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rpHWHH B.E. H AP· P2 - 12359 
AHHaMHKa eaaHMOAe~CTBHR conHTOHOB a MOAenH KOMnneKcHoro 
CKanRpHOrO nonA C HenHHe~HOCTbO BHAa J~ x J~ 

MeTOAOM 4HCneHHOrO 3KcnepHMeHTa Ha 38M HCCneAOBaHa AHHaMHKa 
B3aHMOAe~CTBHR 3apR*eHH~X COnHTOHOB B paMKax penRTHBHCTCKH·HHBa· 
pHaHTHoro ypaaHeHHR Kne~Ha-ropAOHa c HenHHe~HOCTbO BHAa TOK x TOK . 
B peaynbTaTe HccneAoBaHHR KnaccH$H~HpoaaH~ THn~ B3aHMOAe~CTBH~ 
H o6Hapy*eHo PO*AeHHe AOnonHHTenbHoro conHTOHa. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~4HCnHTenbHO~ TeXHHKH 
H aBTOMaTH3a~HH OHRH. 

Coo6meHHB 06bellHHeHHOro HHCTHTyTB smepHbiX HCCnellOBBHHR, ny6Ha 1979 

Grishin V.E. et al. P2 - 12359 
Soliton Interaction Dynamics in the Model of Complex 
Scalar Field with the Nonlinear Term of the Form J~ x J~ 

By computer experiment the charged soliton dynamics in the 
framework of the relativistically invariant Klein-Gordon equation 
with nonlinear term of the current x current form is investigated. 
Interaction types have been determined and the production of an 
additional soliton has been observed. 

The investigation has been performed ~t the Laboratory 
of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

C) 1979 06•eRIIIIBIIIIW. IIIICI'flryT 11/lBpllblll. IICCIIfiJlOIJBIIII. Jly611e 

CBJI3H C TeM , 'ITO DpHMeHeHHe Teop88 B03M:{meH8H .ll.Jlll OD8" 

caH8JI\ CHJibHbiX B3aHMO.D.eHCTB8H OKa3aJIOCb HeB03MO)f(HbiM 83 • 3a 

60JibWOH BeJI8'18Hbl KOHCTaHTbl CBJI38, B DOCJie.D.ifee BpeMJI 0)f(88HJICJI 

8HTepec K KBaHTOBoii Teop8H nom1 /uea6eneBbl Kana6poBO'IHLie Teo· 

p88 , cnOHTaHHOe HapyWeH8e C8MMeTp88, HeJJOKaJILHaJI TeOp8ll DOJIJI, 

.IJ.8HaM8Ka COCTaBHbiX MO.D.eJieB a.IJ.pOHOB/. ,li;OCTaTO'IHO yno· 

MJIHYTL, 'ITO Ha86onee y.D.a'IHOH 83 COCTaBHbiX MO.IJ.eJieB JIBJI.ReTCJI 

KBapKoBa.R . Cornacuo :noii MO.D.enu, KBapKH, o6na.D.awmue 6onLwoA 

3aTpaBO'IHOH MaCCOH, .ll.B8)f(yTCJI DO'I'FH CB060.D.HO B CHJILHOM CaMo· 
I 

cornacoBaHHOM none, KOTOpoe no'ITB Ha'IBCTO "c'be.IJ.aeT" 8X Macey. 

llOJTOMY J4J¢eKTHBHall Macca KB~pKOB OKa3b1BaeTCJI MaJIOH, 8 B 

CB060.IJ.HOM COCTOJIH8H OHB He n?BJI.RIOTCJI. 0\feB8.D.HO, 'ITO peWeHBJI 

MO.D.eJieB C noTeHUBaJiaM8 B3aBMO.D.eBCTB8.R T&na "MeWKOB" COOTBeT· 

CTBYIOT HeJIOKaJILHbiM 06'beK1'llM, B He MOryT 6b1Tb On&CaHbl He· 

nocpe.D.CTBeHHO B TepMBHaX fiOKaJILHbiX KBaHTOBbiX TeOpBH nOJill. 

0.D.HaKO nO.D.06HOe KBapKOBrle o6pa30BaH&e MO)f(HO nOJIY'IBTb B B JIO• 

KaJILHblx Teopu.ax noJIJI, elnu ucnonL3oBa TL noKaJIB30BaHHble I con&-
I 

TOHHble/ peweH8.R KJiaCCB'IeCKBX HeJIBHeHHbiX ypaBHeH8B TeOpBB DOJI.R. 

l>biJIO noKa3aHO / l fo/. 'IT~ COJIBTOHHbiM peWeHBJIM ypaBHeHBB 

KJiaCCH\feCKOB TeOpBB nOJIJI COOTBeTCTBYIOT \faCTBUbl B KBaHTOBOH 

TeOpBB nOJI.R. llp~y\feHHble npB KBaHTOBaHBB COJIHTOHOB \faCTBUbl 

B BX CBJI3aHHble COCTOJIHBJI .D.aiOT 6oraTbiB cneKTp Mace, KOTOpbiB 

HeJIL3.11 DOJIY~B l. C nOMOinLIO o6bi'IHOB TeOpBB B03MytneHBH . K co· 

)f(aJieHBIO, yc XB npB DOC~pOeHBB KBaHTOBbiX peweHBH .IJ.OCT8rHyTbl 

B OCHOBHOM .IJ.Jl.ll MO.D.eJieB TeOpBB DOJI.R B .D.BYMepHOM npOCTpaH· 

CTBe·apev~HB. B CBJI3B C JTBM .ll.Jl.R foro, 'IT06bl 06'b.RCHBTL CO· 

JIBTOHHblr MeXaHB3M o6pa30BaHBJI cneKTk MaCC B \feTblpexMepHOM 

npoc~pa CTBe·BpeMeH8, He06XO.Il.BMO np~~.D.e BCero 8MeTL .IJ.OCTa· 

TO'IHO OJILWOH Ha6op np8MepOB COJIBTOHH~ peweHBH KJiaCC8'1eC • 

KBX paBHeHBH TeOp88 DOJIJI B .D.~YMepHOM DpOCTpaHCTBe·BpeMeH8. 
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8 HaCTOJIJlleH pafioTe C flOMUJllbiO 'IHCJJeHHOrU )KCIICpHMetrra 

Ha 38M HJy'laeTCJI JlHHaMHKa B1aHMUJlCHC fDHll CO JIH fOliO!! I 

8 paMKaX MOJleJIH KOMnJJeKCHOrU CKaJJJipHoru flOJill C CaMOJlCHC fHH· 

eM THna /TOK TOK/. 11Mee fCll B BHJlY MUJlCJib TeopHH II Oil II 

C flJIOTHOCTbiO JJarpaH)f(HaHa 

r.lle 

\.' 
•J •) •J 

d <b ~ - Ill ~ 0 · 
fl 

tr tl 
,.., I ~& g, .l .I f l 

•. /1 . 

J _ i_ < -~ •a -~ - -~J -~ "l 11 o 1. 
fl 2 'f' II 'f' 'f' /1 'f' • ' 

YpaaHeHHe .llBH)f(eHHJI 

2 ') •) •J 
( o t m )cp ~ 2g

1
!¢1-,f> t g

2
(r.)il

11
c1> "' - c!J'(iJ

11
,!J)-

t -~- ¢ 2a J 11 0 ·•- --~ , <h i ~a 11 110 l 
2 /1 :.! /1 

HMeeT 'laCTHUeflOJlOfiHOe /l.IO/ peweHHe: 

¢ \ _!!!.~-- <:! 
2
_ ---~~.PJl.P...rSL-_Y~_,_.§2L 
2 -- ---·----

g 1 -t g 2 ..., , ch hi m 2 - cv 2 y ( x - vt ' x ) I 
0 

r.ne 

y = (1-v2)-112, D = ±1. 

/I/ 

/2/ 

/3/ 

B pa6ore ;,; a JIHHeiiHOM npH6JIH)f(eHHH reopHH BOJMyl.lleHaii 

HCCJie.llOBaHa yCTOH'IBBOCTb peWeHHB /2/ KaK B npOJlOJibHOM, TaK 

H B nonepe'IHOM HanpaaneHHJIX. b~JIO YCTaHOBJieHO, 'ITO peWeHHJI 

/2/ a wapoxoii o6nacTH .nonycTHMbiX JHa'leHaii napaMeTpoa g 
1 

, 

g , m a ru JIBJIJIIOTCJI ycroii'IHB~MH. B pa6ore u MeTOJlOM 'IHC • 
2 

neHHoro 3KcnepHMeHTa Ha 3BM Haii.lleHa o6nacrb ycroii'faaocru 

COJIRTOHOB KaK li!YHKUHJI napaMeTpOB MOJJ;eJIB g I H g 
2 

8 3TOH 

o6nacra qn peweHHJI y.noaneraopllroT Heo6xo.naM~M ycnoaaJIM 

ycroii'IHBOCTH, nony'leHH~M a !5.7!. 

)J.nll npocTOT~ paccMOTpRM cny'faii g 
1 

O; Macey HJMepJieM 

B e,nHHH~ax m 
2 

= 1.· HopMHpOBKY BOJIHOBOH li!YHk~RH B~fiHpaeM H3 

YCJIOBRJI g 2 = 1. 

4 

~YHK~HOHaJI~ 3HeprHH 

E 
00 

2 2 12 2 r dx[(l¢ I + I<P I l-<- - 1<1> 1 + 1) + I<P I -
- oo t X 2 

- _!. (¢ 2 + <I> 2) <I> * 2 - _1_(¢ * 2 +<I> * 2 )¢ 2 ] 
4 t X 4 t X ' 

HMnynbca 

00 2 
p = r dx[¢ ¢* + <Pt* <I> + _1_ 1¢ 1 (<f>t ¢* + <l> *t<l> ) -

- oo tx x2 X x 

_ _1_( .4. 2¢ * ¢ * +<1>* 2¢ <I> )] 
2 'f' t X t X 

H 3apll,na 

Q = 
00 2 r dx(¢ * ¢ -¢ ¢ * )(1 + 1<1>1 ) 

- oo t t 

JlJIJI peWeHHJI /3/ llpHHHMaiOT 3Ha'feHHJI 

E = My, P = Mv y, 

--~2 +w 2 ) y' 1-w 2 4 A(3-A2) v'1-A2 
Q - - --- ----------- = --· --------------

3 3w 3 (1- A 2)2 
/4/ 

r.a;e 

M -~Y.!_-:._~3 __ = ---~~---
w 2 1 - A 2 

/5/ 

A =v' 1-w2, 

l\1 • Macca COJIRTOHa B CRCTeMe llOKOJI. 

)l.RHaMHKa B3aRMOJleHCTBRJI llll peWeHHB /3/ Ha6nro,nanacb 

B cepRH 'IRCJieHH~X 3kCllepHMeHTOB, COCTOJIJlleil H3 22 CeaHCOB. 

3xcnepHMeHT~ MO)f(HO pa3.a;enHTb Ha .nse rpynn~. llepaaJI BKJIIO· 

'faeT B cefill 3kCllepHMeHTbl, B KOTOp~X CTaJIKHBaiOTCJI COJIHTOHbl C 
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Puc.1 . CAa6oHeynpyzoe a3au.Mooeiicmaue 
HblMU 3ap.JIOa.Mu (D 1 D 2 f 1) a/ A 1 
M ~ lo 1 - o 2 I c o ; 6/ A1 " A2 o.9 ; 
a/ A 1 ~ A 2 , 0,9; v1 - -v 2 0 .9; 1'-.o , "· 

6 

a/ 

6/ 

s/ 

COAUIIIOH06 C pa3HOUMeH
A 2 0.7; v1 ~ - v 2 ~ 0,9 ; 

v t ' - v 2 0,9; t\ o - " / 2 i 

O.L\HHaJ<oBhiMH aMnnHTY.LiaMH H exopoeT.KMH (A 1 ~ A 2 , V l ·~ -v2 ). Ko 

BTOpoA rpynne OTHOeRTeR 3KCrreprrMeHThl, B KOTOphiX Heene,L~yeT 

eR .L\HHaMHKa COllHTOHOB C pa3nH'IHbiMH aMIIllHTY.LiaMH ii eKopoeTRMH 

( A 1 " A2, v 1 ~ v , v 2 ~ O). Pe3ynbTaT!>! aeene.LIOBaHBR npaae,LieHbi 

Ha puc. 1- 6 B eBe.IJ,eHbl B ma6AUIJY. 

B nepaoA rpynne 'IBeneHHbiX 3KenepaMeHTOB o6Hapy)l(eH 6ora

ThiA eneKTp B3aBMO,Lieii:eTBBH B 3aBBeBMOeTB OT Mace Cuii.iiTuiiG.D 

/BnH, tfTC TO )l(e, OT A BllB (u /, BX 3apR,L\OB (0) B CKOpOeTeii: (v) ; 

1/ ena6oHeynpyroe B3aBMO.IJ,eii:eTBBe /puc. 1/; 

2/ Heyrrpyroe B3aBMO.IJ,eii:eTaae I puc. 2/; 
3/ pO)I(.LieHBe .LIOIIOnHHTenbHoro eonaToHa I puc. 3/. 
llepBbiH THII B3aHMO,LieHeTBHR Ha6niO,L\aneR IlpH eTOllKHOBeHHH 

eonHTOHOB e O,L\HOHMeHHbiMH 3apR,ll,aMH H 'leTKO rrpoene)I(HBaeTeR 

Ha puc.1a,6. 0TMeTHM, 'ITO B MOMeHT MaKeHManbHOrO e6nH)I(eHHR 

eonHTOHOB OHH He rrepeKpbiBalOTCR /Me)I(,Liy HHMH o6pa3yeTeR y3-

KHH 3a:wp_/. BTopoii: THII Ha6nro.IJ,aneR npH eTOllKHOBeHHH eonHTOHOB 

e pa3HOHMeHHi.i!!H 3apR,LiaMH I eM . puc. 2a, 6/, npH'IeM a a 3TOM 

enyqae npH ;\(j - rr eomfTCf!bi B MOMeHT eTOllKHOBeHHR He nepe

KPbiBaroTeR /eM. puc. 2ej , 
HaH6onee HHTepeeHbiM, e HitUieH TO'IKH 3peHHR, RBnReTeR 

TpeTHH THII B3aHMO,Lieii:eTBHR, noeKOnbKY PO)I()J;eHHe .L\OIIOllHHTeni> 

HOrO eonHTOHa IlpH Hecne,LIOBaHHH .L\HHaMHKH CCflHTOHOB B paMKaX 

.LIBYMepHbiX MO.Lieneii: TeopHH nonR paHee He Ha6nro,Lianocb. Kax 

IIOKa3allH paeqeTbl, pO)I(,LieHBe TpeThero eonHTOHa HMeeT MeeTO 

IlpH eTOllKHOBeHHH .LIBYX COllHTOHOB e O.L\HOHMeHHhiMH 3apR,LiaMH 

(iJ 
1 

,- D
2 

~ ' 1) H .LIOeTaTO'IHO 6onhWHMH MaeeaMa (A.;:0,8) . Po)I(,Lie

i!Be .L\Oh~nHHTenbHoro ~onHTOHa noKa3aHo Ha puc. 3. He

ene',llQBaHae npv.80.LIHnOeb nawb .!JnR eny'laR :\ & -- 0 /eM. ma6AurJy/. 

Ha puc. 6a .npe,LieTaBJteHa <!JyHK~BR ~1(w) , .L\llH KOTOpOH Bbi,LieneHbl 

xapaxTepHhle o6iJaeTH I- I I I. Ha puc. 66 npe,LieTaaneaa KoHe'IHa11 

eTa.LIH11 eTonKHOBel~(H11 .LIBYX conHTOHOB / t · t 0 , t 0 - HaqanbHbiii: 

MOMeHT BpeMeHB/ II}">H V = 0,6 B 1'-.o = 0 KaK <!JYHK~BH qaeTOThl W • 

B HHTepaane 0,6 .- w . 0,8 npoaeXO.L\HT paena.IJ, epe,LIHero com:~· 

TOHa e H3lly'leHHeM H~lnpyrHX BOJlH /CM. cnyqaii: w = 0,8/. 

Tipa 0,8 < w < 1 Ha6nro,LiaeT\.-: 11 nepexo.LI Heynpyrax aonH B KBa3ayn

pyrae. 

B 3KenepHMeHTaX BTOpOH .rpynnbl Beene,LIOBaHO B3aHMO,ll€~-

eTBHe nerxoro /npo6Horo/ eonaTDHa c TH)I(enbiM eonaTOHOM-

'7 



a/ 

61 

B/ 

Puc. 2. Heynpyzoe e3aUMooeuc•eue cf"lUIIIOHoe c pa3HOUMeHHbJMU 
3apJrOaMu (D 1 - 1:D2 - -f.a/A 1 -, f";:, 0,!'"; v 1 -, -v 2 0.9; ;\,8 ~ 0; 
6/ A 1 ~A 2 ~ 0.9 ; v 1 ~-v 2 ~ 0,9 : t.o ~ "/ 2; ; e/ A 1 ~ A 2 ~ 0 ,9; 
Vl =- V 2 ~0,9 j 6.o = 77. 

8 

lit 
I 

(~ 

0 -'.:18 

Puc . 3 . PoJICOeHue oonoAHUIIfeAbHOZO COAUIIfOHa npu D 1 ~ D2 ~ 1 ; 
A 

1 
A 2 .-. 0.9 ; v 1 - - V 2 ·· 0 ,6 ; 1\o ~ 0 . 

Ji <'PYITDH 
<IKCllCpHMCHTOB 

I 

II 

Ta6Aufla 

.A!.mm!TY8a CKopocTb 3ap!!J! ~~HOCTb llpHMeqai!Jie 
A, A~ ,_, c·lt'a.• cr 1>. » .. 46 

I llpH»-=~= +I-0,5 0,5 0,9 + - 0 • cJiaclOHeYuPyroe 
o,9 o,9 o,9 + -1'1/2, rr M~IOOt!SicTBI!e 
0,7 0,7 0,9 + + O 2.llpH D.= +I,Jl= -I-
0 9 0.9 0.9 + + n'/2. 1T HCYI!Pyroe B3CU!MO-

• 8CACTBIIC CO~TOHOB 

0,9 0,9 

.4c. ...... 

0,6 0,9 

0,07] 0,2 
0,4 
0,6 

0,9 

v-, v-... 

0,9 0 

+ - 0 
+ + 

l>, .l>_, t~&" 

+ - r:2 

+ . r;, 

I.llpH l>I=~= + I -
poli.IleHHe TpeTbero 
COJlliTOHa 

2.llpH l>I=+I, .P2~I
CJia00HCyripyroe 
B9al!M08CACTBI!e 
CO~TOHOB 

0TTaJIKI!Bai!Jie 
CO~TOHOB 

llpoXOliJl;CIIJ!e 
COJlliTOHOB 

9 



a/ 

6/ 

a/ 

Puc. 4 . B3aUMOOeUC1116Ue npo6HOZO COAUIIIOHa C nOICOJIIqUMCJI IIIJIJKe

AbiM COAUIIIOHOM-MUIUeHbiO 6 CAy'lae oc)HOUMeHHbiX 3apJ1c)06 

(D 1=D2 =+ 1). A 1 = 0.6; A2 - 0,9 ; v1 -, 0 .9 ; v2 ~ o. Pacnao 

HaAelfQIOiqezo COAUIIIOHa 6 npO~Jecce 63QUMoc)eiiC1116UJI C MUIUeHbiO 

npu ~o = 0 /a/ u t-.0 =" /6/; 6/ npoxoxoeHue HaAemaJO~qezo coAu

•oHa c U3Ay'leHueM cAa6oHeynpyzux 60AH (i\o ,_, ';"! . 2). 

10 

a/ 

6/ 

a/ 

... 

Puc. 5. B3aUMooeiiclf6Ue npo6Hozo coAu,oHa c noiCOJIUIUM CJI IIJIJKe

AI>IM COAU.OHOM- MUIUeHbiO 6 CAy'lae pQ3HOUMeHHbiX 3 QpJf006 / "o•
IIQAICU6QHUe"/. D 1 . 1; D2 - 1 a/ \o O; 6/ \o TT 12; 6/ 11o- TT • 
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MBWeHbiO. flpo6HLIB eOJJBTOH e 60JJbWOB KBHeTB'IeeKOB 3Heprseii. 

eTaJJKHBaJJeJI e noKOJIIUHMeJI (v ~ 0) TJI)I(eJJLIM eoJJHTOHOM I eM. 

puc. 4,5/. tiaeneHHbiB JKenepsMeHT noKaJaJJ, 'ITO B enyqae o.n;Ho

BMeHHLIX JapJI.n;oa (D 1 ~ D 2 ~ 1) Ha6JJJO.n;aeTeJI sJaHMHoe npoHBKHO-

BeHBe /"npOXO)I(.IJ;eHBe"/ eoJJBTOHOB .n;pyr B .n;pyra. flpB f'lo = rr/ 2 
HaJJeTaiOIUBA eOJJHTOH npaKTB'IeeKB eoxpaHJieT eBOIO cllopMy noeJJe 

B3aBMO.IJ;eHeTBBJI e MBWeHbiO /eM. pUC. 46/, DpB'IeM B3aHMO.IJ;eii.

eTBBe eoJJBTOBOB eonpOBOlK,D;aeTeJI B3JJy'leHBeM eJJa6oHeynpyrHX 

BOJJH. flpB f'lo = 0 B TT HaJJeTaiOIUBB eOJJBTOH B npol.leeee B3aBMO

.n;eHeTBBJI paena.n;aeTeJI,, a Ha6JJJO.n;aeTeJI BJJJy'leHae Heynpyrax BOJJH 

/eM. puc. 4a,6/. 
B enyqae paJHOHMeHHLIX JapJI.D;OB (D 1 = + 1. D2 ~ -1) npoaexo

.IJ;HT OTTaJJKBBaHBe eOJIBTOHOB B npOI.leeee BX B3aHMO.IJ;eBeTBHJI 

/eM. puc. 5/. 

M 

ml v 

o. 

a/ -20 
o" 

6/ ao 
~ " X 

Puc. 6. 06AaC11U cyJ~~eCfi606aHUJI u pacnaoa •petnezo /cpeoHezo/ 
coAUIIOHa. I - o6AaC11b cyU~eC11606aHUJI 111pex coAU1IIOHo6; I I - o6-
AaC11b pacnaoa 3- ZO COAUIIIOHa C U3Ay~eHUeM Heynpyzux 60AH; 
III - o6Aac111b nepexooa Heynpyzux 60AH 6 cAa6oHeynpyzue. 

12 

JAKJllOlJEHHE 

U pe'.lyJih raTe IlpUI.lCJlCIIHhiX HCCJICJlOBaiiHH 06Hapy)l(eHhl TpH TH

JJa l:llaHMUJleiic r IIHH : I I cna6oHe ynpyroe BJaHMOJleiieTBHe; 2/ He

ynpyroe B'lUHMO,ilCHC fllHC ; 3/ pO>KJlCHHC )I.OllOJIHHTCJihHOrO COJIBTO

Ha. 

npH HCCllCJlOilaJJHH I.llUHMO)I.CHCTBHH nerKOrO /npo6HOrO/ COJIH

fOHa C fii)I(CJIOH CO JIHTOHIIUH MHWCHbiO Ha6JIIO.IJ;aJIOCb JIH60 npOXO)I(· 

JlCH HC COJIHTOIJOI.l Jlpyr CI<BOJ b )l.pyra, 111160 HX OTTaJIKHBaHHC, CO

IIpOBO>K)I.aiO(UCCCII H'lllY'fCHHCM HeynpyrHX BOJIH. 

0JlHHM WI HaH60JICC HHTCpCCHbiX, C HaWCH TO'IKB 3PCHHII, 

peJyllbTaTOB )l.alJHOH pa60Tbl liBJiliCTCJI 06Hapy)I(CHHC cllaKTa po)I(

UCHHII )I.OllOJIJIHTCJibHOrO COJlHTOHa npH B3aHMO)I.CHCTBHH )I.BYX co

JIHTOHOB. PaHee no)l.o6Hblc liBJICHHll Ha6nJO)I.aJIHCb JIHWb a paMxax 

HCpCllliTHBHCTCKHX ypaBHcHHH jypaBHCHHC lllpe)I.HHrepa e norapscll

MH'fCCKOH uenHueiiHOCThiO 8 , RLW- ypasHeHHe / 9 .' ,eM. TaK)I(e 

pa6oTy iO /. B03MO)I(HO, JTOT pe3yJibTaT CIUC He eCTb cllaKT MHO

>KeCTBCIIHOro pO)I()I.eHHII 'faCTHU-COJIHTOHOB B 'IHCTOM BB)I.e, O.IJ;HaKO 

OH liBJiliCTCll BCChMa 06Ha,D;e)I(HBaiO(UHM JKCnepBMeHTaJibHbiM Ha-

6JIIO}leHHeM c noMOJUhiO 38M cny'lall HecoxpaHeHBJI 'IRena eona

TOHOB B eTopoHy YBCJIH'feHHll HX 'IHCJia (2 > 3). PaHee BO MHOrHX 

pa6oTaX Ha6JIJO.IJ;aJIOCb o6pa3oBaHHe CBJI3aHHbiX COCTOJIHBH )I.BYX 

COJIHTOHOB /cJiy'laH 2 • 1 /. 
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