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B pa6otax1 1- 31aa,Qa4a o AB~meH~~ ABYX Ten c nocTORHHO~ no 
MO,Qyn~ c~no~ saa~MO,Qe~CTB~R npe,QcTasneHa KaK aa,QaYa o Haxom
,QeH~~ ,QByMepHO~ M~H~ManbHO~ noaepXHOCT~ B npOCTpaHCTBeHHo
apeMeHHOM M~pe, orpaH~YeHHo~ ABYMR ac~MnToT~YecK~M~ n~H~RM~ 
nOCTOHHHO~ Kp~B~3HW. 3T~ n~H~~ CYTb M~pOBWe TpaeKTOp~~ pac
CMaTp~saeMWX Ten. no COe,Q~HR~~e~ ~X M~H~ManbHO~ nosepXHOCT~ 
nepe,QaeTCR B3a~MO,QB~CTB~e Mem,Qy Jena~M. no,Q4epKHBM, 4TO MH
poswe TpaeKTOPHH RBnR~TCR BpeMeHHnO,Q06HWMH nHHHRMH. reoMeTp~R 

MHpa aa,QaeTCR no Kne~HY nH6o rpynno~ ranHneR /s HepenRTHBHcT
cKoM cnyYae/, nH6o rpynno~ nyaHKape /s penRTHBHCTCKOM cny4ae/. 
npHMBHReMbl~ 3AeCb KOOPAHHaTbl X a , a .. 0, 1 ,2, 3 - 3TO 06bt4Hbte 
Aet<apTOBbl KOOPAHHaTbl x 1 ... x, x2., y, x3,...y H BPBMR x 0 .. t B KaKo~
HH6YAb HHep~HanbH~~ CHCTeMe OTC4eTa. 

B MHpe C rpynno~ ranMneR MHHHManbHaR nosepXHOCTb RBnReTCR 

J!HHe~4aTO~ nosepXHOCTb~, a rpaHHYHWe yCnOBHR 3KBHBaneHTHW 
ypasHeHHRM Hb~TOHa ,QJIR ABYX Ten ~ nocTOHHHO~ no MO,Qyn~ cHno~ 
B3aHMO,Qe~CTBHH, a HMeHHO: 

2-t ...... ..... 2-+ -it ..... d r 1 r2-r 1 d r 2 r 1-r2 
m1--.... -·"' G - , m2--- ... G -- , /1/ 

ctt" 1 1 z -r1 1 · ctt 2 1 11 -r21 
rAe G - KOHCTaHTa B3aVIMO,Qe~CTBHR, 3Ha4eHVIH G>Q COOTBBTCTBY~T 
npVITRmeH'VI~ Ten, a aHaYeHVIR G < 0 - OTTanKVIBaHH~. 

B MHpe C rpynno~ nyaHKape MVIHVIManbHaH nosepXHOCTb RBnReTCR 
nosepxHOCTb~ nepeHoca: 

xa .. ua (u) + va (v) ' /2/ 

Ha KOTopo~ napaMeTpw u , v Vl3oTponHw. nocne,QHee oaHaYaeT, 4TO 

(a,a) ~ 0, (b,b) .. 0, 13/ 
a axa ba a,-z.a v 

r,Qe a = -· -·, = .. __ .,a CKanHpHbl~l KBa,QpaT nOHHMaBTCH B CMbtcne au a v 
MeTpVIKH: 

2 f3 2 ct1 2 
ds = ( dx, dx) "' 71 af3 dlf dx = dt - --~T-· . 

3,QeCb H ,Qanee C - CKOpOCTb CBBTa. $cipMynw /2/ VI /3/ Haawsa~T 
¢opMynaMH MoHma. MHposwe TpaeKTOPHH saaVIMOAe~cTsyD~Hx Ten aa
Aa~TCR ypasHeHHRMVI 
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H r 2 - co6cTseHHwe speMeHa Ten; G - Ta me, YTO VI s 
/1/ KOHCTaHTa B3aHMO,Qe~CTBVIR; nlj H m 2 - Te me, 4TO VI B /1/, 
Maccbt noKOR; P1a H P2a - nocTOfiHHbte VIHTerpHposaHHR. CoxpaHR~-

~aHcH senH4VIHa pa,. Pt + P2a RBn.ReTCR 4-HMnynbCOM paccMaTpVIsae
MO~ CVICTeMbt. Bse,QeM TaK>Ke o6oaHaYeHVIH: Pt ,,,'&, 1 , P 2° .. '&, 2 , 

mo ·r: ·r: 2 ·r: 2 ·r: 2 
J =.\9 VI E1 "'(\9 1 -m 1)c, E 2 .. (\9 2 -m 2)c , E-E 1+Ez==(.\9-m 1-m 2)c • 
MeM,QY HMnynbCaMVI pal VI pa 4aCTVI~ H HX MaCCaMVI m 1 H m 2 COXpaHH-

~ 2 v 

~TCR cne~H~H4eCKHe ,Qn.R penRTHBHCTCKOH MeXaHHKH COOTHOWeHHR: 

j 2
1 j _, 2 r 

o 2 P1 o 2 Pz 
P1 "' m I+- c:f' ' P 2.. · m 2 + ?' · /5/ 

HapRAY c 4-HMnynbcoM coxpaHReTCR 6HBeKTOP MOMeHTa 

:maf3,., [ ia pf3 _ xf3 pa] + [ xa pf3 _ xf3 pa] + 
11 11 22 22 !61 

+ ~J[(Ua+Va)d(Uf3-vf3)-(Uf3+vf3)d(Ua -VU)], 

r,Qe HHTerpan 6epeTcR no nHHHVI, nema~e~ Ha MVIHVIManbHO~ nosepx
HOCTH H COe,QHHR~~e~ nepsoe Teno CO BTOpWM. B Ka4eCTBe TaKa~ 
J!HHHH MOMHO B3RTb nepeceYeHHe MVIHVIMa~bHO~ nosepXHOCTH C rHnep
nnocKOCTb~ t == COITSt. npH TaKOM Bbt6ope KpHBO~ HHTerpHpOBaHHR 
KOMnOHeHTbl :Jil kO ( k, n = 1,2,3) pa BHbl 

:Jilko..,_pkt +X~Pl +XkzPz+ ~f(Uk+Vk)d (Uo -Vo), 171 

B npeAene c -+ oo np~Be,QeHHbte Bbtwe penRTHBHCTCKHe ypasHeHHR 
ABHmeHVIR cTaHOBRTCR 3KBVIBaneHTHWMH ypasHeHHRM /1/. Bo scex 
coxpaHR~~HXC.R senH4VIHax HHTerpan no KPHBO~ t .. corrst s npe,Qene 
C -+ oo HC4e3aeT, KpoMe 3HeprHVI E, TaK YTO 

2 2 
Pl P2 :> ... I 

E---- +--·+Girz-r1 ' 
2m 1 2m 2 

P ~ P 1 + P2 ' 

. n,k n k k n 
:Jil =[XtPt -x1p1) 

n k k n 
+ [ X 2 p 2 - X 2 p 2) ! 

11n kO n n mn 
m .. m 1 x 1+m 2 x 2 -J t. --l Qr:.bEC\I-1H!:Hi.bl~1 • \,1, I ' ' 

·'I • ,. .. ,, I'. ,, "I '' ,. I 
"'~ ,) A ' ·~" I 

6V1EnV10T EI<A 
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ManomeHHaR 8~We aaga4a ganee 6ygeT paccMaTp~8aTbCR 8 cny-
4ae ogHoMepHoro AB~meHHR Ten. AnA OAHOMepHoro A8~~<eH~R M~H~
ManbHaR noaepXHOCTb RBflReTCR 4aCTb~ TaKOH nnOCKOCT~, KOTOpy~ 

MOMHO np~HRTb /4TO M~ cpaay M cgenaeM/ 3a KOOPA~HaTHY~ nnoc
KOCTb tx. 0Cb X HanpaBMM B CTOpOHY OT nepsoro Tena KO 8TOPOMY, 
TaK 4TO x 2 (t) ~ Xl (t), rge X"" X 1(t) ~ x .. x 2 (t) - M~p08ble Tpa
eKTOPWM Ten. TaK~M o6paaoM, MMH~ManbHaR noaepxHoCTb 6ygeT 
4aCTbiO x 1(t) .$_X$X 2 (t) nJ10CKOCTI1 tx, 

1 . HEPEnRT~BMCTCKHR CnY4AR 

AnA cpasHeHMR c penRTMBMCTCKMM cny4aeM HaM ygo6Ho ManomMTb 
HepenRTMBHCTCKOe OAHOMepHOe ABHmeHMe 8 CJlegyiO~eM BMge.B llJlOC
KOCTM fa1111neR COrnaCHO /1/ MMeeM 

d 2x I d 2x 2 
m1 -- .. G, m2---· ~-G, 

d t 2 d! 2 
dlq c:rx2 

a TaK KaK PI = m1 -.;-:---- , p 2 "'m 2 --, TO 
at d t 

dp 1 
-~·G, 

dp 2 
dt-• -G' 

2 2 . 
_?_,(2J_) .. .!J._ ~ ... G -~'-~(.b._) .. _!>_2. ~--G dx2 .. 
dt 2m 1 m1 dt dt dt 2m 2 m 2 dt dt 

HHTerpwpyR 3T~ ypaaHeH~R, HaxogMM 

p1 .. 9\ + G t, ,P 2 • P 2 - G t , 

p2 
-!:.!_,. E 1 + Gx 1 2ml 

_!l.,L,"' E2 -Gx2 • 
2m2 

rAe P1 , E 1 , P 2 , E 2 - nocTORHHble ~HTerp~posaH~A. OTc10ga 

() 
E 1 (P 1 +Gt)

2 

X l t .. - -,.:-· + 
u 2ml G 

E2 CP2-Gt) 2 

-a-·- 2;-;a-X 2 (t) '" 

3Hepr~R c~cTeMbl pasHa E .. E 1+E 2 ,a MMnynbcP-P 1+P 2 . 
8eHHaJ:f OTJ1~4HaR OT H_JflR KOMilOHeHTa 6~~tBeKTOpa MOMeHTa 

!fn2 p 2 
'«10 .. ~.[E,- _J__] _, ~ [ El - __L 1 , 

G "' 2m2 G 2m 1 

4 

/8/ 

EAMHCT
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npRMaR 

(m 1 + m 2 ) X - p t "' m 10 191 
npeACTaBnAeT C060H M~poay~ TpaeKTOp~IO Ten KaK 4e11oro, TO eCTb 
TpaeKTOP~~ 4eHTpa Mace. Ecn~ MI1P08~e TpaeKTOpl111 X•Xl (0 ~ 

X= x 2 (0 nepeCeKa~TCR, TO npRMaR /9/ npOXOAMT 4epe3 T04KI1 ne-. 
pece4eH~R. B 3TMX T04Kax npoHCXOAHT a6coniOTHO Heynpyroe cTonK
H08eHMe ~ccnegyeM~x Ten ~ o6paaoaaH~e cocTaBHoro Tena n~6o, 
Hao6opoT, pacnag cocTaaHoro Tena Ha gaa ~ccnegyeM~x. M11poaaR 
TpaeKTOp~R COCTaBHOrO Tefla nemHT Ha npRMOH /9/. BpeMR, npo
TeKaiO~ee Memgy pacnagOM ~ CTOnKHOBeHMeM, paBHO 

2 r--:-::· 
T "' G v 21L 6E. 

m m 
rAe IL = 1 2 · - npHaegeHHafl Macca; 6 E 

m l+m2 
HOrO A811MeHI1fl Ten, paBHafl 

/10/ 

- 3Hepr~fl OTHOCMTenb-

p2 ~· d 2 
6E "'E - --- "' -· [ -- (x2 -x1 )] +G (x2 -x 1). 

2(m1+m2) 2 dt 
/11 I 

Ha $opMyn~ /10/ BHAHO, 4TO o6paaosaHI1e cocTa8Horo Tena 803Mom
HO TOflbKO 8 TOM cny4ae, eCJ111 6 E ~ 0 • npi-1 G> 0 HCCJleAyeMafl 
CHCTeMa ABYX Ten OC~HflJ1HpyeT C nepHOAOM Kone6aHMH /10/, ecn11 
CTOnKH08eHHfl Ten 6YAYT llPOHCXOAHTb a6COJ1~THO ynpyri1M o6pa30M. 
nony4aeTcR csoero p6ga JlHHe~H~~ OC411J1Jlf1Top. 

2. PEn~THBHCTCKKr. CnY4Ar. 

nonaraeM 

1 .. 2 (u + v) , 

11 113 /4/ HaXOAHM 

PI- PI +Gt, 

o c G 
P1 '"~1 + (;2 XI, 

c x • 2 (u-v) 

p2 "'p2 -Gt, 

G 
p ~ "" '{b 2 - c2"' X 2 ' 

Y411T~BaR /5/, nony4aeM 

X (t) .. ~ [ :{b j (Pl+Gt)2 
1 a -. 1 + m 2 + ) I ----c2 

c2 j 2 (P2 -Gt)2 
x 2< t) .. a [ lb 2 - tn2+ ----- ) c 2 ' 
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TaK 4TO M~pOB~e TpaeKTOp~~ Ten RBnR~TCR npOT~BononomH~M~ BeT
BHM~ ABYX r~nep6on. 0TMeT~M, 4TO B r~nep6on~4eCKOM AB~meH~~ 
HaXOAHTCH TaKme KOH~~ OAHOMepHO~ penHT~B~CTCKO~ CTPYH~/4/, 

nonHaH 3Hepr~H C~CTeMbl :~ "'·~ 1 + ·~2 ' ~Mnynbc p .. p1 +P2 'KoM
noHeHTa 6~BeKTOpa MOMeHTa pasHa 

1\n 10 c [ ",;:- 2 p ry2 
2 c . 2 p ,2 

Jll "" -· ·'-" 1 - __.._ - m ] - - [ ~ - ---&.. - m 2]. 
20 c 2 2 20 1 c 2 1 

Ponb npHMO~ /9/ ~rpaeT npHMaH 

·~ x - P t , m 1o. /12/ 

Ecn~ M~pOBble TpaeKTOP~I-1 X =X 1(t) 1-1 X "'X 2( t) nepeceKaiOTCH, TO 
npHMaH /12/ npoXOA~T 4epe3 T04KI-1 nepece4eHI-1H. B 3T~x T04Kax 
npolo1CXOA~T /no 3aKOHaM penHT~B~CTCKO~ MexaHI-1KI-1 KOHTaKTH~X 

CTOnKHOBeHI-1~/ a6con~THO Heynpyroe CTOnKHOBefH1e I-1CC1leAyeMbiX 
Ten 1-1 o6pa3oBaH~e cocTaBHoro Tena n~6o, Hao6opoT, pacnaA co
cTaBHoro Tena Ha ABa I-1CCneAyeM~X. Mlo1pOBaH TpaeKTOpi-1H COCTaa
HOrO Tena nemHT Ha npHMO~ /f2/. Co6CTBeHHOe BpeMH COCTaBHOrO 
Tena, npoTeKa~~ee MemAY pacnaAOM H CTOnKHOBeHHeM, paBHO 

m 1m2 ·s 
T ,. 2 ---·c sh-- , 

MO c /13/ 

rAe ·s - OTHOC~TenbHaH 6biCTpOTa HCC1leAyeMbiX Ten B MOMeHT CTOnK
HOBeHHH HnH pacnaAa; M- Macca cocTaBHoro Tena: 

j mi. r;:f:--:-----. 2 J . 2 2 ·s 
M"' ~ - --2 • m 1 +m 2 +2m 1 m 2 ch-

c c 
/14/ 

H3 ~OpMynbl /13/ B~AHO, 4TO o6pa30BaH~e COCTaBHOrO Tena B03MOm
HO TOllbKo a cny4ae, ecnH M ::::· m 

1 
+ m 2 • npH 0 >' 0 nony4aeTcH 

peJlHTHBHCTCK~~ OC~HJlllHTOp C nepHOAOM /13/, eCJll-1 CTOJlKHOBeHI-1R 
Tell 6YAYT npOI-1CXOA1-1Tb a6C01liOTHO ynpyrHM o6pa30M. 
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~--------------------------------------------~--~-lllasoxHHa H.C. 
0AHOMepHoe penHTHBHCTCKOe ABH~eHHe ABYX Ten 
C ITOCTOHHHOH ITO MOAYniD CHnOH B3aHMOAeHCTBHH 

P2-82-157 

PaccMoTpeHo penHTHBHCTCKoe ITPHMOnHHeHnoe ABH~eHHe ABYX 
Ten C ITOCTOHHJ{Ol"i ITO MOAYnJO CHnOH B3aHMOAeHCTBHH, HccneAOBaHbl 
HeyiTpyrHe 11 yiTpyrHe CTOnKHOBeHHH 3THX Ten. I10CTpOeHa MaTeMa
TH'!eCKH TO'!HaH MOAeJib penHTHBHCTCI<oro OCl\HJinHTOpa. 

P a6oTa Bhmonnena a ITa6opa TopHH HAepHbiX npo6neM OIDIH. 

npenpMHT 06~8AMHOHHOro HHCTMTYT8 ftAOPHWX HCCneA088HH~. AY6Ha 1981 

Shavokhina N.S. P2-82-157 
One-Dimensional Relativistic Motion 
of Two Bodies with Interaction Force Constant Modulo 

The relativistic linear motion of two"bodies is consi
dered with the interaction force which is modulo constant. 
Inelastic and elastic collisions of these bodies are studied. 
An exact mathematical model of the relativistic oscillator 
is constructed. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprlnt of the Joint Institute for Nuclear Research. Dubne 1981 

nepeBOA 0. c. BHHOrpaAOBO~ r-· -. 1 _, 

• 

1 

,·\ 
~- .· 


