/. 
B HepennTMBMeTeKoM npegene (I pI ... 0, I iii ... 0) 

MMBBM 

fj(Q 2 ) ... 1, 

6 

Q 

• 

a 

Po+ IPI I P 1. 
X -ln---· ... --, 

P - rn1 rnl 
1 

.... 1 .... ... 

Y-+-q-=lp-k[ 
rnl rn ·, 

1 

e eMny 4ero noTeH~~lan /2.19/ nepexogMT s Hepen~n1BMeTeKM~ Ky
noHoseKM~ naTBH4Man: 

. 2 2 
v 3QJQJ. (y) ... - 41Tg .,_ ~. /2.22/ 

OKXA (rnly)2 q2 

B pesynbTaTe ypasHeHMe /2.1/ c KsasMnoTeH4ManoM /2.19/ nepexo
AMT s HepennTMBMCTeKoe ypasHeHMe WpegMHrepa e KynoHoBeKMM no
TBH4ManoM. CneAOBaTenbHO, M peweHMB ypaBHBHMR /2.1/ B Hepe~n
TMBMeTCKOM npeAene Xp-+0 AOn>KHO nepeXOAMTb B HepenRTMBMeTeKy~ 
KynoHoseKy~ B<!J: 

A. (i)rN(~ A) 
'I' r p, 

const const 
/2.23/ 

(p2+ 2p.W)2 ' (chxp -h)
2 

Xp-+0 

rAe 

rn2 M 1 h = - ( --- - 1) + • 
rnt rnl+rn2 

rn1m2 
W = - E = (m 1 + m2 ) - M • p.= 

m t+ m2 

0Te~Aa c y4eToM /2.13/, /2.14/ HaXOAMM 

const 1/f co> <x P ) -
vx2 + 4(chxp - h)2 X ... o p 

p /2.24/ 

const 
1/f Ct>cx P) -.. 

(chx -h) 2 X ... o X P P p 

3. nPH6Jll-1ll<EHHbiE PELUEHI-1.51 YPABHEHHtl 1\Jl.sl BOJlHOBbiX <I>YHKUHtl 

PacCMOTPMM ypaBHBH~e /2.10/ e nOTBH4ManoM KXA /2.18/. npo
MHTerpMpyeM B npaBO~ 4aeTM ypaBHBHMR no C<)JepM4eeKHM yrnaM M Bae
nanb3YBMe~ napaMeTpM3a~Me~ /2.16/. nony4aeM ypaBHBHMB B BMAB 

ysh
2

x p + m~/mi (M/m 1- chx p- vsh 2 Xp + m~/m;) X 

x (chx + 1) . 1/f (O) <x ) == 
p p 

dl 

shxp 

A2 
[ dxk shxk {2A(xp, Xk) · J1 (xp' xk) + 

+!A<xP , xk) m~(chx P · chx k -1) + B(xP, x Jl· J 2 <xP, x k)l!frco> <x k ) , 

7 
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rAe 

d 1 = (16772)2 A2 

8(277)3m 1 

J ( L+ 
1 XP , X k) = _ { dL 

L_ L2' 

L+ dL 

J 2 (x p • X k) = L ~ L 2. exp (L) ' 

L ± = lnl2m[IA2 • [ch(xp ± Xk)- 1]1 

13.21 

13.31 

Am~ 3<)><)>eKT11BHoi1 KOHCTaHTbl CBfl311 KX/.1 a 8 (Q
2

) Mbl 11cnonb3osanl1 
3AeCb OAHOneTnesoe Bblpa>KeHI1e a

5
(Q 2 ) = 477/,8 0L, rge L =lnQ

2
/A

2
, 

,B 0 = 11 - 2/3 . N r . 
CneAYfl 191, Hai1AeM aci1MnTOTI1KY B<l> tj; (O)(x P ), YAOBneTsopfiiOIJ1ei1 

ypasHeH1110 13.1 I. llnfl 3Toro nepei1AeM K npeAeny Xp-+ co KaK s 
nesoJI!, TaK 11 B npasoJI! llaCTfiX 13.11 11 6yAeM Clii1TaTb, liTO Xp >>Xk• 
3TO np116n11>KeH11e MO>KeT 6~Tb onpasgaHO yeM, liTO np11 AOCTaTOliHO 
6bJCTpoM ypasHeHI111 B~ c pocTOM xp/KoTopoe Heo6XOA11MO Allfl cxo
A11MOCTI1 HOpMI1pOBOliHOrO 11HTerpana 12.151/ 11MeHHO 3Ta 06JlaCTb 
AaeT OCHOBHOH BKJlaA B 11HTerpan B 13. ll. 

Aci1MnTOTI1Ka 11HTerpanos /3.21 np11 x -+ oo HaXOAI1TCfl nerKo: p 

J 1 <x P , x k ) .. - 2x k I x : , 

J2 <xP, x k) L. exp(L) - Ei (-L) I L + L 

A
2 

xk 
m~x2chx chx - [Ei(-L+) - Ei(-L )] 

p p k -

13.41 

13.51 

rAe Ei(x) ecTb 11HTerpanbHafl noKa3aTenbHafl <I>YHK1..111fl 1121
• He-

TPYAHO nonyli11Tb, ylii1T~safl aci1MnTOT11llecKoe noseAeHI1e <I>YHK1..11111 
Ei(x) ItS/ 

( X ) 
J2 Xp• k X ... oo 

p 

TaK11M o6pa3oM, np11 

ch 3x .tf;c0>(x)"' p p 

8 

A2 Xk 

m 2 x 2 chx chx k 
1 p p 

x ... oo ypasHeHI1e 13. 1 I np11o6peTaeT BI1A 
p 

d 1 A2 2xk 
-- [dxk shxk 1- -2m1 chxp -- + 
shx 2 x2 p p 

ID 
II 

"• 

•tj 

t\ 

Jl 

0 

+ [2m 1chxp ·rnf(chxP· chxk) + 

+ m ~ ch2 Xp (2 + chxk )] 
A2 

m2 2- l tf;(O) ( 
lxP chxpchxk xk)' 

rge M~ Y4J111, 4TO np11 X -+co 
p 

Xp+X.k 
thy! =1, 

Xp-Xk 
sh X "' ch X ; /':;. o ' = /':;. o ,\ p p p,m2" p,rn1 

s c11ny llero 

A (x P, x k ) "' 2m 1 ch x P 

H3 13.61 HaXOA11M 

B(xp.xk) 
3 

"' m 1 

11J111 

dl 
tf;(O) (x P) "' chaxpshxp 

m1A2chxp {dxkshxk x 
2 

X 

r/1 co><x P) 

x (1 + 2/ chx k) x k • tf; CO) (x k ) 

X P-+ oo 

const 

x2. ch3x 
p p 

AHanorl1liHbiM o6pa3oM, ylii1Tb1Bafl, liTO np11 x ... "" p 

C(xp)"' 2m~lm~·ch3 xp, 

D <xp.xk) = 4m;/mi · ch2 xp, E(xp' xk) = 2m 1 /m~ chxP' 

F<xP' xk) m6 /m 2 -ch3 x [ ysh2 x +m2/m 2(2chx -3) + 12 p p 21 k 

+ ch2xk -21. 

HaxoA11M ac11MnTOTI1KY B<l> r/J <1> <x P ) : 

13.6/ 

13.7al 

13.761 

13.81 

tf;co<x ) "' ~s_t_. 13.91 
P X -+ oc X 2. ch4 X 

p p p 

0TMeT11M, liTO s ac11MnToT11Ke B<l> 13.71, 13.91 oTcytcTsyeT 3aBI1ci1-
MOCTb oT MacwTa6Horo napaMeTpa KX/.1 A, KaK 11 B cnyllae B<l> ABYX 
CKaJlfiPH~X 11J111 ABYX Cn11HOPH~X llaCTI11..1 /S,9/ 

9 



HssecTHo, 4To <j)opMYilbl AN'~ a 
8 

(Q 
2

) cnpase,Qm1Bbl m1wb np11 6onb
WI1X 3Ha4eHI1RX Q2,KOr,Qa npi1MeH11Ma TeOpi-'IR B03My~eHI1~. npi1MeHeHHe 

H3BeCTHbiX B mnepaType Bblpa)l(eHH~ ,QJlR a 8 (Q ~ B 06JlaCTRX MaJlbiX Q 2 

He TOJlbKO He HBilHeTCR 060CHOBaHH~M, HO 11 npHBO,QHT K 4HCTO Tex-
2 

HH4eCKHM TPYAHOCTHM,. A HMeHHO, <j)opMyJlbl ,QJlR a
8 

(Q ) eHHrynRpHbl 

np111 Q2-> A2. TaKII!M o6pa3oM, KXII - noTeHL\IIIaJl O.QHOriliOOHHoro o6MeHa 

onpe,QeJleH JlHWb npM 60JlbWI1X Q2,B eHJlY 4ero M~ MO)I(eM eTaBHTb nepe,Q 

eo6o~ JlHWb paecMaTpi-'!BaBWYIOeR B~We 3a,Qa4y HaXO)I(,QeHMR aeHMnTOTHKH 
B4>. 

BMeeTo eHHrynHpHoro s o6naeTH MailbiX Q~ noTeHLIHana KX.Q /2. 18/ 
Mbl MO)I(eM paeeMoTpeTb ypasHeHHH /2. 1 0/, /2. 11 I e 3$$eKTHBHbiM 

noTeHl.IHa!lOM O,QHOriliOOHHOro 06MeHa /2.19/. noTeHl.IHaJl /2,19/ npH 

Q 2 ~0 perynHpeH H nepeXO,QHT B Hepe!lRTHBMeTeKOM npe,QeJle B KYJlO

HOBeKH~ noTeHL\Ma!l /eM, ./2.29//, Bene,QeTBHe 4ero H3BeeTH~ pe

WeHHR ypasHeHH~ /2. 1 0/, /2. 11 I e noTeHL\HaJlOM /2. 19/ npH x P ... o 
/eM. /2.24//. 

Oey~eeTBHB HHTerpHposaHHe s npaso~ 4aeTM ypaBHeHI-'IH /2.10/ 
e noTeHl.IHanoM /2.11/ no e<j)epH4eeKHM yrnaM, nony4aeM 

r,Qe 

ysh 2 xp + m~/m21(M/m 1 - chxP - vsh2 xp + m:/m;) x 

(0) d2 
x(chxp+l)·t/J <xp)=--·fdxkshxk x 

shx P 

x {[A(x P' Xk) ·my chxp chxk + B(xp' xk)]. K 1 (xp, Xk) + 

+ A(xp,xk)mi K2(Xp' xk)}. t/J(O)(xk), 

d2 
( 4rr g2) 2 

4(217 )2 m 1 

Xp+ Xk dy ( ) - r 2 K 1 Xp• Xk - -x y ·Shy 
xP k 

K ( Xp+ Xk 
2 X p , X k ) = - ( dy • cth y 

xp-xk y2 

noeKO!lbKY 

shy = 
ey- e -y 

2 
TO Xp + xk 

K 1 (x P' X k) = 2 { dy ~ e -2ky 

xP- xk y 2 exp(y) k=O 

HecnO)I(HO noKa3aTb, 4To npH x P ... 0() 

Xp +X k dy 1 
r ---------

Xp - X k y2. exp (y) )(2 ·ChX 
p p 

10 

/3.10/ 

/3.11/ 

,. 

! 
I r ,, 

II • 

u 

~~; •' 

( 
u 
II .. 
•IJ)o 

Ii 

Xp+Xk d 1 f __ Y 

Xp -x k y 2 exp (3y) X~· ch3 X p 

H T • .Q. B pe3YilbTaTe 

4shx 
K 1 (xp' X k ) "' 2 k .• 

Xp. chxp 

KpoMe Toro, npH x P -+ "" 

1 
K 2 (x p • X k ) "' -2 . 

xp 

TaKHM o6paaoM, npH X' -+ oo ypasHeHHe npH06peTaeT BHA· 
p 

ch 3 xp ·t/J <0 >.<xp) ., ~ f dxk • shxk ![2m 1chxp • m
2
1chxp chxk + 

shx 

+ m3 ch2 xp(2 + chxk)]4shxk<xi -chxp)-1 }tfr<0>(x k). 

B HTore nony4aeM aeHMnTOTHKY B$: 

t/J (0) (x p ) 
X ->oo 

p 

const 

x2.ch3:x 
p p 

AHanorH4Hble BbiKna,QKH ,QnH ypasHeHHH /2. 11 I e TeM )l(e noTeHLIHanoM 

/2.19/ ,QaiOT 

t/J (l) (x ) 
const /3.13/ 

P X -+"" X 2. ch 4x p p p 

BH.QHM, 4TO aeHMnTOTHKa B$ tjJ (O ><xp) H tjJO>(x P) /3.12/, /3.13/ 
eosna,QaeT e aeHMnToTHKO~ /3.7/, /3.9/, KaK M cne,Qosano O)I(H,QaTb, 

nerKO BH,QeTb, 4TO HHTepnOilHPYIO~aH <j)yHKl.IMR 

= const • thx P 

Xp vx ~ + 4 chxp (chx P- h)2 

if! (0) <x p ) /3. 14/ 

o6na,QaeT KaK aeHMnTOTHKO~ /3,12/ npH X p -+ oo, TaK H npaBHJlbHbiM 
HepeilRTHBHeTeKHM npe,QeJlOM, /2,24/ npH X -+ 0 /noeKOilbKY B HepenR-

TMBI-'!eTeKOM npe,Qene r1 (Q 2) _, 1, ,To nose,Qe~He B$ t/J (O) <xp) ~ 
tfr(1)(xp) npH x ... o .QO!l)I(HO 3a.QaBaTbeR $opMynaMH /2.24//. 

B 
p v 

eny4ae BeKTOpHoro ,QHKBapKa B Ka4eeTBe HHTepnOilHPYIO~eM 

<j)yHKLIHH MO)I(HO HenO!lb30BaTb $YHK1.1HIO 81-'!,Qa 

ll 



(1) const. thx 11 t/1 <x ) = 
P x 2 chx ( chx - · h) 2 

p p p 
/3.15/ 

B HepenRn1Bl-1CTCKOM npeAene x P ... 0 B<l> /3. 15/ nepeXOAI-1T s HepenR
TI-1Bl-1CTCKYIO B<l> /2.24/, nocKOilbKY chxp ... 1 , a np1-1 Xp->"" <I>YHKLIHR 
/3.15/ o6naAaeT npaBHilbHOH acl-1MnToTHKOH, KaK 1-1 <I>YHKLIHR /3.14/, 
~<I> /3. 15/ onpeAeileHa so seeM HHTepsane H3MeHeHHR 0.::; I p I < ""· 

3AKJl104EHHE 

B HaCTOR~eH pa6oTe HaAAeHw npH6nHmeHHWe peweHHR KBa3HnoTeH-
4HailbHWX ypaBHeHHH AilR BOilHOBWX <IJYHK4HH 4aCTH4 CO CnHHaMH 0, 
1/2 1-1 1,1/2 C noTeHt.~HailOM, OTBe4aiO~HM OAHOriliOOHHOMY o6MeHy, 
a TaKme c 113$$eKT11BHbiM noTeH411a11oM OAHOriliOOHHoro o6MeHa''. 3TH 
peweHJ.1R 6YAYT 11Cn'oilb30BaTbCfl AilR pac4eTa CTPYKTypHbiX <IJYHK4HH 
H APYrHX xapaKTepHCTHK HYKilOHa KaK CBR3aHHOrO COCTORHHR KBapKa 
11 A11KBapKa, 

ABTOPW 6naroAaPHW B.r.KaAWWeBCKOMY, c.n.Kynewosy, B.A.Me~e
PRKOBy, A.A.ApxHnosy, B.H.Kanwa10 3a none3Hwe o6cymAeHI1R 
11 11HTepec K pa6oTe. 

nPHJlOlKEHI1E 

AnR coKpa~eHI1R 3an11c11 socnOilb3yeMCR 3AeCb cneAYIO~HMI1 o6o3Ha4e
HHRM11: 

12 

flO =f'10 . 
p1- p,m 1>..• 1'1 0 = 1'10 . 

p2 - p,m 2>..' 

1'10 f'10 . 
k1 = k,m 1>.. ' 

flo f'lo . 
k2 = k, m2>.. ' 

A = 1'1~1 + 1'1~2 + l'lk1 + l'lk2 + 2rn1 

B = [1'1~1 1'1'k11'1°k2 + 1'1~1 (f'lk1) + (1'1~1) 1'1kl) + 

+ rn 1 [1'1~ 1 1'1 ~2 + 1'1k 11'1k2 + (1'1~ 1 ) 2 + (1'1 'k 1) 2 
+ 

+ l'l~11'1k2+1'l;21'lk1] +rn~[(/'1~2-1'1~1) + (1'1~2-1'1kl)]- 2rn~ 

C = -[rn + 1'1o ]+-1-[(1'1o )21'1o +)\o (l'lo )2] + 
1 p1 rn2 p1 p2 1>1 p2' 

2 

+ ~ (1'1 o ) 2 _ rn¥ 1'1 o 
rn2 p2 rn2 p2 

2 2 

i ., 

i ., ~· 

~· 

H 
~~ I . 

;~. 
I•' 

j' 

I 
I 

~ .. 

. 
~ I' 

~ ~· 
I· 

·;t 
~ t \i 

' 
~ ~ ~ 
•I 

I• 

it 

D = [l'l'k2-l'lk1-rn1] + ~~[1'1°p2(1'l0p2-·1'1;1)(1'lokl-1'1~2) .... 

+ 1'1p11'1k1 (ilk1 + 2f'l'k2 )] + :i [l'l'kt (21'1°k2-1'1~2) + flk2 (.~0k2 + i\;2) + 
2 0 

rn"' 
+1'1op2(31'lop1+~2 )+(Ak1)2] + _1 [31'1~2-·Aopl-rnl]; 

tn2 
2 

1 
E = - [2/'l 0 + A 0 + 11° - m ] · 

m2 p2 Itt k2 1 ' 
2 

F = -i.\;1 fl~1 (/1~1 + 31'l~2) + rn 1 [M~2 (1'1;1 -1'1~1)

- (2(fl~l )2 + (1'1ok1) 2)) + rn~(/1~1 + 31'1~2) + 3m~ + 

+ ~211'l~1 11~21'l0k1 [1'1k1 (/1~1 + 1'1~2) + l'l~2 (l'l~1 + 311~2)] '+ 
2 

+ l'l~1 A0k2(1'l~1 ) 2 (1'1~1 + 11~2)1 + 

rn 
+ m~ll'l~1il0k2[1'l~1(t;.\~2·-fl~2)-!(/1~2) 2 ] + 

2 
m2 

+(1102)2/1~1(/'l~l +M~2)! + _1[(1'101 )2f'lok2 
P m2 P 

2 

-1'1~1 1'1°P2(11~1 + l'l~2) -1'1'k11'1°k2(1'lk1 + 1'1'kz) -

-l'l~2(1'lk1) 2 -l'l~21'lk2(31'l~2+1'1'k1)] + 

m3 m4 
+ .:l.[f'o,. 0 l'l 0 - (1'1 0 ) 2 - (1'1 0 ) 2 ] + ..:.:.:...1 (l'l 0 + l'l 0 ) . 

m2 p2 k2 p2 k2 rn 2 p2 k2 
0 2 
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flHHKeBnq A.~. H AP· P2-82-563 
PeJHITHBHCTCKHe BOilHOBble <iJyHK~HH HYKilOHa KaK CBH3aHHOI'O 

COCTOHHHH KBapKa H AHKBapKa 

!IonyqeHbi llpH6lllll!CeHHbJe aHa.JIHTHqeCKHe peUJeHHH KOBapnaHTHbiX 

TpeXMepHblX ypaBHeHHH AJIH BOJIHOBOH <iJYHK~HH <iJepMHOHa, coc•raBneH

HOI'O us ABYX qac TH~ co cnnHaMH 0 n I I 2 mm I u I I 2, c noTeH

~uanoM OAHOI'IliDOHHOI'O 06MeHa, 

Pa6oTa BblllonHeHa B fla6opaTOPHH TeopeTnqecKoH <PnsnKH OIUIH. 

npenpHHT 06DeAHHeHHOro HHCTHTyTa RAePH~X HCCneAOBaHHH. AY6Ha 1982 

Linkevich A. D. et al. 
Relativistic Wave Func.tions• of Nucleon as a Quark
Diquark Bound State 

P2-82-563 

Aproximate analy.tic solutions are obtained for the cova
riant three-dimensional equations for the wave function of 

the fermion, composed of two partrcles with spins 0 and 112 

or I and 112, with the one-gluon exchange potential.· 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

IIepeBOA O.C.BnHorpaAOBOH. 


