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AeHCTB~R ABYX Ten Ha3biBaiOTCR 3AeCb M~H~MOHaM~. ¢lopMyn~ 
MoHma ~ Kpaeabre ycnoB~R AnR M~H~ManbHOH noaepxHOCT~ 
3an~caHbl a cne~~anbHOM B~Ae, np~cnoco6neHHOM K 3apaHee 
Bbl6paHHOH ~Hep~~anbHOH C~CTeMe OTC4eTa. B COOTBeTCTBYIOllleM 
B~Ae 3an~caHbl ~HTerpan~ AB~meH~R paccMaTp~aaeMoro o61>eKTa. 
Oco6o OTMe4eH cny4aH, KOrAa a 3aAaHHOH ~Hep~~anbHOH c~c
TeMe 061>eKT KaK ~enoe nOKO~TCR. 
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An Example of the Two-Body Relativistic Problem 
I I I. Eqvations of Motion in a Special Form 

The considered earlier carriers of the two-body relati 
vistic interaction are here called minimons. The Monge for
mulae and boundary conditions for the minimal surface are 
written in a special form adjusted to a priori chosen iner
tial reference frame. The integrals of motion of the consi
dered object are written in a corresponding form. The case 
is shown particularly, when in the given inertial system 
the object as a whole is at rest. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1. HOCHTEnH B3AHMOAE~CTBHH
MHHHMOHbl 

B pa6oTax 11·21 pemn~
a~cTcKaR 3aAa4a ABYX 
Ten npeAcTaaneHa KaK 

3aAa4a 0 M~pOBOH M~H~ManbHOH noaepXHOCT~ /o603Ha4aeM ee ~ /, 
orpaH~4eHHOH ABYMR ac~MnToT~4ecK~M~ n~H~RM~ nocTORHHOH 
Kp~B~3H~. 3T~ n~H~~ RBnRIOTCR M~POB~M~ TpaeKTOp~RM~ paccMaT
p~BaeM~X Ten. 

noaepXHOCTb ~ 3aAaeTCR ¢lopMynaM~ MoHma 

X a = ua ( u ) + v a ( v) • (U', U')-0, (V ', V') ~ 0, /1/ 

03Ha4al0lii~M~, 4TO ~30TpOnHaR CeTb noaepXHOCT~ ~ RBnReTCR 
ceTbiO nepeHoca. Kpaea~e ycnoa~R AnR noaepxHOCT~ I TaKoa~: 

P~= ~ [Ua(u 1)-Va(v 1 )l+ Pt , 
pa = ..9.. [ Va(v 2)- Ua(u

2
)] + P~ . 

2 c 

/2/ 

nepeHOC4~KaM~ B3a~MOAeHCTB~R ABYX Ten RBnRIOTCR 4aCT~~~, 

M~pOB~e TpaeKTOp~~ KOTOp~X COCTaBnRIOT ~30TpOnHyiO CeTb no
BepXHOCT~ ~. TaK~e 4acT~~~ AB~~yTCR co cKopocTbiO caeTa 
~ ~MeiOT HyneByiO Macey nOKOR. 6yAeM Ha3~BaTb ~X M~H~MOHaM~. 

4epe3 KamAYIO T04KY (u~v 0 ) noaepXHOCT~ ~ npOXOART M~-

poa~e TpaeKTOP~~ 

xa~ if(u)+V a(v 0 ) , 
a a a 

x = U (u 0 )+ V (v) 

POBHO ABYX M~H~MOHOB. nepB~H M~H~MOH ~3ny4aeTCR nepB~M TenOM 
~ norno111aeTCR BTOP~M. BTopoH M~H~MOH ~3ny4aeTcR BTop~M Te
noM ~ norn0111aeTCR nepe~M. 

M~poe~e TpaeKTOp~~ ABYX Ten BMeCTe C M~pOB~MH TpaeKTOP~R
MH M~HHMOHOB COCTaBnR~T cnnOWHoH rpa¢l ~eHHMaHa. MHHHMOHW 
B3aHMOAeHCTBy~T APYr C APYrOM, nocKon~KY HX MHpo~e TpaeKTO
PHH HenpAMOnHHeHHW. 3Ha4HT, Ka*AaA T04Ka noaepXHOCTH ~ RB
nReTCR y3nOM cnnowHoro rpa¢la. 
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2. CnEUHAnbHW~ BHA 
<!>OPMYn MOHlKA 

B npeAnaraeMOH pa6oTe M~ nocTa
paeMCR Bb1Aem1Tb e 3aAa4e ponb 
epeMeHH t z x 0

, 3aAaBaR noeepx-
HOCT b I. B BHAe x=x( 17 ,t) . 

... 
rAe X - COBOKynHOCTb KOOPAHHaT 

nonOlKHM 

U=t+ !!._ V=t- .:J. c . c 
a 3Ha4HT, 

u uo(u)= 2 . v vo(v)= 2 . 

06o3Ha4aR ui=; Ai 'vi "'f gi 
c -+ _., -+ x = 2 [A(u)+ 3(v)], a2=1, 

rAe 

.f1(t)$7J$ .f2(t), 

xi , j =1, .... ,N. 

H3 <!>OpMyn /1/ HaXOAHM 

1)'2,.1. 

a'(u) = _d_ A (u), 
du 

b(v)=-.!L B(v). 
dv 

/3/ 

/4/ 

/51 

!61 

171 

noACTaBnRR /4/ B /6/, nony4aeM noeepXHOCTb I, B BHAe /3/. 
<!>opMynbl /6/ 3aAaiOT npoeKUHIO a noeepXHOCTH I, B esKnHAOBO 

npocTpaHcTeo c AeKapTos~MH KOOPAHHaTaMH xi. KaK BHAHO, npoeK-
UHR a RBnReTcR noeepxHOCTbiO nepeHoca. OnopHble KPHBble 

x ,. cA(u) , 
... ... 
X=CB(v) !8! 

3aAaiOTCR B /6/ npOH3BOnbHO, HO napaMeTp CU RBnReTCR AnHHOi1 
Ha nepBOH, a napaMeTp C V - AnHHOH Ha BTOpOH onopHOH KpH-

. BOH. CepeAHHa oTpe3Ka cA(u) , c B(v) npHHaAnelKHT noeepxHOCTH 
a. TaKHM o6pa3oM, ecnH H3secTHbl onopHble KPHBble /8/, TO 

H3BeCTHa noeepXHOCTb a, a C nOMOlJ1biO <!>OpMynbl 

U+V 
t = ---

2 /9/ 
BOCCTaHaBn~BaeTCR nosepXHOCTb I_ • 

<!>opMyml 16! ~ 191 npeAcTasnRIOT <!>opMynbl MoHlKa I 1 I e cne
u~anbHOM B~Ae. 

3. CnEUHAnbHW~ BHA 
KPAEBbiX YCnOBH~ 

CTBH~ C 14/ B <!>OpMynax 

.f 1 (t) 
U 1 = U 1 (t)= t + ---, 

c 
4 

CornacHo I 31, 7J =.f 1 (t) Ha OAHOM 
Kpae H TJ = .f 2 (t) - Ha APYrOM Kpae 
noeepXHOCT~ I.. no3TOMy B COOTBeT-

12/ nonaraeM 

.f, (t) 
V =V (t)=t-~, 

1 1 c 

u2= u2(t)=t + f~ 
c 

v 2 = vi t) =t - i 2 (t) 
c 

BBHAY /51 <t>opMyn~ 121 npH a ~ 0 

P~ < t) = ? e 1 c r l .. & 1 . & 1 = ~P'l 

P0 tt) ~- Q_ { (t) ~ ( 
2 e 2 ~ 2 

(2= j 2° 

a npH OCTanbHbiX 3Ha4eHHRX a AaiOT 

p
1
(t)= ~ [A(u

1
(t))-B(v

1
(t))l+ P

1 

.. G ~ ... ... 
p (t) =- l B ( v (t))- A ( u (t)) I+ p 

2 2 2 2 "2 

A a lOT 

TpaeKTOPHH lKe Ten 3aAaiOTCR <t>opMynaMH 

-t c ... + 

x
1
(t)=;rlA(u

1
(t)) l B(v 1(t))l . 

~ 2tt) = ~ [A(u~t)) + B (v
2

(t))l. 

1101 

1111 

1121 

1131 

lA • • r1MnynbCbl p
1 

H p 
2 

Ten Bbi4HCnRIOTCR 4epe3 HX MaCCbl H CKOpOCTH 

no <t>opMynaM 

p =Po dx 
dt p" = -==-c n~-d;=- 2 -_

,1-'"C2(dt) 

penRTHBHCTCKOH MexaHHK~ MaTep~anbHOH T04K~. no3TOMy 

2 dp 0 dx~ ctp' 
c --=-- --dt dt dt 

noACTaBnRR CIOAa 112/ ~ 113/, nony4aeM 

dx"'1 dp1 du " dv 2 .. c 
___ G~ [(-1)"' _ (-1) ] = 0 _us_1 . 
dt dt 4 dt dt dt 

d ... du t: 
~ ~E..R=a..£..[( dv 2 ) 2- (____g)2]=-G~ 
dt dt 4 at dt dt 

/141 

1151 

a OTCIOAa cneAYI0T <t>opMyn~ /11/. TaKHM o6pa3oM, 4>opMym1 111/ 
cneAyiOT ~3 <t>opMyn 1121 H 1131. 
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TO 

4. rnABH~~ BEKTOP CornacHo 1111, coxpaHReTCR 3Hep
r~R C~CTeM~, paBHaR 

e 2<t> 
·cr;=p~(t)+P~ (t) +-;. 

c 
f d ., - '[;;1 + ·a; 2 . 

e 1 <t> 

AoKameM, 4TO coxpaHReTCR ~Mnynbc c~cTeM~, paeH~A 
e 2 <t> 

1161 

... ... ... a a ... 
P=p 1(t)+p2( t)+-2 f -a x(.,,t)ct., 1171 

c e1 < t> t 

TaK KaK 
a ... c 2 a ... ., ... 

- x ( 71, t) = - - (A( t +- ) - B( t-at 2 a., c 
1_ )] . 
c 

P = p1 (t)+ p 2(t) + ~ [A(uJt))- B(v Jt)) - A(u 
1
(t)) +B(v 

1
(t))]. 

noACTaBnRR C~Aa 1121, HaXOA~M 
... ... ... 
P = P1 + P 2 1181 

-+ a 
3Hepr~R {i ~ ~MnynbC p COCTaBnR~T BeKTOp p B npocTpaH-

CTBeHHo-epeMeHHOM M~pe. 6yAeM Ha3~BaTb ero rnaBH~M BeKTOpOM 
C~CTeM~. 

TaK KaK 

( ax ) 2 = c 2 ~ ; i!Il b c y_L < c 2 
at 2 - · 

TO e cny4ae np~TR)I(eH~R I KOrAa G > 0 I, rnaeH~A eeKTop Hanpae
neH B "6YAY~ee", ~ TOrAa MOmHO Bbi6paTb ~Hep1.1~anbHy~ C~CTeMy, 
e KoTopoA P=O. 

5. MOMEHT MoMeHT c~cTeM~, paBH~A 

:m - [ x 
1
( t), p 

1 
( t)] + [ x-+

2
( t) , p 

2 
( t) ] + 

a e 2<t> a 
+ 2 I [x(.,.t). a-i<.,.t)Jct.,. 

c e 1 <t> t 

1191 

TaKme coxpaHReTcR. AeAcTB~TenbHO, H3 1141 cneAYeT ¢opMyna 
d [ ...... ] [ ... ~] dt X, p - X' dC . 

' 

no3TOMY 
e2 

d"" [ ...... )[ -+ G dt 111 • xl,q1 + x2,q2]+-
c2 

f [X' a2; 
el • atrlct.,. 

rAe 
dp-+1 

qt"' dt 
dp2 

q 2- Ci"t 

_ _g_ cte 1 ... 
c2 ~ xtce1.t), 

+ g_ cte2 ... 
c2 (i'txtce2.t). 

CornacHo 1121 ~ 1131, OTC~Aa nony4aeM 

... G[-+ ,.. ] ... t: 
q 1- 2 a(u 1 )-b(v1 ) =-Gx

11
(s

1
.t), 

... G ... ... ] ... 
q2'"'2[b(v2 )-a( u2) =-Gx

11
(e

2
.t), 

TaK 4TO 

e2 ... e2 ... ... [... ... a ... ax ... 
[x1,q1]+ X2,q2]--G f a[x, -ld.,~-G f [x. e1 ., a., el 

a 3Ha4HT, 
t: 2-+ 
':. 2 ... 1 a 2x... - a ~ ] d ., . _<!_~-a J [ x. ~ at'2 a., 

dt e 
1 

a2i ]d.,, 
a., 2 

3Ta npOH3BOAHaR paBHa Hyn~, TaK KaK BXOAR~aR nOA ~HTerpan 
$yHK1.1~R 131 YAOBneTeopReT ypaeHeH~~ 

1 a2 x _ a 2x .. 0 
~-atT ~ . 1201 

CneAOBaTenbHO, MoMeHT 1191 coxpaHReTCR. 

6. fflABHbl~ 611BEKTOP PaccMOTP~M $yHK1.1~~ 

... ... ... a e~~ :net) -p0 (t)x (t)+p 0 (t)x (t) + -:2 f x(.,,t)d.,. 
1 1 2 2 c e <t> 

1 

1211 

Ee npoH3BOAHaR, KaK HeTPYAHO BHAeTb, paBHa 
e2 ... 

) ~~ dT/+ 
':. fl 

d n o di'l o di'2 G 
dt - pl (i't"" + p 2 dt + ? 
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dp01 a cte 1 ... dp ~ a d e 2 ... 
+ (--- -::-12 --)XI +( -- +--=-z --)X 2 

dt c dt dt c dt 
P. /22/ 

CneAOBaTenbHO, KOM6~Ha4~H 

n ct)-t¥ /23/ 

He 3aB~C~T OT BpeMeH~ t . j . . 

KoMnOHeHTbl :m ij MOMeHTa :m BMecTe c ~OMnOHeHTaM~ m 0 
=JlJ-tpJ 

COCTaBnH~T aHT~C~MMeTp~4H~~ TeH30p ma B npOCTpaHCTBeHHO
epeMeHHOM M~pe. 6yAeM Ha3~BaTb ero rnaBH~M 6~BeKTOpOM C~C
TeMbl. 

7. C06CTBEHHA~ OCb 
BPEMEHI-1 

nycTb rnaBH~~ BeKTOp HanpaeneH 
e "6YAYl!lee". TorAa rnaBHbl~ 
BeKTOp ~ rnaBHbl~ 6~BeKTOp 3a

Aa10T C06CTBeHHyiO OCb BpeMeH~ C~CTeMbl KaK peweH~e ypaBHeH~H 

X a ( p ' p ) - pa ( ~1 ' X) = :JJl a{3 p (3 /24/ 

Co6cTBeHHaH ocb epeMeH~ napannenbHa rnaeHoMy BeKTopy. 
B ~Hep4~anbHO~ c~cTeMe, rAe 1-o. oHa 3aAaeTcH ypaeHeH~eM 

.. )1-+ 
X = - -fs . /25/ 

Ecn~ KOOPA~HaTHaH ocb epeMeH~ coenaAaeT c co6cTBeHHO~ ocbiO 
BpeMeH~ C~CTeMbl, TO 

-+ 
p- 0 ' )1 -0. /26/ 
~ -+ -+ 

np~ p = 0 MO>KHO nono>K~T b pI = p 2 0. 

8 

8. CKOPOCTI-1 TEn A~$$epeH4~PYH /12/ ~ /13/, nony-
4aeM 

ct-+ a ... ct ... ct 
1 dt-P/t). 2 [a(u 1(t))dtu 1(t)-b(v1 (t))(i'tv 1(t) , 

d _, G _, d _, d 
cttp / t) =F [ b(v 2(t))dtv2(t)-a(u 2(t))dtu 2(t)l, 

d -~ c -+ d .. d 
- x 1(t) =- [ a ( u 1(t)) - u 1(t) + b (v 

1 
( t)) -v 

1 
( t)] , 

dt 2 dt dt 

1271 

d -+ C [ -+ d -+ d ] 
dtx 2(t) =F a( ui t)) dtu 2(t)+b ( v 2 (t)) dtv 2 (t) . 

0TC~Aa cneAY~T $OPMYnbl 

1 dp 2 2 1 + a c u 2 ) &: v 2 ) 1 - (i2 ( dt ) = --- -2----- u 2v 2, 

1 1 ( ctX' 2. 2 1 - a' ( u 2 ) b ( v 2 ) • 
- ~ dt J - 2 u2 v2 · 

/28/ 

np~4eM 

1 ct e-2 2 
1 - -,.,- ( - ) = u v 

c" dt 2 2 ' 

~ TaK~e >Ke $OpMyn~ C 3aMeHO~ HOMepa 2 Ha 1. 
B COOTBeTCTB~~ C 3T~M~ $OpMynaM~ nonaraeM 

• 2 :2 2 
e-1_< X 1 < C 

. .. 
2 • 2 2 

e-2~x2<c . 129/ 

9. YCKOPEHI-1E TEn 1-13 /14/ cneAyeT $opMyna 
2~ ~ ~ 

o d X dp dp0 d X 
p --=------

dt 2 dt dt dt 

noACTa BnHH C~Aa /27/ ~ /11/, nony4aeM 
d 2X' 

o 1 G [ _, _, ] • • 
P1 --2- oc - a(u 1 ) - b(v 1 ) u 1v

1
, 

dt 2 

2-+ 
o d x2 G [ .... ... ] • • 

P --2- = - b(v 2 )-a(u
2

) u v . 
2 dt 2 2 2 

/30/ 

l-1 3 /30/ cneAY~T paee HCTBa 

... ct 2 x 
[ a(u

1
) + b(v 

1
) ] ___ 1_ .. o, 

dt 2 

2 ... 
-> -+ d X 

[ a (u 2) + b (v 2 )l---2- :: 0 . 
dt2 /31/ 
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10. HOBOE TOnKOBAHHE 
KPAEBbiX YCnOBH'1 

PaccMOTPHM o~Ho H3 Kpaes~x yc
noBH~, CKa~eM, BTOpoe. HoMep 
Tena AnR KpaTKOCTH onyCTHM. 

CornacHo 127/, 
__, 

dp ~ ~ ~ : c!)\v)v . 
ili c dt 

dp G dx_, __ Gi(u) u 
'"dt'- c dt 

~H$$epeH~HPYR 3TO no BpeMeHH t , nony4aeM 

2' 2::' dp G dx -. .. • 2 --:-:;z- +- -::y = Gb(v)v + G b ' (v)v 
d t c d t 

2 • d 2 ' __, •• __, '2 
d p G _x ___ Ga(u)u -Ga ' (u)u 
""d;2 - c dt 2 

Cne~oBaTenbHo: 

·• d2 p' G d 2 x .. 
b(v) [-- +- --1- Gv 

. d t 2 c dt 2 

. ') . 
a(u)[d~p G ct

2
x· 

dt 2 - c dt2 I: - G ii 

a TaK KaK 

·u· + v·=o. 

TO 
.... .... ct 2 .... .... ........ ct 2 x 
[b(v)-a(u)]~ + .Q.(b(v)+a(u)]--

2
-=0. 

d t c dt 

B cHny I 31 I oT c10~a nony 4aeM 

__, __, d2p 
[ b(v) -a(u)] ---0, 

d t 2 

a y4HT~BaR 1301, aaKnl04aeM, 4TO 
2-+ d2-+ 

..!L!_ -L-o 
dt2 dt2 . 

1321 

1331 

1341 

1351 

1361 
HapRAY C 1361 H3 1331 MO~HO nony4HTb e~e ABa cneACTBHR. 

YMHO~aR nepaoe H3 paBeHCTB 1331 Ha a(u), a BTOpoe- Ha b( V) 
H y4HT~BaR 1311 H 1351, npHXOAHM K cneACTBHIO 

10 

• 

a(u)b'(v)v 2 + b(v)a ' (u)u 2 -0. 1371 

Bo3BOAR 1331 B KBaApaT H Y4HT~BaR 1361, npHXOAHM K APyroMy 
cne~CTBHIO, a HMeHHO: 

la'(u) l2u4 
- l b''(v) l2 v4

• 

TO eCTb 

ra, < u) I u 2 
- I 'b , Cv) 1 v 2 

8 CBOIO 04epe~b, H3 1371 H 1381 cneAyeT, 4TO 

__,( ) b'(v) _,b( ) i'(u) 0 au + v ___ ,.. 
lb'' (v)l Ia' (u) 1 

1381 

1391 

CornacHo 1341 H 1381, ecnH cepeAHHa oTpeaKa cA(u). cB(v) 
RBnReTCR MHPOBO~ TpaeKTOpHe~ paccMaTpHBaeMOrO Tena, TO ero 
KOHLI~ ABH>KYTCR no OnOpHbiM KpHB~M 181 C paBH~MH ycKopeHHRMH. 

11 . CnY4At1 N=2 B 3TOM cny4ae npoeKUHR a RBnReTCR 
nnocKo~ $Hrypo~, a onopHble KPHBble 
181 - nnocKHMH KpHBbiMH. E~HHH4Hble 

BeKTOp~ a(u), b(v) MO>KHO npeACTaBHTb B BH~e 
a ( u) = { cos ¢ (u) . sin ¢ ( v) I. 

b(v)={cosrjl(v). sinrjl(v)l. 

CornacHo 1371, 
sin(¢(u)-r/J(v))[r/J ' (v)v 2 -¢' (u)u 2 J~o. 

a cornacHo 1381, 

l ¢'(u)lu 2 - l r/J '(v)l v 2 

CneAOBaTenbHO, 

¢'(u)u 2 =r/1 ' (v)v 2 
1401 

HnH 

d ¢ du - d r/1 d v . I 41 I 

0TMeTHM, 4TO $yHKUHH </> ' (u) , r/J'(v) 3aAaiOT HaTypanbHble 
ypaeHeHHR/ 3/ onopH~x KPHB~x 18!. 
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