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YcToA4HBOCTb 4acTH4enoA06H~x o6paaosaHHA. 
I. CKanRpHaR 3neKTPDAHHaMHKa. YcToA4HBOCTb 

KynOHOBCKOrO nonR BHeWHero HCT04HHKa 

noKa3aHa YCTOA4HBOCTb AanbHOAeACTBY~~ero KynoHOBCKOro 
nonR OCeCHMMeTpH4HOro BHeWHero HCT04HHKa 8 /2+1/-MepHoA 
CKanRpHoA 3neKTPOAHHaMHKe Ha OCHOBe nHHeAHoA TeOpHH ycToA-
4HBOCTH. nony4eH~ npH6nHmeHH~e peweHHR AnR Man~x KOne6aHHA 
CKanRpHOro nonR . npoBeAeHO 4HCneHHOe peweHHe Ha 3BM 
ypasHeHH A ManbiX KoneoaHHA, pac4eTbl xopowo cornacy~TcR 
C npHfinHmeHHbiMH peweHHRMH. npoBeAeHO cpaBHeHHe C aHanorH 4-
HbiMH peaynbTaTaMH a I 1+ 1/ H /3+ 1/-MepHoA cKanRpHoA 3neKTpo
AHHaMHKe. 

Pa6oTa B~nonHeHa 8 na6opaTOPHH Bbi4HCnHTenbHOA TeXHHKH 
H asToMaTH3a4HH OHRH. 

npenpHHT 06beaHHeHHOrO HHCTHTYTS HaepHbiX HCCneaOBSHHR, ay6Ha 1979 

Kdtyshev Yu.V ~, Makhaldiani N. V., 
Makhankov V.G. P2 - 12941 

The Stability of Particle-Like Formations. 
I. Scalar Electrodynamics. The Stability 
of the External Source's Coulomb Field 

The stability of long-range Coulomb field of cylind
rically symmetric external source in 2+1 dimensional 
scalar electrodynamics is proved. The approximate solu
tions of the equation of small fluctuation of scalar 
field is obtained. The same equation is solved by numeri
cal computation, the results is in good agreement with 
approximate solutions. Comparison with the same conside
rations in 1 +1 and 3 +1 dimension is made. 

The investigation has been performed at the -
Laboratory of Computing Technique s and Automation, JINR. 
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B nocneAHee speMR ADCTHrHyT aHa4HTenbH~A nporpecc a Hay-
4eHHH Cy~eCTBeHHO HenHHeAHbiX RBneHHA, onHC~Bae~X C noMO~b~ 
3BOn~4HOHH~X ypaBHeHHA. npHMeHeHHe MeTOAa 4HCneHHOrO 3KCne
pHMeHTa Ha 3BM, C OAHOA CTOPOH~, H MO~HbiX aHanHTH 4eCKHX Me
TOADS - C APyroA, n03BOnReT ~RBHTb H H3y4HTb PRA snonHe 
HHTerpHpyeMbiX H 6nH3KHX K HHM HenHHeAHbiX CHCTeM / 11 . npH 3TOM 
3Ha4eHHe HenHHeAHbiX /conHTOHHbiX/ peweHHA 3aBHCHT OT HX yc
TOA 4H BOCTH / 2/ . tlnR npoBeAeHHR nocneAOBaTenbHOrO KBa3H Knac
CH4eCKOrO KBaHTOBaHHR yCTOA4HBOCTb COOTBeTCTBy~~HX KnaCCH-
4eCKHX peweHHA TaKme Cy~eCTBeHHa l S I . 

OAHDA H3 ocHOBH~x npo6neM TeopeTH4ecKoA $H3HKH B~COKHX 

3HeprHA RBnReTCR 06bRCHeHHe OTCyTCTBHR KBapKOB 8 CBOfiOAHOM 
BHAe 141 . Cy~ecysyeT HecKonbKO KPHTepHes, yKaa~sa~~Hx Ha Me
xaHH3M HeB~neTaHHR 14 •5 1 . CpeAH HHX HaHOOnee npOCT~M H eCTeCT
BeHH~M npeACTasnReTcR oTcyTCTBHe ycToA4HBbiX 4aCTH4enoA06H~x 

o6paaosaHHA c 4BeToM Ha KnaCcH4ecKoM yposHe paccMoTpeHHR15
: 

Ha s~wecKaaaHHoro cneAYeT samHOCTb H3y4eHHR ycToA4HBOCTH 
peweHHA HenHHeAHbiX ypaBHeHHA. 

B AaHHOA pa6oTe Ha OCHOBe MOAenH CKanRpHOA 3neKTPOAHHaMH
KH 8 /2+1/-H3MepeHHH H3y4eHa npo6neMa YCTOA4HBOCTH KynOHOB
CKOrO nonR BHeWHero HCT04HHKa, Bo BTOpoA 4aCTH pa60Tbl npo
BeAeHO aHanHTH4eCKOe H 4HCneHHOe HCCneAOBaHHe ypaBHeHHA Ma
n~X Kone6aHHA. 

1. PaccMoTpHM MOAenb 
Q 2 1 2 
.1-. = I D11 ¢I + - 4 F 

11
,_, + J11 A11 /1/ 

rAe 
D11 =a 11 -ieA 11 

F 11 v = a 11 A v - a" A l1 , 11 = 0 ,1 ,2 , 

J - BHeWHHA HCT04HHK, KOTOp~A ~ 3anHWeM 8 BHAe 

J 
11 

= Z eo 
110

8 ( x) . 
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YpaaHeH~A AB~meH~A ~Me~T B~A 

D~ </> = 0 , 

a 11 F 11V = j v + J v • 

rAe 

j v~ ie[ cp*a l1 cp - al1 cp* · ¢ 1 

HeTPYAHO B~AeTb, 4To 3Ha4eH~A 

4>= 0 , A = O, 

A 0 -I O, 

YAOBneraopA~T ypaaHeH~AM 121, ecn ~ 

AA
0

= Zeo(x). 

PeweH~e ypaaHeH~A 141 ecrb 

A0(x) = ZeG(x), 

rAe G(x)= _1_1np. 
2 rr 

P =\ X:!-t x 2 
1 2 

121 

131 

141 

151 

HccneAyeM YCT0~4~BOCTb peweH~A 13,51 no OTHOWeH~~ K Man~M 
$nyKTya~~AM none~ ¢ ~ A. 

PaccMOTP~M ¢YHK~~~ 

¢~¢' ' 

;.. =A'. 
A0 = Ze G(x) +A0. 

161 

6n~3KHe B HeKOTOpO~ CTeneH~ K peweH~~ 13,51.noACTaB~M <!JyHK
~~~ 161 a ypaeHeH~A AB~meH~A 121 ~ orpaH~4~MCA n~He~H~M 
npH6n~meH~eM no ¢' H A ~ B AanbHe~weM, AnA n~ocror~, wrp~x~ 
y ¢YHK~~~ 6yAeM onycKaTb. YpaaHeH~A MaKceenna CBOAATCA 
K CB060AH~M ypaBHeHHAM 

ri
2Ai - a iJj Aj=O, 

OTKyAa, nepeXOAA K ~MnynbCHOMy np eACTaBneHH~, HMeeM ycnoe~e 
nonepe4HOCTH ~ A~CnepC~OHHOe COOTHOWeH~e 

K1( A 
11 

= 0 , w2 = K 2 171 

4 

CneAOBarenbHO, AOnycr~~e $nyKrya~~~ nonA A, Korop~e 
nOA4~HA~TCA ycnOB~AM 171, CO apeMeHeM He MoryT yaen~4~Barb
CA ~ np~BOA~Tb K HeyCT0~4~BOCT~. AnA CKanApHOrO nonA ~MeeM 

[a0 - iZe 2 G(x)]¢ -6.¢ =0. 

PeweH~A 181 ~~eM a B~Ae 
-iwt 

cp(x,t)=e cp(x) . 

HMeeM 

rAe 

2 6.¢ + (w+qlnp) ¢ = 0, 

2 
Q=~ 

2rr 
YpaaHeH~e 191 a nonApH~x KOOPA~Harax ~MeeT B~A 

a 2 1 a 1 a 2 2 
- ¢+- -¢ +- --¢ + (w+Qlnp) ¢= 0. 
a P 2 P a P P 2 a<I> 2 

1-13 OAH03Ha4HOCT~ ¢YHK~~~ cp ~ C~MMeTp~~ 3aAa4~ cneAYeT 

cp(p,1>)=¢(p)eim<l> m=O, ±1, ± 2, .. . 

cneAOBaTenbHO, AnA cp(p) ~MeeM 

d2 1 d 2 m2 ] -¢ + --cf>+[(w+qlnp) -- ¢ =0. 
dp2 p dp p 2 

nepe~AeM K nepeMeHHO~ T=lnp, TOrAa 

¢ "- m2¢ + ( w + q r) 2 e 2r ¢ = 0. 

OrpaH~4HMCA peweHHAMH, YAOBnereopA~~HMH ycnoeH~ 

cp*cp' ... 0 npH r .... ± oo • 

PaccMOTPHM CHCTeMy 

¢ "- m 2 ¢ + (w + qr )2 e 2 r ¢ = 0, 

¢* "- m2 ¢* + (w*+qr) 2 e 2r ¢*=0. 

181 

191 

1101 

I 11 I 

noMHOmHM nepBOe ypaBHeHHe Ha cp*, BTOpoe - Ha cp, B~4TeM HX 
APYr H3 APYra H npo~HTerpHpyeM nor. TOrAa 

oo 
00 2T 2 

(¢'¢*-¢¢*') +(w-w*)f(w+w*+2qr)e 1¢1 =0. /121 
-oo -oo 
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nepBoe cnaraeMoe ypaBHeH~R 1121 c y4eTOM ac~MnTOT~4ecKo
ro noBeAeH~R ¢ paBHo Hyn~. CneAOBaTenbHo, ~Me~TCR ABe Bo3-
MO*HOCT~: n~6o w=w*, n~6o BTopoH ~HTerpan B 1121 paBHReTcR 
Hyn~. H~*e 6YAYT BbiBeAeHbl ac~MnToT~4ecK~e BbiPa*eH~R AnR ¢ . 
~3 KoTop~x cneAYeT, 4TO 3TOT ~HTerpan He paBeH Hyn~. OcTa
eTCR TOnbKO nepBaR B03MO*HOCTb. CneAoBaTenbHO, n~HeHHbiH 
onepaTop ypaBHeH~R I 101 RBnReTcR caMoconpR*eHHbiM Ha Knacce 
<I>YHKI..I~H c ycnoB~RM~ I 121 , no3TOMy paccMaTp~ BaeMble Man~e 
KOn e6aH~R o6pa3y~T nonHy~ C~CTeMy . PeweH~e 13,51 RBnReTCR 

yCTOH4~BbiM no OTHOWeH~~ K paccMaTp~BaeMbiM ManbiM <)>nyKTyai..I~

RM noneH A~ ¢ . HeTPYAHO y6eA~TbCR B TOM, 4TO peweH~e 13,51 
HeyCTOH4~BO B MOAen~ 

f =1 Dil ¢12 - K21¢12 + {-Fil;+ JllA v' I 141 

KoTopaR oTn~4aeTcR oT MOAen~ 111 Han~4~eM MaccoBoro 4neHa. 
HHKp eMeHT HeycTOH4~BOCT~ cKanRpHoro nonR paBeH K. 

B OTn~4~e o T paccMOTPeHHo ro cny4aR, aHanor~4Hoe Kyno
HOBCKoe peweH~ e B 11+11-MepHOH MOAen~ 111 HeyCTOH4~BO / 6 / , 

B 1 3+11-MepHoi1 - yCTOH4~Bo np~ q = Ze~ ' (4 77) < 112 ~ HeycTOH4~Bo 
np~ q > 112 / ?'! eM . np~no*eH~el. 

2. HccneAy eM p ewe H~R ypaBHeH~R 1101. YAo6Ho nepeHT~ 
K n ep e Me HHOH T=2(1np- ~). TOrAa yp a BHeH~e 1101 np~H~MaeT 
B~A q 

" m2 
2 r ¢ - 4 ¢ +CT e cp = 0, 1 10'I 

rA e q2 
C= - e 

16 

2w 
q 

' 8 1 
np~ 6onbW~ X T np~MeH~MO BKEi-np~6n~>HeH~e . 
CAenaeM noAcTaHOBKy 

¢ = ei ljl , 

TOrAa ~MeeM _ljl ' 2+ i 1Jl " + V = 0 , rAe v ( r )=cr 2 e' - ~ ~ 
nycTb lljl ' 2 l> lljl nl . TOrAa 

ljl ' = v' v . 

3To np~6n~*eH~e cnpaBeAn~Bo np~ 

I 2 ~v I « I vI . 
T.e. 

- rl 2 - 12 
1 r+ 2 e ------ _1_1 ' r e _, ' << 1 

y c 2;-:2 z;- m2 e-' ) 3 / 2 - 2yc 
4r 2 

6 

1151 

1161 

B~4~cn~M ljl " c noMO~b~ 1151, TOrAa 

IJI ' ::: v'--;(1 + .!_ --fff ), 
4 v 

IJI :: f v ~ d r + L ln v . 
4 

CneAoBaTenbHo, np~ 6onbw~x r. KOrAa 
1161, o6~ee peweH~e ~MeeT B~A 

co6n~AaeTCR ycnoB~e 

T --if vvd'] I T -
1 i \1 V dT 

¢ - -;r:= [ A +e +- A e 
vv 

1 -rl 4 i\o 7 / 2(T- 1/2)e'l 2 - iVcl 2(r-t l 2)e' 12 

]. 

I 171 

= -;=;:=- e [ A+ e + A e 
y r -

B oKpecTHOCT~ r = 0 p ew eH~ e MO*HO nony4~ T b B B~Ae Pf1Aa 

rAe 

¢ ~ :E ar" 
n 2. 0 n ' 

m2ao 
a2 -~ 8-

2 

2 
m a 1 

a3= -~ 

a o ( __m_ _ e J. 
a4 -- 12 32 1181 

1 m4 
a 5 ~ -f ( - -c)a 1 -c a 0 1, 

20 96 

BcneACTB~e n~He~HOCT~ ~ OAHOPOAHOCT~ paccMaTp~BaeMo ro yp a BH e 
H~R, He orpaH~4~BaR 06~HOCT~, MO>HHO <)>~KC~pOBaTb a 0 • Hanp~Me p , 

ao = 1 , TOrAa BCe OCTanbHble K03<)><)>~1..1~eHTbl pa3nO>HeH~f1 GYAY T 

BbiPa*eHbl C noMO~b~ a I . 

B o6nacT~ 6onbw~x ~ OTP~llaTenbHbiX r IB cny4ae m ;f 0 I 
4neHOM C 3KCnoHeHTOH MO>HHO npeHe6pe4b, TOrAa HepacTy~ee 
peweH~e 6yAeT ~MeTb B~A 

<b- Aem'2 
1191 

,[\nf1 cny4af1 m= 0 ~ 6onbW~X OTP~I..IaTenbHbiX T B Ka4eCTBeHHOH 
Teop~~ A~<ll<!JepeHI..I~anbHbiX ypaBHeH~i1 HeT 4eTK~x pe3ynbTaToB

19
' 

o noBeAeH~~ peweH~H. nony4~M np~6n~*eHHOe peweH~e. CAenaeM 
nOACTaHOBKY ¢'/ cp= lji,TOrAa ypaBHeH~e 1111 np~MeT B~A ypaB
HeH~f1 p~ KKaT~ 
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'P' +'P 2 +cr 2 er =0. 

nocneAHH~ 4neH 6yAeM C4HTaTb B03My~eHHeM. PeweHHe 6yAeM 
HCKaTb B BHAe 'P='P0 +'P 1 · 

'Pc) + 'P; = 0, 

'P =...,._a __ 
0 1+ar 

rAe a - HeKOTOpaR KOHCTaHTa, 
ArJR B03My~eHHR 'P 1 HMeeM 

, 2a 2 2 r 
IJI 1 +---IJI1 +1J1 1 +ere =0. 

1+ar 

2 
npeHe6peraR 4neHOM 'P 1 , nony4HM 

'P' + 2a 'P1 + cr2er = 0. 
1 1 + ar 

/20/ 

/21/ 

06~ee peweHHe OAHOPOAHO~ 4aCTH ypaBHeHHR /21/ HMeeT BHA 

'P1 =_A __ 
(1+ar)2 . /22/ 

noACTaBHM /22/ B /21/, np~ 3TOM ~ npeAnonaraeM, 4TO a He 
RBnReTCR Mano~ H nonom~TenbHO~, A 3aBHCHT OT r, TOrAa 

A' 
(1+ar)2 + cr2er = 0, 

T 2 T T 
A = - c f (1 + a r) r2 e = - c P 

4 
( r ) e +A 0 , 

rAe 

P4 Cr)= a2 r 4 + 2a(1-2a)r 3 

+(12a2 -6a+1) r 2+(-24a 2 +12a-2)r + (24a2 -12a+2). 

2 
npeHefipemeHHe 4neHOM IJI1 onpaeAaHo npH A 0=0. PeweHHe ypae-
HeHHR /21/ HMeeT BHA 

a P 4 (r) r 

'P = 1+ar-- c (1+ar)2 e 

cneAOBaTenbHO, 

8 

f rqr dr 
¢=e . = (1+ar)e cP2(r)l 

.. 

~CHO, 4TO 3TO peweHHe He o6naAaeT HymHO~ aCHMnTOTHKO~ 
(¢-. 0. r -> -""). no3TOMy 6yAeM C4HTaTb, 4TO ypaeHeHHe I 11/ 
npH m= O He o6naAaeT ~HTepecy~~HM Hac peweHHeM. CneAoea
TenbHO, Manbte ¢myKTYa4~H peweH~~ /3.5/ nOA4HHR~TCR ypaBHe
H~~ /10'/ npH m_.k0 H npH 6onbWHX, ManbiX H 6onbWHX OTPH4a
TenbHbiX r BeAyT ce6R cornaCHO /17/, /18/ ~ /19/, COOTBeT
CTBeHHO. OfinacTb m2 - cr 2 er TPYAHa AnR aHanHT~4eCKoro pac
CMOTpeH~R, OAHaKO RCHO, 4TO H B 3TO~ o6naCTH peweHHe BeAeT 
ce6R perynRpHo. 

HaMH npoBeAeHo 4HcneHHOe peweH~e ypaeHeH~R /10'/ MeTo
AOM PyHre-KyTTa 110 ' Ha 3BM. 

An.A 4~cneHHoro peweH~R ypasHeHH~ Manbtx KonefiaH~i1 pac
cMaTp~eaeM perynRp~aoeaHHY~ aaAa4y. 

nyCTb 

qlnp0 • p <p 0 

Ao = ~ /23/ 
qlnp. P >po 

BHYTPH oKpymHoCTH P <p0 
B~A 

ypaeHeHHe Manbtx KonecaH~i1 HMeeT 

d2 
- ¢ 
dp2 

1 d 2 m2 
+ - - ¢ + [ ( w + q ln p ) - -] ¢ = 0 • 

p dp 0 p 2 

perynRpHbte peweH~R 3TOrO ypaBHeHHR COBnaAa~T C $yHK4~RMH 
EieccenR / ll-' 

¢m = Jm(kp), 

rAe 

k 2 = ( w + q ln p 0 ) 
2 • 

BHe oKpyw.HOCTH ~MeeM ypaeHeHHe /10/. AnR ofiecne4eHHR 
rnaAKOCTH peweH~i:i AOCTaT04HO HanomHTb ycnOBHe CWHBaHHR 

¢' J~ 
T lp=po = -:r:- . 
HenpepbiBHOCTb peweHMi1 npH P=Po ecerAa MomHo 

TaK KaK ypaBHeH~/it9~Hei1HOe. <!>yHK4HR Eieccem:t Jm 
HMeeT noBeAeH~e 

J m(kp) - ( kp) m ' 

no3TOMY ycnoe~e /24/ AaeT 
¢' -1 =-':!!. 
¢ P=Po Po 

/24/ 

of'ecne4HT b, 
npH Manblx p 

/25/ 
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np11 m=O 11 MaJlbiX p 

( 1 2 J0 kp) =1- ( 2 kp ) . 

11 113 YC110BI1H /24/ CJleAyeT 

.1'~ 1 _ 1 2 1 2 
¢ P=Po -- 2k Po = - 2(w+qlnpo) P0 

/26/ 

__ 1 q 2p ln 2 
- 2 o Po · 

rpaHI14Hble YC110BI1H /25/, /26/ AJlH ypaBHeHI1H /10'/ 11 He3aBI1-
CI1MO~ nepeMeHHO~ r 11Me~T B11A 

£ 1 =m / 2, cp T = To 

¢' -:z-1 _ 2 T 
'+' r=ro --cr0 eo 

H11>Ke npi1BeAeHbl rpa<)li1KI1 411CJleHHbiX peweHI1~ AJ1f1 cny4aes 
m= 0,1,5,10. War KOOPAI1HaTHO~ ceTK11 pasHHJlCH 10-4. 411cneH
Hble peweHI1R cornacy~TCH c npi161111>KeHHbiMI1 peweHI1RMI1 I 17/, 
/18/' /19/ *. 

lf 

-'3 7-

P11c. 1. noseAeHI1e peweHI1~ 

ypaBHeHI1H MaJlbiX KOJlefiaHI1~ 

/10'/ OT nepeMeHHO~ 

r =2(lnp- ~); np11 m=1 
q 

1(L ¢ (-3)=,01 , ¢ '(-3)=,01 , 
¢ (1.)=2,04, ¢ . (1,6)=-1,18 max nun _

3 
_
3 np11 m = 5 ¢ ( -3)=10 ,¢ ' ( -3)=5-10 , 

<P m aP•6)~,51 , ¢min (2.)= -5,64; 

np11 m=10 ¢ (-2) = 10·5 ¢ '(-2)=10·4
• 

8 • 
¢ (1,9)=,24.10 .¢ . (2,2)= max m1n 
=-, 16.10 ~ 

* Pac4eTbl 6b1Jll1 npoBeAeHbl Ha 3BM CDC-6500.0AI1H sap11aHT 3a
HI1Man npi1MepHo 130c pa6o4ero speM~HI1 ~eHTpanbHoro npo~ec
copa. 

10 

• 

P11C. 2 . noseAeHI1e peweHI1~ 

ypaBHeHI1H /10'/ np11 m=O 

¢(-3)= 1. . ¢'(-3)= - ,08, 

¢ (-3)= 1. . ¢ - (-1,6)= -,26. '1- ''2:;1. 
max nun 

Ha OCHOBe npoBeAeHHOrO 11CCJleAOBaHI1R MO>KHO 3aKJ1~411Tb, 4TO 
peweHI1e /3,5/ B MOAe1111 /1/ HBJlHeTCH YCT0~411BbiM, a B MOAeJ111 
/14/ - HeyCT0~411BbiM. Pe3yJlbTaT nolly4eH Ha OCHOBe Jli1He~HOM 
TeOpl111 yCT0~411BOCTI1 11 He 3aB11CI1T OT BeJ111411Hbl BHeWHero 11C
T04HI1Ka. KpoMe Toro, npoBeAeHo aHaJ111TI14ecKoe 11 411CJleHHoe 
11CCJleAOBaHI1e ypaBHeHI1R MaJlbiX B03MYII\eHI1 ~ CKallflpHoro nOJlH. 

ABTOPbl 6naroAaPHT A.B.WI1pKosa 11 E.n.~I1AKOBa 3a 11HTe
pec K pa6oTe 11 none3Hble o6cy>KAeHI1H. 0AI1H 113 astopos 
/H.B.MaxanAI1aHI1/ 6naroAaPI1T ~.n.ooron~6cKoro, A.A.BnaA11MI1-
posa, A.~.Ka3aKosa, A.B.KyAI1HOBa, HryeH Xb!y MoHra, A.A.Pac
Topryesa 11 O.K.nawaesa 3a o6cy>KAeHI1H. 

nP~nOlKEH~E 

XapaKTep HeycT0~411BOCTI1 peweHI1H /3/ Ka4eCTBeHHO MO>KHO 
nOHRTb CJleAY~II\11M o6pa30M , PaccMOTPI1M 3Heprl1~ CKallRPHO~ 
4aCTI1~bl BO BHeWHeM none 

E =v --p2 _;:-;2 _qG (x), 
1n11 

rAe 1 -2 1 xl. 1+ 1 113MepeHI1e 

1 a = 1 2; ln p, 2 + 1, 

1 1 3 + 1 - 4;"-

1 1 
- (D-2) o-;;- ;-n - 2 · D+ 1, D ~ 3 . 

q = ze 2 

f!D- Belli1411Ha TeJleCHOrO yrna B D -MepHOM npOCTpaHCTBe. 
Co6cTBeHHoe 3Ha4eHI1e onepaTopa ~ 2 MO>KHO npeACTaBI1Tb 

B B11Ae 
... p 2 - 2 M2 

-P + -r r 2 ' 

II 



B 11+11 npoCTpaHCTBe-apeMeHH, 

M 2 =n 2
, n = O, ±1 , .. . , a 12+11 H3MepeHHH 

M 2 = e u + 1). e = o . 1 • • • • • a 1 3+ 1 1 H T. A • 
B~pa~eHHe 1n11 He orpaHH4eHO CHH3y B 11+11 H3MepeHHH npH 

6onbWHx X H npoH3BOilbHOM Z, cneAOBaTeilbHo, HMeeTC.R afico-
IliOTHa.R HeycTo!;i4HBOCTb. B 12+11 H3MepeHHH npH n"' 0 3HeprH.R 
orpaHH4eHa CHH3y H npH MaJlbiX H npH 60JlbWHX p, OTCIOAa a6COJ110T
Ha.R ycTo!;i4HBOCTb. B cny4ae n=O, KaK 6biilO rioKa3aHo a AaHHo!;i 
pa6oTe, He CyiJieCTByeT COCTO.RHH.R THna MaJlbiX KOile6aHHi1. B 13+11 
H3MepeHHH xapaKTep~ noBeAeHH.R KHHeTH4eCKQ!;i H noTeH~HaJlbHQ(;i 

z 2-
4aCTe!;i ypaBHeHH.R 1n11 OAHHClKOBbl-11r,no3TOMY,KOrAa q=

4
: > yf(f+1), 

3Hep rH.R He orpaHH 4eHa CHH3Y npH MaJlbiX f - 11 naAeHHe Ha ~eHTP 11 • 

DOilee T04HOe paCCMOTpeHHe Ha OCHOBe ypaBHeHH.R ABH~eHH.R 
c y4eToM acHMnTOTHK peweHH!;i AaeT Ail.R HeycTo!;i4HBOCTH ycnoaHe 

q> v' P (P +1) + 114 . cneAOBaTen bHO, npH P. = 0 , q> 112. B npocTpaH-
CTBax C pa3MepHOCTbiO 0> 3 3HeprH.R BcerAa He orpaHH4eHa 
CHH3Y npH MaJl~X r- HMeeTC.R naAeHHe Ha ~eHTp. 
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