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llHH8MHK8 CTOnKHOBeHHH nByMepH~X rrynbCOHOB B paMKBX 

64 reopHH nonH 

Vl3nO>KeHb! pe3ynbT8Tbi, OTHOCHWHeCH K CTOnKHOBeHHIO rrnOCKHX onHo

MepHbJX rrynbCOHOB, 06cy>KnaiOTCH CBO:"!CTB8 Hef100BH>KHblX UH/lHHnpH'!eCKH

CHMMeTpH'IHbiX rryllbCOHOB, lJCCilenOB8Hbl no60Bble CTOnKHOBeHHH nByMepHbJX 

nynbCOHOB, B pe3ynbTaTe cronKHOBeHHH nayx onHHaKoa~x rrynbCOHOB c Ma

nbrMH CKOpOCTHMH (v 'S_ 0,3) OHH c:JHB8IOTCH B OOHH, Bf10CilenCTBHH KO.'l/l8IT

CHpy!OWHil, 

Pa6ora BbinOnHeHa a Jla6oparopHH Bbi'II!Cili!TenbHoii reXHHKH H aaro

MaTH38UHH OlHH1. 

fipenpRRT 06WJlBReRROrO RRCTRTYT& •JlepRWX RCCJ1eJlOB&HHI • ,lly6aa 1977 

Eogolubsky I.L., Makhankov V.G., 
Shvachka A.E. 

P2 - 10473 

Dynamics of Pulson Collisions in ¢ 4 Field 
Theory 

The results on collisions of plane (one-dimensional)!' 
pulsons are presented. The properties of the resting 
cylindrically symmetric pulsons are discussed, Head-on 
collisions of two-dimensional pulsons are investigated. 
As a result of collision of two identical pulsons moving 
with small velocities (v S 0.3) they merge into one 
pulson collapsing afterwards. 

The investigation has been performed at the 
Laboratory of Computing Techniques and Automation, 
JIN~. 
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Co~TOHH penRT~BHCTCKH-HHBapHaHTHHX (PM} YfBBHeHHA EHSHEaDT 

ce~ac 60JibBJOit RHT9f6C K8K KJI8CCH'!9C!Gle MJ,lJ.e~ npOTmR9HHHX 'l8CTR!l. 

BcJie,lJ. 38 H3y'leHReM CBOftCTB HBDO,lJ.ERmHUX COJIHTOHOB - KBa3H4aCTMU -

E03HHK89T EODfOC 0 X8paKTepe HX B38HMO,lJ.eftcTEHH Me~ C060ft D.PH 

CTOJIKHOB9HJ!HX, B ,lJ.aHHOit pa6oTe MH HCCHe,l\yeM, C MCDOHb30BaHH9M 3BM, 
BCTpetJH!>Ie CTOJIKHOB9HHH OC!lHJIJIHPYJOOIPIX COJIHTOHOB ("DYJil>COHOE"} 

paccMB.TPHBM ypaBHemte 

U A ,, • 3 - 0 (I} t:t" - ~ .. -r u - u - . 
CBOiCTBa TaRHX CO~TOHOB cymeCTB9HHO 38BHCRT OT f83MBpHOCTH 

npOCTpaHCTE8. B § I H3JIOX9HH pe3yJIDT8T~, OTHOCRmPl9CR K CTOJIKHOB9HHD 

DJIOC!GlX O,lJ.HOMBpHI>IX DYJII>COHOB. B § 2 o6cy~TCR CBOftCTBa H9DO,lJ.BH~X 

UHHHH,l\pH'l9CKH-CHMM9TpH'lHHX DYJII>COHOB. ~BMKK8 HX B JI060EHX 
CTOJIKHOBBHJ!HX .P8CCMBTpHB89TCR E § 3. 

§I. CnadoHeynpyrHe B3aHMO.IIe~cTBHR ogHoMepHux nynhCOHOB 

C DOMOmbD M9TO~a DorOnDdOBa/I/ B padoTax/2/ HCCJI9,1\0BanMCb 

aCMMnTOTH'l9CKHe pa3nOE9HHR peweHHU HBJIHHBHHUX BOJIHOBUX ypaBH9HHH 

B tJaCTHHX npOH3BO,l\HUX.B tJaCTHOCTM, B CJiyqae (x, ) 6UHM HaU,lJ.9HU 

peweHHR, ODHCUBaDmRe COHHTOHU ypaBH9HHR (I) ManO~ aMnHHTY.I\Uo 

Y'lHTUBaR TOHbKO nepBU~ 'lJIBH pa3HOX9HHR,3ailMWBM 3TH peweHHH B BH,l\9: 

u.(lt,t)= A·.ttcli. (Affx)Cai(ft --/A 2 't) <2> 
BHpBlteHRe (2} .rr.aeT xopomee onooaHPie Heno,lJ.EHnWX nyJil>COHOB npPI 

MBJI!iX BMD~Ty.rr.ax, A2 ~G I. TaxHe o,lJ.HOMep~e nyJILCOHH RBJUIJ)'l'Cn: 

~OpMHPYDmHMHcn: cJia6oH3nytJ8JOOIHMB o6~eKTaMH 3/. MHTeHcHEHOCTb HSJIY

tJeHHR CTp9MHTCR R HYJIIl DpH A-0. IloaTOMY MOXHO rDBOpHTL, 'lTO 

O.lJ.HOMepHHe nyJil>coHB ypaBHeHRn: (I} RBJIHDTC.fi acJIIMDTOT.Htiecx:H ycToit'lxl!li
MH. 

Co.!!epmBJi B ipo.PMYJie (2) npeo6paaoBaHRe Jiopell!l8, noJIYtJaeM 

npH6JJBaeHHoe EHp8JteHJie }J)1JI .nmu:yJ!Il'lXCR CO CKOJlOCTbll V DYJil>COHOE: 

U ( x/ 1:)- A· fed [YfA· j·(x- vt)] >< 

x ~ [Yi.- ~A:z. >v. {t-vx)l 
I ~ 0 JJ 

~ = (f..- v.;l)- z . 

3 

(3) 



BcTpe'l.HHe CTOJIKHOBeHJffi COJmTOHOB (3) 1 ,!UlHJKYI!lHXC.!i H8BCTfe'ly 

,!ijjyr ,!ijjyry CO CKOpOCTm.m V H - V 1 O!iJm paccMOTpeH!i B 'lll.CJieHH!iX 

aKcnepll.MeHTax. EUJia B!iclpaHa aMDJlHTY~ A = 0,4, cRopocTb V BapbHpo

BaJiacb OT 0,2 ~0 0,5. B3aHMO~eRCTBHe DYnbCOHOB He DpHBO~T K 38MeT

HOMY pOCTY HHTeHCHBHOCTH H3JIY'l8Hiffi, He ll.3MeH.!!eT cy~eCTBeHHO HX 

CKOpOCTH H aN~JIHTy~. 3TOT pesyJlbT8T BDOJlHe ecTeCTBeH. ~e~CTBHTeJlb-

HO, HSBeCTH0 1 '!TO B3aHMO~eacTBH8 DfOH3BOJlbHOrO 'lHCJla COJlHTOHOB H 

"ciHOHOB" (CB.!l38HH!iX COCTO.!!HH~ ~yx COJlHTOAOB) B pru,max cmzyc - ypa.B

HeHIDl rop~oHa .!!BJl.!leTcH aclcOJlXlTHO ynpyrll.M ~ .51. PasJiarM B 3TOM 

ypaBHemm sii1. u B PJI~ H orpaHH'lHBBHCb npH A2 ..:::..::::. I eyciH'lecKHM '!JieHOM, 

DOJIY'!aeM ypaBHeHHe (I) ( u. 3 -- 1 tt 3 ) • Ta.KM"cl,;rnaocT:&" npn A24<'I 
ypaBH6HID1 (I) K BDOJIHe HHTerpHpyeMOMY CJ!Hyc-ypaBHeHlUl rop,JJ.OHa H 

OO'bSICHHeT CJl80y:IO HeynpyrOCTb CTOJIKHOB6HM ~X OHOHOB (3). Kap'l'HHa 

B3aHMO~e!CTBHH MO~eT K8'18CTBeHHO HSMeHHTbCH JlHmb DpH BeCb~~ ManHX 

CKOpOCT.!!X nynbCOHOB (3) 1 KOr~ H3JIYllCHH8.!! 38 BpeMH HX B3lU! .. 'V!O~e~CTBHH 
sHeprHH cly~eT nop~a IUIHeTll:tiecKoli saeprll:ll: m:x .IJ.BID!teHim KaK ue.11oro. 

PeryJIHpHHe 8HaJIHTH'l6CKHe MeTO~ HCCJI6~0BaHHH CTOJIKHOBCHH~ 

HeO~OMCpH!iX COJIHTOHOB DOKa OTCYTCTBYIDT. E~HCTBeHH!iM H~e~M 

CDOCOOOM HCCJIC~OB8HHH 3~6Cb .!!BJIH6TC.!l '1HCJI6HH!i! 3KCD6pKM8HT 1 KOTO~A 

~ DpGBe~eM B .IJ.BYM6pHOM (X, y) DpOCTpaHCTBe C ~HJlHH~pH'!6CKH-CJ1MM6T
pW1H!iMH (c S ) B C00CTB6HHO~ CHCT6MC KOOp~HaT DYnbCOHa.MH. 

§ 2. ijHnHHAPH'leCKH-CHMMeTpH'!HHe DYJibCOHH MaJIOft BMD~Y8M 

""02. .i c 
PaccMOTPHM,lpanHeHHe (I), B KOTOpOM Ar,..= '()rz + r.::s;' 

By~eM, KaE n B •
3 I, HoKan ero pemeHHe npH u.. z. <.'< . .t B BH,IJ;e 

U(0t) =c(r)·CQJ~t +d(;-). ad 3wt+ "' (4) 

llo,ncTaBJlRH {4) B (I}, nonyqaeM rpaHH"'HYJO sa~a~y 

c +.J.. c +..1 c 3 =Jc ). = 1..-t:J 2,~ 
,..,.. r ,... + .... C,.-fo) -.o c.{ot>) =o. 

.J 
IJycTb C ( ~"') - pemeHHe ypaBHeHM 

(5) 

c,..,.. +-/:: c,.. -c -t-c .3= o. 
Tor.n:a c ( ,. ) = ff A -1/2 . c (A rz. r) - pemeHJie (5). 

(6) 

YpaBHeHHe (6) npn rpaHH'lH!iX ycJIOBH.!!X C r (o) = 0, C (6C ) = 0 HMeeT, 

4 

"' 

KaK H aHBJIOrH'lHoe ypaBHeHHe B c!lJepH'l6CKH - CKMMeTpH'lHOfi (SS ) 

reoMeTpHn 161, c"'eTHoe MHOllecTBO pemeHd C z ( r), I.= !,2, ••• 
3HatieHH.!! C i (0) o6paaymT MOHOTOHHO B03p8CT8mmJD DOCJie~OBaTeJib
HOCTbi i -oe pewem~e ( t- I) pas ne(:.eceKaeT OCb aclcURcc r . 

3TH pe3yAbT8Tli CTaHOB.!!TCR DOHRTH!iMH 1 ecRH pacCMOTf8Tb MeXa

HH'l8Cicyll 8HaJIOrHD Yf-aBH8Hlffi (6) - .IJ.BHl!t8Hl'Ie MaTepHaJibHOH TO'l!W 

B noTeHUHBJibHOM peJibe!lJe npH HaJlK'lHH ~ccnnauiDI aHeprm:H /7 I. 
~eHCTBHT8Jl.bHO, li3 (6) DOJIY'lHM 

fr[~c,.z.+U(cJ]=-~(c.,.)~ U(c}= Jcz.+/c: (?) 

YpaaHeHHe (?) ODHCHB88T .IJ.BR1teHHe MaTepHaJlbHO! TO'lKH, KOOp~H8T8 C 

KOTOpoA R3M8HH8TCH B 3aBRCJ1MOCTH OT BpeMeHH r . CKOpGCTL 3TOH 

TO'lKH C r 1 KHHeTR'l6CKaJl 3HeprM t C,: , fiOT8HUH8JlbH8.!! 3HeprM 

lJ (G). B HatiaJlhHHH MOMeHT {T.e. TipHr'= o) .Ji;HCCHDBTRBH!ili '1Jl8H 

; • (C r' }
2 

B CHJIY C r (o) = 0 pa.BeH HYJOO• 
KoHKpeTHLJe 3HatieHH.!! C ;,_ (0) HaXOMTCJI MeTo,noM cTpeJibciH. B 

qacTHocTz, c1 (o) = 2,$~. % 

0KOH'l8T8JI.bHO 0H8DO.IJ.BHl!tH!ie C$ - nyJILCOHLl ODHCHB810TCR npH 1.1. «J. 
!lJOpMj'JlOit: rj 
U{r,~) =ff t./0 ·Ci (u"tj·cWwt =A· C~~~~~ ·Cahvt, (8) 

(.))= ~-l/7 / A= ff11 .. Ct(O}. 

Ba1tHO 38M8TRTb 0 ~TO C~- DYJILCOHLl (8), KBK DOK83HB810T f-8C'!e

Tli Ha 313M, Df-OBe,IJ;eHHHe HaMH B (x,y 0 t:) - CJIY'l88 1 ycro~HBH 
OTHOCHTSJibHO yrJIOB!iX B03MY!Il8W f>'IJ ( f ) • 3THM lKS CBOACTBOM 

ociJia~T !lloPMHPYDmHecJI .noJiromRBYil!He nyJibCOHH ciOJlblliOfi aMDJIHTY~. 
o6HapyJKeHHLJe 13/ B f-B.MKax ypaBHeHd, HMe.IOOIHX cloJiee ~eM o~o 
BaKYYMHOe pemeHHe: 

au - & ,..,.. u - u + u 3 = o ..~ (9) 
Ll-tt: - .t1,..r ll r S~H £( = 0 • {IO) 

O'!eBH,IJ;aa 3HepreTH'l6CKa.!l HHTepnpeTBURH 3THX pe3yJILT8TOB: OTCYTCTBHe 

38BHCHMOCTH pemeHM /J { r:'{ft) OT yrJia 'f MHHKMH3HpyeT "'JI8H (VU)2 
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a) 

c'1 t-~11'-i 

o-/2 

,2: /(/ ' /{~42 
~:r- ,/to-O 

""ii- L' ' ' fo ~ c " ;c 2"Y 

I 

6) 

1\ ~' 
..e 1 t-]1'-i 

----; 

/ J 1ff1 ~1 \_, /{.,n 
/, j A 1~ ~T __,.r/foc50 

,{ c ' k cJ / / ~=-:J'-1 

// ~'\_ /f:::q 2 

PHc. I. 

7 
/ C\ ... ·t· .. ·t·. /-t=-o 

~':-. ~- . xt 

"Konnanc" KBa3HllyBbCOHOB, BHmeAWHX H3 CTORKHOB6HHS rrynb
COHOB (II) (IPH v = 0,6 ( h.. = H/H..,A~ ' H ,...,.. = I, II = 
H( ~ = II4)). a) - ceqeHze no OCH;t , npoBe~eaaoe B roq
Kax x,r~e H {x,y=O) MaKCHMaRbHO. OJ - ceqeaze no OCH x. 

6 
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I 
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B raMIDIJ>TormaHe. 3ror JKe WaKT yKaaH:saer Ha ycro:if'la:socTb ss- nyJI~>

coHoB 13, 8 I H, :soo6me, ss - coJIHTOHOB B ~aMKax Pki cKaJIJI~HHX 
ypaBH6HHM OTHOCHTeJibHO yrJIOBHX B03MYDI6HH!. 

0TM6T:HM1 'ITO 5S - H CS - D~COHH Y.PaBH6HHR (I) He Wo.PMH-

pyiOTCH H3 6JlllaRmc noJI.eoox crycTKOB I, r. e. He .fiBJJm)TCH ( BO 

BCHKOM CJJY'lae, aCHlffiTOTHqeCKH) YCTO~HMH, 0.IUIB.KO HX BpeMH JKH3HH 

"!:-+ oo , Kor.na aMDJIHTY.na A - D. IloaToMY npHHe cDDIKOM MaJIHx 

CKOpoC'l'HX V OHH YCD6B81JT npoftTH 38 BpeMH JKH3HH paccTOffiUie, 

aHa'IHTeJibHO npeBHmaD~ee me xapaKTepHHR paaMep. 

§3. Bcrpe'UIHe cToJIKHOBeHHH .IIByMepHHx nyJlbcoao:s 

Co:sep1118H B (5) npeo6paao:saHHe JiopeHJ.la, nony'laeM ,II,BHJKYillliitcH 

B,II,OJ!b OCH X CO CROpOCTbiO V DYJibCOH: (II) 
u (;t, t)= c.Jo · C<. (u, Y'(2.(J(-vi:.P·~,¥z.J.t:d[f'l.-u,£.'¥(t--v.xJJ. 

HaHOOJI W CHJlbHOro B38MMHOro B03,IJ,6JiCTEH.q (II) CJie.IzyeT Ollrn,I1,8Tb 

DpH JI060BUX CTOJIKHOB6HHHX COJIHTOHOB 1 T,R, DpH STOM B03MY816HH6 

noJie:eoit \WHKUIDI U(x,y, t. ) nynJ>coHa MBKCHMaJlbHo. TaKHe c'l'OJIKHOBe

HHR 6HJIH HCCJ16,II,OBBHH HaMH npH A = 0,4 H CKOpOCTRX COJIHTOHOB 

VL = V =-Vz = 0.2, 0,3, 0.4, 0.6. KapTHHa BSaHm,IJ,elcTBHR npH 

MaJJHX H 60J!bllll'IX CKOpOCTHX p83JIH'IH8. JlHHBMHK8 BsaHMO,IJ,eACTEHR 

nyJlbCOHOB Dp:itl V = 016 HS06pa.llteHa Ha pKc.I. IlepBOH8'l8JlbHO y,II,8JI6HHHe 

COJIHTOHH ( t = 0) K MOMeHTY t = 54 DepeKpHBBJOTCH TaR, 'ITO B 
11
IJ;6HTpe THllteCTHv CHCT6MH (DpH X = y = 0) Ha6JIIO,IJ,86TCJ1 MBKCifMYM 

D~OTHOCTH SHeprHE 

H=ffutz. + {PZI):L+uz.-u'~/2]. (I2) 
Jio6oBOe CTOJIKKOBeHHe reHep:apyeT CH.JlbHHe BOSMYUI6HHR DOJieBOft 

qlyHKUJilli B Y - H8DpaBJieHHE ( t = 60). fipH t = 72 BHOBb BH,II,HH ,IJ,.Ba. 

JIOK8JIJ480BaHHHe 0CIJ;H.71JIJ4PYBlUHe crycTKa, pa36er8.DIIlleCH B npOTHBODo-

JlOXHHX H8Dp8BJieH:HHX. kfx p83M6pH d)( :II d/ DO OCHM X H y JIHmi, 

H6MHOrO MeHbme p8SMepOB H8'l8JlbHHX flYJlbCOHOB. fipli ,II,8JlbHelmeM 

pas6era.mm a: H ~ YMeHbiii8Il'!'CH E. K MOMeHry t = II4 SBOJIIOUHH K8Jt,II,OrO 

crycTK8 88KSHqHB86TCJ1 06p830BaHH6M oco6eHHOCTH DOJ!H (KOJIJianc), 

IlpH H8'18JlbHOI CKOpoCTH V = 01 4 DYJlbCOHH DOCJI.e BsaHMHOro 

nepeKpHTHR T8Klle paa.n.eJIHIOTCR Ha ,IJ,Ba paa6eraD~~Hxcm crycTRa. Ho B 

STOM CJIY'I8.8 B ,II,aJlbHeJbneM DJlOHCXO,II,IIIT "pacDJlliBa.HHe" ,II,BiiJiyiiiHXCH 

KB83liflYJlbCOHOB. fipa STOM BMDJIJ4TY,I1,8 OCIJ;H.IIJJ.InU!i DOJ!H B DJIOTHOCTb 

sHepro H yMeHJ.D181l'!'CH BllJIOTb .n.o 0 npR t-oo (J:Rc.2). 
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I~ 
I; 

,. ~ 

j 
t=-20'-1 

a) 

....c 
6) 

// 

7 t=-90 
/. 

t=-81 

t=-0 

PHC. 2. CTOJIKHO.BeHHe nym.coHoB (II) npH V .. 0.4 (pacnJJYBBHHe 

~s6eraDIIHXC.R: KB83HDYJibCOHOB). H m.cur = 0.34 = H(t =90l 

8 

1\ 
:( 
ij 

a) 

I\ 

;\J \ 
/~ '/1? '"'-=, / t=-lll 

/t=-108 
___ ./ ' / -~- ______ 7/t=-99 

/ --/<=-~n 
,</' 

Q 

--- /t=-8'-1 

?r .. .r .... n<AI<.>rr .... r .. 36•' /i:=-0 

~ / 
'\ 

I I 
II\ t= 11 l "" I 

:T ~~~ .;/~ . /Z1oB 

4~-----/ 7 

-~''-- /t=-99 
_L

:tt:c. / ~~ /t:93 ,/ ~I ·-·-:----
6) 

l=-8'-1 

t=-0 

PHC. 3. 06~30B8HH8 OC068HHOCTH DOJI.R: B U8HTpe T.R:&eCTil CHCT8llli 

.lU!YX DYJibCOHOB (X = Y • o) Df.Jil JllX CTOJIKHOBeHilH CO 

cxoJ:OcTbll v .. o.3. H 1"'4\' = o.aa = H < -t = III). 
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Ilj:H MeHbiJmX CKOJ:OCT.f!X (V = 0.3 1 0.2) f83,I!eJieHM.f! HB .l(B8 
crycrKa nocne nepeK~TRR nynbcOHOB y~e He Ha6JIID,naercR {cM.f,Hc.3, 
V = 0,3). ITocne o6pasoBaHRR MaKCHMYMa H B TO'!Ke x = O,y=O ( t = 93) 
era BeJIM'IHHa B03f8CT8eT, XBfaKTepHI:le f83MepH 1J X H lJy COCTaBHOrO 
cryCTKa yMeHblliBIDTC.f! H DfOHCXO,I!HT 06f830B8HHe OC06eHHOCTH DOJ!R 
(Konnanc B ueHrpe r~ecrH cHore~, t = III). 

§ 4. 06cy~.neHHe pesynnraroB, 

B pesyJibT8Te CTOJIKHOBeHRR .nBYX O,I!HHSKOBHX DyJibCOHOB C 
M8JII:lMH CKOfOCTRMH ( V < V c;.r- ~ 0,3)0HH CJIHBB.KJTCH B O)!;HH KBB.3HITYJibCOH, 
BDOCJI9)lCTEM KOJIJI8DCHfYI!JUMa, Il_i:.H V' > Vc.r 'IHCJIO KBB.3HITYJibCOHOB 
D_l:.H CTOJIKHOBeH.HH COXpaHReTC.f!. HX _r,aspymeHHe B )laJ!bHaftweM 06MCHR9T
CR OTMa'!eHHOit paHee HayCTOA'JHBOCTbD (CTOJIKHOBeHHe DYJibCOHOB 
Dfll.EO,llHT K cymecTBeHHOMY B03MYll{eHHKJ Ka~oro .1!:3 HHX), B_r,eM.f! HX 
~H3HH OK83HB8eTC.f! 60J!bWe HJIH DOP.f!,llKB 06paTHOrO HHKfeMaHTB 
HeycTOit'IHBOCTH COOTBeTCTBYDmero 38fR~eHHOrO COJIHTOHa. 
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